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COPYRIGHT AND DISCLAIMER
Copyright (and any other applicable intellectual property rights) in this document and any
accompanying data or models is reserved by SRK Consulting (UK) Limited ("SRK") and is protected
by international copyright and other laws.
This document may not be utilised or relied upon for any purpose other than that for which it is stated
within and SRK shall not be liable for any loss or damage caused by such use or reliance. In the
event that the recipient of this document wishes to use the content of this document in support of any
purpose beyond or outside that which it is expressly stated or for the raising of any finance from a
third party where the document is not being utilised in its full form for this purpose, the recipient shall,
prior to such use, present a draft of any report or document produced by it that may incorporate any
of the content of this document to SRK for review so that SRK may ensure that this is presented in a
manner which accurately and reasonably reflects any results or conclusions produced by SRK.
This report was prepared as a National Instrument 43-101 Technical Report for Golden Star
Resources Ltd (“GSR”) by SRK. The quality of information, conclusions, and estimates contained
herein is consistent with the level of effort involved in SRK’s services, based on: i) information
available at the time of preparation, ii) data supplied by outside sources, and iii) the assumptions,
conditions, and qualifications set forth in this report. This report is intended for use by GSR subject to
the terms and conditions of its contract with SRK and relevant securities legislation. The contract
permits GSR to file this report as a Technical Report with Canadian securities regulatory authorities
pursuant to National Instrument 43-101, Standards of Disclosure for Mineral Projects. Except for the
purposes legislated under provincial securities law, any other uses of this report by any third party is
at that party’s sole risk. The responsibility for this disclosure remains with GSR. The user of this
document should ensure that this is the most recent Technical Report for the property as it is not
valid if a new Technical Report has been issued.
The use of this document is strictly subject to terms licensed by SRK to its client as the recipient of
this document and unless otherwise agreed by SRK, this does not grant rights to any third party. This
document shall only be distributed to any third party in full as provided by SRK and may not be
reproduced or circulated in the public domain (in whole or in part) or in any edited, abridged or
otherwise amended form unless expressly agreed in writing by SRK, but subject to the requirements
of Canadian securities laws applicable to GSR. In the event that this document is disclosed or
distributed to any third party other than in accordance with the prior sentences, no such third party
shall be entitled to place reliance upon any information, warranties or representations which may be
contained within this document and the recipient of this document shall indemnify SRK against all
and any claims, losses and costs which may be incurred by SRK relating to such third parties.
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EXECUTIVE SUMMARY (ITEM 1)

1.1

Introduction
This Technical Report is a Feasibility Study (“FS”) of the combined Wassa open pit (“O/P”)
and underground (“U/G”) gold project (the “Wassa Project” or the “Project”) which has been
prepared by SRK Consulting (UK) Limited (“SRK”) for and on behalf of Golden Star
Resources Ltd (“GSR”).
GSR currently holds a 90% interest in the subsidiary company, Golden Star (Wassa) Limited
(“GSWL”) which operates the Wassa open pit gold mine located in the Western Region of
Ghana.
The Technical Report has been prepared in accordance with the requirements of National
Instrument 43-101 (“NI 43-101”) – ‘Standards of Disclosure for Mineral Projects’, of the
Canadian Securities Administrators (“CSA”) for filing on CSA’s “System for Electronic
Document Analysis and Retrieval” (“SEDAR”).
In recent years, the Wassa processing plant has received open pit feed from the Wassa Main
deposit and a number of satellite pits (Benso and Hwini Butre) at a rate of 2.1 to 2.6 Mtpa.
This FS considers a combined open pit and underground feed sourced from the Wassa Main
deposit at a rate of 2.6 Mtpa.
GSWL holds various exploration properties and mining leases, which incorporate the following
key projects:
•

Wassa mining lease: Wassa Main is an operating open pit gold mine comprising the
following mineralization domains: F Shoot, 419, B Shoot, 242, Starter, South-East, MidEast and Dead Man’s Hill (“DMH”).

•

Benso mining lease: comprising the Subriso East (“SE”), Subriso West (“SW”), G-Zone
and I-Zone deposits.

•

Hwini Butre mining lease: comprising the Father Brown, Adoikrom and Dabokrom
deposits.

•

Chichiwelli exploration property: comprising two mineralized zones, Chichiwelli West
(“West Domain”) and Chichiwelli East (“East Domain”).

•

Manso exploration property, located adjacent to Benso, to the east.

The properties and leases are spread out along a line trending approximately 80 km
southwest of the Wassa mine complex.
This Feasibility Study incorporates Mineral Resources from the Wassa Main open pit and
underground areas only. It does not take into account any Mineral Resources from the Benso,
Hwini Butre, Chichiwelli or Manso satellite deposits.
Registered Address: 21 Gold Tops, City and County of Newport, NP20 4PG,
Wales, United Kingdom.
SRK Consulting (UK) Limited Reg No 01575403 (England and Wales)
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All monetary values shown in the report are US Dollars (“US$”) unless otherwise stated.

1.2

Mineral resources

1.2.1 History Location and Ownership
The Wassa area has witnessed several periods of local, small-scale and colonial mining
th
activity from the beginning of the 20 century. Mining of quartz veins and gold bearing
structures are evident from the numerous pits and shafts covering the Wassa lease area.
The Wassa Mine was originally developed as a 3 Mtpa open pit heap leach operation with a
forecast life of mine (“LoM”) gold production of approximately 100,000 ounces per annum.
The first material from the pit was mined in October 1998. After approximately one year of
production, it became evident that the predicted heap leach gold recovery of 85% could not
be achieved, mainly due to the high clay content of the resource and poor solution
management.
In 2001, the Project was put up for sale and GSR acquired the Wassa assets. Upon
completion of the acquisition of Wassa Mine by GSR, further exploration programs were
undertaken. Both these exploration programs formed part of a Feasibility Study (“FS”) that
was completed in July 2003, which demonstrated the economic viability of reopening and
expanding the existing open pits, and processing the material through a conventional carbonin-leach (“CIL”) circuit. The Wassa Mine has been operating as a conventional CIL milling
operation since April 2005.

1.2.2 Geology and Mineralization
The Wassa property lies within the southern portion of the Ashanti Greenstone Belt along the
eastern margin within a volcano-sedimentary assemblage located close to the Tarkwaian
basin contact. The eastern contact between the Tarkwaian basin and the volcanosedimentary rocks of the Sefwi group is faulted, but the fault is discrete as opposed to the
western contact of the Ashanti belt where the Ashanti fault zone can be several hundred
meters wide.
The Wassa lithological sequence is characterized by lithologies belonging to the Sefwi Group
and consisting of intercalated meta-mafic volcanic and meta-diorite dykes with altered metamafic volcanic and meta-sediments which are locally characterized as magnetite rich, banded
iron formation (“BIF”) like horizons (Bourassa, 2003). The sequence is characterized by the
presence of multiple ankerite-quartz veins which are sub-parallel to the main penetrative
foliation. The lithological sequence is also characterized by Eoeburnean felsic porphyry
intrusions on the south-western flank of the Wassa mine fold.
The Wassa mineralization is subdivided into a number of domains, namely: F Shoot, B Shoot,
242, South East, Starter, 419, Mid East, and Dead Man’s Hill. Each of these represents
discontinuous segments of the main mineralized system. The SAK deposits are located
approximately 2 km to the southwest of the Wassa Main deposit on the northern end of a welldefined mineralized trend parallel to the Wassa Main trend. The mineralization is hosted in
highly altered multi-phased greenstone-hosted quartz-carbonate veins interlaced with
sedimentary pelitic units. The SAK mineralization is subdivided into a number of domains as
well, SAK 1, 2 and 3.
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Mineralization within the Wassa Mine is structurally controlled and related to vein densities
and sulphide contents.The mineralization generally consists of broadly tabular zones
containing dismembered and folded ribbon-like bodies of narrow quartz vein material. Three
vein generations have been distinguished on the basis of structural evidence, vein
mineralogy, textures and associated gold grades.

1.2.3 Exploration and Data Management
Exploration drilling commenced in February 1994, and by March 1997, a total of 58,709 m of
reverse circulation and diamond drilling had been completed.
In March 2002, GSR started an exploration program as part of a due diligence exercise
following the ratification of a confidentiality agreement with the creditor of Satellite Goldfields,
and the mining lease was purchased later in the year. The exploration program consisted
mainly of pit mapping and drilling below the pits to test the continuity of mineralization at
depth. Exploration drilling resumed in November 2002 under GSR with the aim to increase
mineral reserves and resources for the feasibility study, which was completed in 2003.
Simultaneous with the resource drilling program that targeted resource increases in the pit
areas, GSR also undertook grass roots exploration along two previously identified mineralized
trends. The 419 area was delineated south of the main pits and the South-Akyempim
anomaly, a soil target that had never been previously drilled, was discovered west of the main
pits. Deep auger campaigns were also undertaken in the Subri forest reserve, which is
located in the southern portion of the Wassa Mining lease.
In March and April 2004, a high resolution, aerial geophysical survey was carried out over the
Wassa Mining Lease and surrounding Prospecting and Reconnaissance Licenses. The
2
surveys consisted of 9,085 line kilometres covering a total area of 450 km . Flight lines were
spaced at varying distances between 50 to 100 m depending on the survey type. The
geophysical surveys identified several anomalies with targets being prioritized on the basis of
supporting geochemical and geological evidences.
Drilling is carried out by a combination of diamond drilling (“DD”), reverse circulation (“RC”)
and reverse air blast (“RAB”) techniques. In general the RAB method, which has a depth
capability of 30 m, is used at early stages for follow up to soil geochemical sampling and
during production for testing contacts and extensions of mineralization. To further test the
prospective structures and anomalies defined from soil geochemistry and RAB drilling results,
RC drilling is used. RC drilling is typically carried out along drill lines spaced between 25 and
50 m apart with maximum drilled depths of 100 to 125 m, depending on the ground water
table. The DD method is used to provide more detailed geological data in those areas where
more structural and geotechnical information is required. Generally the deeper intersections
are also drilled using DD and, as a result, most section lines contain a combination of RC and
DD drilling.
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Sampling is typically carried out along the entire drilled length. For RC drilling, samples are
collected every meter and then combined into 3 m composites. Should any 3 m composite
samples return a significant gold grade assay, the individual 1 m samples are then sent
separately along with those from the immediately adjacent samples. DD samples are
collected, logged and split with a diamond rock saw in maximum 1 m lengths. The core is cut
according to mineralization, alteration or lithology and is split into two equal parts along a
median to the foliation plane. The sampling concept is to ensure a representative sample of
the core is assayed. The remaining half core is retained in the core tray, for reference and
additional sampling if required.
Sample assays are then performed at either SGS Laboratories in Tarkwa (“SGS”) or
Transworld (now Intertek) Laboratories (“TWL”), also based in Tarkwa. Both laboratories are
independent of GSR. GSR has used both laboratories and regularly submits quality control
samples to each for testing purposes. Both laboratories are currently in the process of
accreditation for international certification for testing and analysis. Specific gravity (“SG”)
determinations were carried out by GSR at the core facility using a water immersion method.
Quality control measures are typically set in place to ensure the reliability and trustworthiness
of exploration data, and to ensure that it is of sufficient quality for inclusion in the subsequent
Mineral Resource estimates. Quality control measures include written field procedures and
independent verifications of aspects such as drilling, surveying, sampling and assaying, data
management and database integrity.
The field procedures implemented by GSR are comprehensive and cover all aspects of the
data collection process. At Wassa, each task is conducted by appropriately qualified
personnel under the direct supervision of a qualified geologist. The measures implemented by
GSR are considered to be consistent with industry best practice.

1.2.4 Mineral Resource Estimate
The Mineral Resource Statement presented in Table ES 1 represents an estimate for the
Wassa Main deposit as at 31 July 2014. The Resources are inclusive of Reserves. Other
satellite deposits which form part of the Wassa Mine are not included in this report.
Table ES 1:

GSWL Mineral Resource Statement, 31 December 2014
MEASURED

Source

INDICATED

INFERRED

Quantity

Grade

Metal

Quantity

Grade

Metal

Quantity

Grade

Metal

kt

g/t Au

koz Au

kt

g/t Au

koz Au

kt

g/t Au

koz Au

Wassa OP
Wassa UG

-

-

-

33,039
11,248

1.37
4.07

1,458
1,471

137
10,331

1.47
3.69

6
1,227

Total

-

-

-

44,287

2.06

2,929

10,469

3.66

1,233

The GSR exploration team was responsible for the modelling portion of the resource
estimation process which included preparation of all topographic surfaces, weathering
surfaces, geological and grade wireframes. SRK Consulting (Canada) Inc (“SRK Canada”)
was commissioned to construct a mineral resource model with estimated gold grades for the
Wassa Main deposit. The mineral resource classification and statement was prepared by
GSR under the supervision of Mitch Wasel, a Qualified Person pursuant to NI 43-101.
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The Wassa database comprises four individual drillhole databases, namely: the GSR Wassa
exploration database which contains exploration drilling conducted by GSR since 2002; the
exploration database which contains historical exploration drill holes from the previous
operator Satellite Goldfields; the Satellite Goldfields grade control database; and the GSR
grade control database. The Satellite Goldfields grade control database was not included in
the Mineral Resource estimate as the samples are considered not to be of sufficient quality for
inclusion.
A two-step approach was developed for modelling the auriferous zones at Wassa: wide low
grade envelopes characterized by weak alteration were modelled around high grade zones
with strong veining and sulphide content. A total of 27 low grade wireframes were modelled by
GSR surrounding four high-grade wireframes. SRK undertook an independent assessment to
confirm the continuity of the high grade zones as modelled by GSR. Structural geology
assistance was also provided by SRK to develop the high grade wireframes.
A 3D block model including rock type, gold, percent, density and class was built in Gems by
GSR. The block size was set at 10 x 10 x 3 m in the northing, easting and elevation
directions, respectively along the mine grid.
GSR has classified and reported the Wassa gold Mineral Resource in accordance with the
NI 43-101 guidelines and the CIM standards for reporting of Mineral Resources.
The open pit Mineral Resource estimate is based on a cut-off grade of 0.60 g/t Au for the
oxide and 0.66 g/t Au for fresh material, and reported within a conceptual Whittle shell. Pit
optimization using industry standard software has been undertaken using appropriate slope
angles, modifying factors (mining recovery and dilution), process recovery factors, costs and a
long term gold price of US$1,400/oz.
The underground portion of the Mineral Resource estimate is based on a cut-off grade of 2.08
g/t Au and reported below the conceptual Whittle shell.
The Mineral Resource models have been depleted using appropriate topographic surveys, to
reflect mining until 31 December 2014.
Geological modelling of the mineralization was undertaken by GSR, using a cut-off grade of
approximately 0.2 g/t Au for the low grade envelopes and 1.0 g/t Au for the high grade
wireframes. Assays less than 1 g/t Au were often included within the mineralized wireframes
in order to model continuity both down dip and along strike. The Mineral Resource estimates
are derived from a combination of DD and RC drilling techniques, supported by an industry
best practice QAQC programme. Drilling is typically carried out on sections spaced at 25 m.
The Mineral Resources were estimated using a block model with block sizes which typically
reflect half the drill hole spacing within the Wassa Main deposit. The composite grades were
capped for domains deemed necessary after statistical analysis. Local ordinary Kriging was
used to estimate the block grades.
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The basis of the Mineral Resource classification included confidence in the geological
continuity of the mineralized structures, the quality and quantity of the exploration data
supporting the estimates, and the geostatistical confidence in the tonnage and grade
estimates. Three-dimensional solids were modelled reflecting areas with the highest
confidence, which were classified as Indicated Mineral Resources.
Mineral Resources that are not Mineral Reserves do not have demonstrated economic
viability.

1.3

Mine Design and Schedule
The mine plan reflects continuing open pit production with underground production
commencing during 2016; and combined open pit and underground production until 2022. In
2023, the underground production is supplemented by stockpiled sub grade open pit material
in order to fill the plant to capacity. Sub-grade material is stockpiled ore that only has
sufficient grade to cover the processing costs. .
Total ore material mined amounts to 24.1 Mt at an average grade of 2.04 g/t Au estimated to
recover some 1.47 Moz gold. It should be noted that the underground grade is significantly
higher than the open pit grade.
A conventional approach to open pit mining is currently being used at the Wassa mine
employing excavators and trucks which are considered typical for this type and style of gold
mineralization. Drilling and blasting of rock is conducted over bench heights of 5 or 6 m and
explosives are delivered to the hole by the manufacturer. Oxide or weathered material is
generally only required to be lightly blasted or in some areas can be excavated without
blasting. Hydraulic excavators are used in conjunction with conventional blasting practice, to
mine a 2.5 or 3.0 m flitch height. Broken rock is loaded to 91 t capacity off-highway haul
trucks to a central stockpile or to the waste dump.
The underground design utilizes a twin decline access from the base of the open pit which
reduces the access to the mineralization from the surface topography. The selected mining
method is sub-level open stoping utilizing a cemented rock backfill (“CRF”) where appropriate
to maintain support for mining the secondary stopes and increasing the overall extraction
ratio. A staged approach to ventilation is taken with raises to surface completed in line with
the development and production schedule.
Mining is undertaken using trackless, diesel powered equipment including twin boom jumbos
for development and long hole drills for production drilling. The approach to materials handling
to surface is through a combination of 17 t capacity loaders and 55 t capacity trucks.

1.4

Mineral Reserves
The Wassa Mineral Reserves were estimated based only on the Mineral Resources that are
classified as Measured and Indicated. The Reserves are summarized in Table ES 2.
The Mineral Reserves have been prepared in accordance with CIM standard definitions for
Proven Mineral Reserves and Probable Mineral Reserves. The Indicated Mineral Resources
reported above include those Mineral Resources modified to estimate the Mineral Reserves.
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The Mineral Reserve has been estimated using accepted industry practices for open pit and
underground mines, including the identification of the optimal final ore envelope(s) based on
the selected mining methods, appropriate modifying factors and cut-off grade (“CoG”)
calculations based on detailed cost estimation. The identified ore bodies were subjected to
detailed mine design, scheduling and the development of a cash flow model incorporating the
company’s technical and economic projections for the mine for the duration of the LoM plan.
A gold price of US$1,200/oz was used for all of the Reserve estimation undertaken for the
feasibility study.
Any mineralization which occurs below the cut-off grade or is classified as an Inferred Mineral
Resource not considered as Mineral Reserves and is treated as mineralised waste for the
purposes of the LoM plan. The Wassa Mineral Reserve Statement as of 31 December 2014.
Table ES 2:

Wassa Mineral Reserve Statement as at 31 December 2014

PROVEN
Quantity Grade
Metal
kt
g/t
koz Au
Wassa OP
Wassa UG
Stockpile
820
0.73
19.2
Total
820
0.73
19.2
Source

Quantity
kt
17,831
5,437
23,268

PROBABLE
Grade
g/t
1.42
4.27
2.08

TOTAL
Metal Quantity Grade
Metal
koz Au
kt
g/t Au
koz Au
812
17,831
1.42
812
745
5,437
4.27
745
820
0.73
19
1,558
24,088
2.04
1,577

The Qualified Person (“QP”) with overall responsibility for reporting of Mineral Reserves is Mr
Michael Beare, a Corporate Consultant (Mining Engineering) with SRK. Mr Beare has 23
years’ experience in the mining industry and has been involved in the reporting of Mineral
Reserves on various properties in Europe and Africa during the past ten years. Mr Beare was
supported in the estimation of Reserves by QPs Rod Redden and Chris Bray who completed
the underground and open pit planning work respectively.
The open pit mining modifying factors applied for recovery and dilution are 95% and 10%,
based on experience at the operation. The Whittle runs determined the CoG for the material
falling within the pit shell. Material which is removed from the pit and has enough gold to
cover its processing and re-handling costs was determined using a cut-off grade of 0.77 g/t.
The underground in situ mineral inventory was delineated using the Deswik Stope Optimizer
using an in situ planning cut-off of 2.5 g/t Au, based on the results of the previous PEA. The
COG was then confirmed as appropriate by the follow-on detailed cost estimates. The
resulting stope wireframes were used to guide the stope designs for scheduling. Dilution and
recovery factors of 7% and 90%, respectively, were applied to the designed tonnes and
grades in order to generate ROM tonnes and diluted grades for the mill feed sourced from the
underground mine.

1.5

Mineral Processing
The Wassa Mine was originally developed as a 3 Mtpa open pit heap leach operation, which
operated from 1998 to 2001. In 2003, the plant was converted into a milling CIL circuit, which
started operation in 2005 treating a mixture of primary and oxidized ores and material
reclaimed from the heap leach pads.
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The Wassa treatment plant is currently processing primary ore feed from the open pit
operation and consists of a fine crushing, milling, gravity and CIL gold recovery circuit.
Historically, the plant has processed a mixture of open pit primary ore, oxidized ore and spent
material from the old heap leach operation at treatment rates of up to 3.5 Mtpa, although with
the oxide and spent heap leach feeds now generally depleted, the plant is currently
processing around 2.65 Mtpa of primary ore. The current plant primary ore feed from the open
pit is around 1.5 g/t Au with gold recoveries of 92% reported.
The proposed development of underground mining will produce approximately 2,000 –
2,500 tpd of higher grade feed material (3-7 g/t Au) for the plant to process. The underground
ore feed is planned to make up around one third of the plant feed once the underground mine
is fully operational. Testwork has indicated that the hardness and abrasiveness of the
underground feeds are no higher than the current and historic feed and in fact are indicated
on the majority of the variability samples to be slightly softer (lower Bond work index) and less
abrasive although the differences are generally only minor. Variability and crushability
testwork undertaken for the Feasibility Study has shown that although there are slightly higher
levels of sulphides present with depth, the processing characteristics of the ore from the
proposed underground do not materially change.
In addition, the metallurgical performance of the underground ore samples was shown in
gravity and leaching tests to be generally similarly to the open pit reference sample with
similar recoveries and reagent consumptions.
Underground feed will be blended with open pit material for most of the LoM of the open pit
operation and this will have the effect of diluting the grade of the underground feed to the
plant. Typically, the underground material will constitute up to 30% of the plant feed, although
this will still result in a plant feed grade of over 3 g/t Au for periods. The proposed treatment
rate through the plant, when treating the combined underground and open pit feeds, is
7,260 tpd. This results in an annual throughput of 2.65 Mtpa, which is in line with the current
throughput. The current constraint to plant throughput is milling capacity and an increase in
throughput is considered achievable with the softer ore from underground..
Forecast gold recoveries are anticipated to remain similar to those currently achieved with
higher recoveries possible due to the increased feed grade.
Operating costs are historically reported to have been in the range of US$17.00 to 17.50/t
treated over the last three years and based on reagent consumptions, forecast reagent and
consumable prices and other costs are expected to remain in the region of US$17.50/t treated
with no significantly change anticipated as the amount of underground material increases in
the feed.
In summary, the testwork has indicated that the underground material, while exhibiting some
mineralogical and metallurgical difference and having higher sulphide levels, responds in a
similar manner metallurgically to the current feed. The testwork was mainly aimed at
evaluating the response of the underground material compared to the current feed and further
testwork investigations may achieve improved performance by optimising the treatment
conditions such as grind size, reagent addition and blending approach.
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Project Infrastructure - Tailings Storage
There are two tailings storage facilities (“TSF”) that will accommodate the anticipated tailings
production with the existing facility, referred to as TSF1, and a new facility, referred to as
TSF2. The TSF1 facility has been raised in stages with the first stage being constructed in
2004. The latest Stage VI raise to 1039.0 mRL elevation has recently been completed. The
expansion of TSF1 will provide sufficient capacity to carry on until the TSF2 facility is
constructed, which is scheduled to be operational in 2017.
SRK has undertaken a review of the TSF2 detailed design report prepared by Knight Piesold
Ltd (“KP”) in 2015. The design includes a HDPE lining over the entire basin and upstream
slope of TSF2 to comply with Ghana EPA requirements. TSF2 provides a total storage
capacity of 41 Mt, although only 19.5 Mt is required for the current life of mine. The capacity
required for the current life of mine will be achieved by constructing TSF2 up to Stage 6.
SRK’s assessment of the geotechnical investigation, embankment stability and seepage
analyses attests that these design elements are relevant to the size and scope of the Project
and demonstrate satisfactory results for both storage facilities. The water management at the
Wassa site has been such that discharges to the receiving environment from the TSF have
not been required since 2010. The Wassa operation has an approved detoxification plant to
treat elevated cyanide concentrations that is available for the treatment of water should a
discharge be required; however, the water balance model for the current configuration of the
site indicates that under normal conditions discharges should not be required. The current
detoxification plant will be upgraded with the construction of TSF2.

1.7

Environmental and Social Factors
Environmental Setting
The GSWL operational area is within the moist tropical rainforest area of the Western Region
of Ghana. The mean annual rainfall is in the order of 1,750 mm. The natural vegetation at
the mine site had been disturbed prior to mining by logging and farming activities. The total
area of the Wassa Mining Lease is 5,289 ha and 512.15 ha of disturbance has occurred in
this area as a result of GSWL’s activities. The Wassa expansion project infrastructure and
operations will occur entirely within the footprint of the existing Wassa Main pits excavations,
so it is unlikely that any further impact to flora and fauna will result from the Project.
The mine is in a rural area and there are no major urban settlements within 50 km by road.
The villages of Akyempim, Akyempim New Site (formally Akosombo, which was resettled by
the company) and Kubekro are the closest to the Wassa operational area. The total
population of these communities in 2014 was about 3,000. GSWL has undertaken the
necessary compensation and resettlement activities required for access to 1,293.63 ha of
land in the lease area, including the current operational area, the site of TSF2 and buffer
zones.
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Environmental Approvals
An Environmental Certificate was issued to GSWL for existing operations based on GSWL’s
approved Environmental Management Plan (“EMP”) for 2010 to 2013. This EMP covers the
Wassa, Hwini Butre, and Benso Mines and all associated infrastructure, including the Hwini
Butre Benso Access Road. An EMP for 2014 to 2016 has been submitted to the
Environmental Protection Agency (“EPA”) and the Environmental Certificate for 2014 to 2016
is awaited. A recent audit by the EPA noted that the mine was in compliance for this aspect.
As required by its permitting conditions, a Reclamation Security Agreement is in place
between the company and the EPA in 2004. GSWL received approval for the construction of
TSF2 in 2013. The Environmental Permit was issued with the caveat that the facility be lined.
To make way for the TSF2 construction, resettlement of Togbekrom village and surrounding
hamlets has been undertaken in accordance with an approved Resettlement Action Plan. As
TSF2 was not developed within the 18 months, it has been necessary to apply to the EPA for
renewal of the permit. For this renewal, an updated version of the Environmental Impact
Statement (“EIS”) for TSF2 will be submitted to the EPA in the second quarter of 2015.
GSWL has commenced the process of obtaining an Environmental Permit for the Wassa
Project. An Environmental Impact Assessment is underway and an EIS, containing a
provisional EMP and closure plan for the Project, is scheduled for submission in Q4 2015.
GSWL does not foresee any obstacles to the permitting of the Project as it is in a disturbed
area and will not add to the impacts of existing operations.

1.8

Economic Analysis
SRK has derived an independent Technical Economic Model (“TEM”) for the Feasibility Study
using the key assumptions as follows:
•

all cost and revenues are in 2015 real terms, the start date of the valuation is January
2015;

•

a base case discount rate of 5% has been applied for Net Present Value calculations;

•

gold price of US$1,200/oz in real terms assumed by SRK;

•

royalty of 5% of revenue applied;

•

corporate income tax rate is 35%;

•

Wassa has no historic assessed tax losses to be carried forward; and

•

capital investment is depreciated on an annual fixed percentage basis as per the fiscal
regime of Ghana.

Total capital for the underground project, open pit, and plant sustaining has been estimated at
US$189.4m. Project capital, including contingency, for the U/G project is estimated at
US$75.1m over the LoM. The process plant requires U$62.8m in Project and sustaining
capital for the mine life. The US$28.6m of planned open pit capital costs include the residual
disposal value of the mining fleet in the year 2024 and mainly comprise the cost of replacing
the mining fleet.
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U/G operating costs to be incurred up to June 2016 inclusive are capitalized (included in the
U/G project capital) and are estimated at US$15m, offset by revenue from U/G during this
period of US$4m. Closure costs are estimated at US$19m.
A combined open pit and underground production rate of 220kt per month will produce
1,470koz for the current LoM, generating a gross revenue of US$1,760m. Average cash
operating costs for the total Wassa mine (O/P and U/G included) are estimated to be
US$780/oz Au and all-in sustaining costs are US$938/oz.
The summary cash flow and unit cost results of the TEM, presented in Table ES 3, indicates
an NPV of US$ 176 m using the average base case gold price of US$ 1,200 /oz and a
discount rate of 5%. The Internal Rate of Return (“IRR”) is 83%. The payback period is
calculated to be 3.25 years and the maximum drawdown is US$33 m. The economics of the
Wassa Project generally show little sensitivity to capital costs as demonstrated in Table ES 4.
This can be attributed to the low initial capital required for the U/G project. The project is most
sensitive to operating costs and revenues.
Table ES 3:

Summary of Cash Flow and Unit Costs

Parameter
Gross Revenue
Operating Costs

Unit
(US$m)
(US$m)

Value
1,760
(1,234)

Operating Profit

(US$m)

525

Tax Liability
Capital Expenditure
Working Capital

(US$m)
(US$m)
(US$m)

(88)
(189)
(19)

Free Cash Flow

(US$m)

229

U/G waste mined
O/P waste mined
U/G ore processed
O/P ore processed
O/P ore processed from stockpile
Total tonnes processed
Grade
Contained Au
Recovered Au
Total underground mining
Total open pit mining
Open pit mining

Total Processing
Total G&A
Total Refining
Contingency
Total Royalty
Total Operating Cost

(kt)
(kt)
(kt)
(kt)
(kt)
(kt)
(g/t)
(koz)
(koz)

1,190
86,331
5,437
17,831
820
24,089
2.04
1,578
1,470

(US$/t U/G processed)
(US$/t O/P processed)
(US$/t moved)

43.03
17.54
3.20

(US$/t processed)
(US$/t processed)
(US$/t processed)
(US$/t processed)
(US$/t processed)
(US$/t processed)

17.79
5.84
0.31
0.97
3.66
51.87

Revenue
Operating Costs

(US$/oz)
(US$/oz)

1,200.00
(849.82)

Operating Profit

(US$/oz)

350.18
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NPV and IRR Sensitivity Tables

OPEX SENSITIVITY

NPV 5% (US$m)

REVENUE SENSITIVITY
-20%

-10%

0%

10%

20%

-20%

122

213

304

394

484

-10%

55

149

240

331

421

0%

-33

83

176

267

357

10%

-130

8

111

203

294

20%

-227

-89

43

138

229

-20%

-10%

0%

10%

20%

-20%

0

117

209

300

390

-10%

-17

100

192

283

374

0%

-33

83

176

267

357

10%

-50

67

159

250

341

20%

-66

50

143

234

325

-20%

-10%

0%

10%

20%

-20%

336

273

209

144

77

-10%

320

256

192

127

60

0%

304

240

176

111

43

10%

288

224

159

94

27

20%

271

207

143

77

10

-20%

-10%

0%

10%

20%

-20%

5.0%

47.3%

149.4%

N/A

N/A

-10%

0.2%

38.3%

107.3%

N/A

N/A

0%

0.0%

30.9%

83.3%

N/A

N/A

10%

0.0%

24.5%

67.0%

273.9%

N/A

20%

0.0%

19.0%

54.9%

155.0%

N/A

CAPEX
SENSITIVITY

NPV 5% (US$m)

REVENUE SENSITIVITY

CAPEX
SENSITIVITY

NPV 5% (US$m)

OPEX SENSITIVITY

CAPEX
SENSITIVITY

IRR

REVENUE SENSITIVITY
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Conclusions and Recommendations

1.9.1 Conclusions
Based on the work carried out for this FS, SRK concludes the results indicate that there is
good potential for a combined open pit and underground operation at Wassa. In SRK’s
opinion, an underground mine at Wassa is practically achievable and the Feasibility Study
indicates that a sub-level open stoping method will be suitable together with a consolidated fill
to maximize the extraction ratio. A twin decline access is the most suitable means for
accessing the identified production areas using a trackless haulage for materials handling to
surface. The study also concludes that an average production rate of 800 ktpa is achievable
from the underground mine based on the currently defined Mineral Reserves. SRK notes that
higher rates are likely to be achievable if more stope face can be provided by converting
Resources that are currently Inferred to an Indicated status through additional infill drilling.
GSWL has a long history of mining at Wassa and has the required knowledge to implement
the Wassa Project and integrate with their current operations.

1.9.2 Recommendations
Based on the work carried out for this FS, SRK recommends that GSR proceeds with their ongoing construction of the Wassa Underground Project. This FS presents a sound basis for the
approach to mining and technical detail. SRK considers that further investigation during
development and operation is required to confirm the following aspects:
•

optimum stope dimensions and design based on infill drilling from underground infill
drilling costs are included in underground operating costs;

•

properties of cemented rock fill with a view to reducing consumption from that planned –
cost of testwork program is US$70,000;

•

water balance for the underground operation– cost of this work is included in capital
estimate for underground operations under the heading General UG Costs;

•

planning and scheduling parameters for medium and long term planning; these should
be based on actual performance – cost of this work is included under Technical Services
operating costs; and

•

operating costs. These need to be monitored to ensure that the realized costs are
aligned to the Feasibility Study objectives and assumptions– cost included under
Technical Services operating costs.
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Abbreviations
AAS
ALS
ANCOLD
ANFO
AP
ARO
Au
BIF
Bwi
CIL
CMCCs
CRF
CRM
CSA
DD
DIBK
East Domain
EIA
EIS
EMP
EOM
EPA
FOS
G&A
GEMS
Geostats
Glencar
GRG
GSLib
GSR
GSWL
HDPE
ICOLD
IRS
ITCZ
KP
LHD
LoM
MDM
MRE
MSO
NaCN
NI 43-101
NPV
PEA
PVC
QAQC
QP
RAB
RC
RL
RoM
RQD
SE
SEDAR
SG
SGL
SGS

Atomic absorption spectroscopy
ALS Minerals in Ghana-Kumasi
Australian Commission on Large Dams
Ammonium Nitrate Fuel Oil
Anchor Point
Asset Retirement Obligations
Gold
Banded Iron Formation
Bond Ball Mill Work Index
Carbon-in-Leach
Community Mine Consultative Committees
Cemented, or consolidated, rock fill
Certified Reference Material
Canadian Securities Administrators
Diamond Drill
Diisobutyl Ketone
Chichiwelli East
Environmental Impact Assessment
Environmental Impact Statement
Environmental Management Plan
End of Month
Environmental Protection Agency
Factor of Safety
General and Administrative
Gemcom Software
Geostats Pty Ltd
Glencar Exploration Limited
Gravity Recovered Gold
Geostatistical Software Library
Golden Star Resources Limited
Golden Star (Wassa) Limited
High-density polyethylene
International Commission on Large Dams
Intact Rock Strength
Inter Tropical Convergence Zone
Knight Piésold
Load Haul Dump
Life of Mine
Metallurgical Process Development Pty Ltd
Mineral Resource Estimate
mineable shape optimizer
Sodium Cyanide
National Instrument 43-101
Net Present Value
Preliminary Economic Assessment
Poly(vinyl chloride)
Quality Assurance Quality Control
Qualified Person
Rotary Air Blast
Reverse Circulation
Reduced Level
Run of Mine
Rock Quality Designation
Subriso East
System for Electronic Document Analysis and Retrieval
Specific Gravity
Satellite Goldfields Limited
SGS Laboratories in Tarkwa
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SRK or SRK (UK)
SSC
SW
TEM
TMM
TSF
TSF1
TSF2
TTG
TWL
UDC Flow
VR
Wassa Project
West Domain
Whittle
WPT
WRC
WSL
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SRK Consulting (UK) Limited
Single Shot Camera
Subriso West
Technical Economic Model
Total Material Movement
Tailings Storage Facility
Existing Tailings Storage Facility
New Tailings Storage Facility
Tonalite–Trondhjemite–Granodiorite
Transworld (now Intertek) Laboratories
undiscounted cash flow
Vent Raise
Wassa open pit and underground gold project
Chichiwelli West
Whittle Four-X software
Windfall Profits Tax
Water Resources Commission
Wassa Site Laboratory
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Units
deg.
g/t
kg
kW
kWhr/t
l/s
m
m/sec
3
m
Ma
ml
mm
Mt
Mtpa
Pa
t
t.oz
US$

Degrees Celsius
Grams per tonne
Kilogram
Kilo Watt
Kilo Watt hour per tonne
litres per second
Metre
Metres per second
Cubic metre
Million years
millilitre
millimetre
Million tonnes
Million tonnes per annum
Pascal
Metric tonne
troy ounce
US Dollars
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NI 43-101 TECHNICAL REPORT ON A FEASIBILITY LEVEL
ASSESSMENT OF THE WASSA OPEN PIT MINE AND
UNDERGROUND PROJECT IN GHANA
1

INTRODUCTION (ITEM 2)
This Technical Report presents a Feasibility Study (“FS”) of the combined Wassa open pit and
underground gold project (the “Wassa Project”) which has been prepared by SRK Consulting
(UK) Limited (“SRK”) for and on behalf of Golden Star Resources Limited (“GSR”). This report
also incorporates an update of the Wassa Mineral Resources and Mineral Reserves as of
December 31, 2014.
GSR currently holds a 90% interest in the subsidiary company, Golden Star (Wassa) Ltd.
(“GSWL”) who operate the Wassa open pit gold mine located in the Western Region of
Ghana, to the northeast of Tarkwa. GSR is a gold exploration and producing company with
operational mining interests in Ghana, West Africa and exploration interests in West Africa
and in South America. This report deals exclusively with the mining operations at GSWL. The
Ghanaian Government has a 10% ownership of GSWL and currently receives a 5% royalty on
the gross revenue of all GSWL gold production.
The Technical Report has been prepared in accordance with the requirements of National
Instrument 43-101 (“NI 43-101”) – ‘Standards of Disclosure for Mineral Projects’, of the
Canadian Securities Administrators (“CSA”) for filing on CSA’s “System for Electronic
Document Analysis and Retrieval” (“SEDAR”).
This FS considers only Measured and Indicated Resources for conversation to Mineral
Reserves
In recent years the Wassa plant has received open pit feed from the Wassa Main deposit and
a number of satellite pits (Benso and Hwini Butre) at a rate of 2.1 to 2.6 Mtpa. This FS
considers a combined open pit and underground feed sourced from the Wassa Main deposit
at a rate of 2.6 Mtpa for 9 years.
A previous NI 43-101 Technical Report on a Preliminary Economic Assessment (“PEA”) was
published in October 2014 and presented a Mineral Resource estimate and a mining plan and
economic assessment for open pit and underground mining.
All monetary values shown in the report are US Dollars (“US$”) unless otherwise stated.

Registered Address: 21 Gold Tops, City and County of Newport, NP20 4PG,
Wales, United Kingdom.
SRK Consulting (UK) Limited Reg No 01575403 (England and Wales)

Group Offices: Africa
Asia
Australia
Europe
North America
South America

SRK Consulting

1.1

Wassa FS - Main Report

Terms of Reference
SRK Consulting (Canada) Limited was engaged by GSR at the beginning of 2014 to assist
GSR in the preparation of the updated Mineral Resource estimate. SRK (UK) was engaged in
mid-2014 to undertake a Preliminary Economic Assessment (“PEA”) on a combined open pit
and underground mining option based on the new resource estimate. The results of the PEA
were published in October 2014. On the strength of the results, plans for an exploration
decline project and FS were announced. SRK (UK) was retained to undertake the FS and
provide input to the design and permitting of the exploration decline project.

1.2

Data Sources
The data provided to SRK was largely provided by GSR staff based at the mine site, at the
Toronto Head Office or at the Takoradi Exploration Office. The information provided
comprised:

1.3

•

Digitized exploration data containing drillhole and surface sampling information collected
as part of either initial exploration works or subsequent mine exploration and grade
control activities;

•

Digital wireframe models produced by GSR staff;

•

Digital mineral resource estimation block models containing grade, density, geological
and quality information. A block model was completed by SRK (Canada) on behalf of
GSR;

•

Mining and production data, including monthly and annual reports, mining schedules and
equipment schedules for the life of mine (“LOM”) plan, provided by GSR;

•

Historical production and recovery statistics, current operating statistics and costs for the
processing plant, provided by GSR;

•

Geotechnical data and reports produced by SRK as part of previous commissions with
GSR and on-going support with the geotechnical drilling program at Wassa;

•

Tailings and waste management information, provided by Knight Piésold (“KP”)
consultants; and

•

Data relating to the social and environmental impact of the mining operations both
historically and planned during the remaining life of mine, provided by GSR.

Qualified Persons
Table 1-1 provides a summary of the designated Qualified Persons (“QP”) and other key
contributors for completion of this technical report.
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Table 1-1:
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Qualified Persons and Contributors to this Technical Report
Qualified Persons Responsible for the Preparation of this Technical report

Qualified Person

Position

Employer

Independent of GSR

Date of Last Site Visit
1

Professional Designation

Sections of the Report

CEng, BEng, ACSM, MIoM3

Sections 1 to 5, 14, 15
(Underground), 17 to 26
and overall responsibility
for report

Mike Beare

Corporate Consultant (Mining Engineer)

SRK Consulting (UK) Ltd

Yes

No visit

S. Mitchel Wasel

Vice President Exploration

Golden Star Resources Ltd

No

December, 2014

BSc, MAusIMM(CP)

Section 6 to 13

Neil Marshall

Corporate Consultant (Geotechnical)

SRK Consulting (UK) Ltd

Yes

October, 2014

CEng, MSc(DIC), MIoM3

Section 15 (Geotechnical)

Chris Bray

Principal Consultant (Mining Engineer)

SRK Consulting (UK) Ltd

Yes

January, 2013

BEng, MAusIMM(CP)

Section 15 (Open Pit)

Rod Redden

Principal Consultant (Mining Engineer)

SRK Consulting (UK) Ltd

Yes

October, 2014

BEng, MBA, MAusIMM (CP)

Section 15 (Underground)

Paul Riley

Principal Consultant (Mineral Processing)

SRK Consulting (UK) Ltd

Yes

October, 2014

CEng, FIMMM

Section 12, 16

Visited Site

Sections of the Report

Other Experts who assisted the Qualified Persons
Expert

Position

Employer

Martin Raffield

Senior Vice President Project Develop
and Technical Services

Golden Star Resources Ltd

No

December, 2014

All

Dr Oy Leuangthong

Principal Consultant (Geostatistics)

SRK Consulting (Canada) Ltd

Yes

no visit

Mineral Resources

Yan Bourassa

Director Business Development

Golden Star Resources Ltd

No

April, 2014

Geology

Kristina Huss

Consultant (Mining Engineer)

SRK Consulting (UK) Ltd

Yes

October, 2014

Mine Design & Scheduling

Keith Joslin

Principal Consultant (Due Diligence)

SRK Consulting (UK) Ltd

Yes

no visit

Economic Analysis

Golden Star Resources Ltd

No

October, 2014

Environmental Overview

SRK Consulting (UK) Ltd

Yes

no visit

Environmental Review

Philipa Varris
Jane Joughin

Vice President (Corporate Social
Responsibility and Environmental Affairs)
Corporate Consultant (Environmental &
Social Management)

Independent of GSR

Tony Rex

Corporate Consultant (Hydrogeology)

SRK Consulting (UK) Ltd

Yes

February, 2014

Hydrogeology Review

Kris Czajewski

Principal Consultant (Tailings)

SRK Consulting (UK) Ltd

Yes

no visit

Tailings Review

Footnote 1: Mr Beare has not inspected the property due to personal constraints, however, he has relied on other qualified persons from SRK who have inspected the property and he has assumed overall responsibility for the
technical report.
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Limitations, Reliance on SRK, Declaration, Consent, Copyright and
Cautionary Statements
SRK’s opinion contained herein and effective December 31, 2014 is based on information
collected and completed by SRK throughout the course of the FS, which in turn reflect various
technical and economic conditions at the time of writing. Given the nature of the mining
business, these conditions can change significantly over relatively short periods of time.
Consequently, actual results may be significantly more or less favourable.
This report may include technical information that requires subsequent calculations to derive
sub-totals, totals and weighted averages. Such calculations inherently involve a degree of
rounding and consequently introduce a margin of error. Where these occur, SRK does not
consider them to be material.
SRK is not an insider, associate or an affiliate of GSR, and neither SRK nor any affiliate has
acted as advisor to GSR, its subsidiaries or its affiliates in connection with this project. The
results of the technical review by SRK are not dependent on any prior agreements concerning
the conclusions to be reached, nor are there any undisclosed understandings concerning any
future business dealings.
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RELIANCE ON OTHER EXPERTS (ITEM 3)
The information reviewed in this report has largely been provided directly by GSR and has
been produced either by GSR or by its sub-consultants. In addition to SRK (Canada)’s
contribution to the Mineral Resource Estimate (“MRE”) area of the Wassa project, the other
major contributor has been Knight Piesold (“KP”) consultants, which has undertaken the bulk
of the surface geotechnical investigations and design for the tailings management.
Environmental and social information was provided by GSR staff.
SRK has reviewed reports prepared by GSR and KP and has undertaken sufficient verification
work to give its independent opinion on these.
SRK has confirmed that the Mineral Resources reported herein are within the licence
boundaries given below. SRK has not performed an independent verification of land title and
tenure as summarized in Section 3 of this report. SRK did not verify the legality of any
underlying agreement(s) that may exist concerning the permits or other agreement(s) between
third parties.
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3

PROPERTY DESCRIPTION AND LOCATION (ITEM 4)

3.1

Location and Land Tenure
The Wassa Mine is located near the village of Akyempim in the Wassa East District, in the
Western Region of Ghana. It is located 80 km north of Cape Coast and 150 km west of the
capital Accra. The property lies between latitudes 5°25’ and 5°30’ north and between
longitudes 1°42’ and 1°46’ east. The location of the Wassa Mine is shown on Figure 3-1 and
Figure 3-2.
GSWL currently holds three mining leases, namely Wassa, Hwini Butre, and Benso. In
addition, the company holds several prospecting leases in the region. The mining and
prospecting lease details are summarized in Table 3-1 and Table 3-2.

Figure 3-1:

Location of Wassa (red star) in the regional context of Ghana and West
Africa showing principal infrastructure and population centres
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GSWL and GSR mining and exploration concessions in Ghana (GSR,
2013)
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GSWL Mining Leases, Prospecting Leases and Mining Permits

Permit / Lease

Permit No.

Agency
Minerals
Commission

Date of Issue

Expiry Date

17/09/1992

16/09/2022

Wassa Mining Lease

LVB 87618/94

GSWL Mining
Operating Permit for
LVB 87618/94

00001623/15

Inspectorate
Division

7/01/2015

31/12/2015

Benso Mining Lease

LVB 26871/07

Minerals
Commission

27/09/2007

26/09/2019

00001624/15

Inspectorate
Division

7/01/2015

31/12/2015

LVB1714/08

Minerals
Commission

11/01/2008

01/10/2018

00001625/15

Inspectorate
Division

7/01/2015

31/12/2015

Accra New Town
Prospecting

LVB 15568/07
(RL.2/99)

Minerals
Commission

11/10/2004

13/11/2012

Dwaben (Safric)
Reconnaissance

LVB1624/06

Minerals
Commission

02/02/2006

01/10/2012

N/A

Forestry
Commission

14/12/2006

30/06/2007

LVB 9113094 (PL.3/61)

Minerals
Commission

27/09/2007

18/11/2010

Oseneso 1 & 2
Prospecting

LVB 13975/06

Minerals
Commission

08/09/2006

01/03/2011

Mining Permit

#0014759/14

17/01/2014

31/12/2015

7/01/2015

31/12/2015

7/01/2015

31/12/2015

7/01/2015

31/12/2015

GSWL Mining
Operating Permit for
LVB 26871/07
Hwini Butre Mining
Lease
GSWL Mining
Operating Permit for
LVB 1714/08

Wassa Prospecting
/Exploration permit
in the Subri River
Forest Reserve

Benso (ChichiwilliAmantin) Prospecting

Licence to Store
Explosives (Benso)
Licence to Store
Explosives (Benso)
Explosives Ordinance
(HBB)
Licence to Store
Explosives
(Akyempim)
Licence to Store
Explosives
(Akyempim)

#0004157/15
#0004156/15
#008353/15

Inspectorate
Division
Inspectorate
Division
Inspectorate
Division
Inspectorate
Division

#0004158/15

Inspectorate
Division

7/01/2015

31/12/2015

#0004159/15

Inspectorate
Division

7/01/2015

31/12/2015
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Table 3-2:

Additional Detail on GSWL Mining Leases

Property

Tenement Name

Tenement No.

Area (km2)

Granted

Renewal

Wassa

Wassa Mining
Lease

LVB 7618/94

52.89

17/09/92

16th September, 2022

27/09/07

26/09/11
Renewed ML document signed by
GM & Secretary with company
seal. Document returned to
Mincom on 20th June 2012 for
Minister’s signature. Renewal for 7
years from date of ministers
signature

11/01/08

10/01/12
Renewed ML document received
from Mincom on 20th June 2012 for
Secretary/GM’s signatures and
company seal. Renewal for 5 years
from date of ministers signature

Wassa

Wassa

Benso Mining
Lease

Hwini Butre Mining
Lease

LVB 26871/07

LVB1714/08

20.38

40.00

The map in Figure 3-3 shows the location of the various GSR/GSWL exploration properties
and mining leases, which incorporate the deposits listed as follows:
•

Wassa mining lease: Wassa Main is an operating open pit gold mine comprising the
following mineralization domains: F Shoot, 419, B Shoot, 242, Starter, South-East, MidEast and Dead Man’s Hill (“DMH”). SAK comprises a number of deposits to the West of
Wassa Main, which are no longer mined.

•

Benso mining lease: comprising the Subriso East (“SE”), Subriso West (“SW”), G-Zone,
C-Zone and I-Zone deposits.

•

Hwini Butre mining lease: comprising the Father Brown, Adoikrom and Dabokrom
deposits, with only Father Brown having remaining open pit reserves.

•

Chichiwelli exploration property: comprising two mineralized zones, Chichiwelli West
(“West Domain”) and Chichiwelli East (“East Domain”).

•

Manso exploration property, located adjacent to Benso, to the east.

The properties and leases are spread out along a line trending approximately 80 km
southwest of the Wassa mine complex SRK considers that there are sufficient access and
surface rights for the operation and does not anticipate any risks to site access or to the title of
the leases.
Figure 3-3 shows the location of the mining lease boundaries in relation to the location of the
main GSWL mine workings at Wassa, Hwini Butre and Benso. The mine infrastructure,
including waste dumps and tailings storage facility, lies within the limits of the current lease
boundaries.
SRK notes that the mining leases are subject to royalties in accordance with the laws of the
Republic of Ghana which applies a levy on revenue of 5%. Further detail is provided in
Section 21.2.
GSR requires an Environmental Permit from the Environmental Protection Agency (“EPA”) to
move from exploration to full underground mine production. Additionally, the Mining Operating
Plan, required by the Minerals Commission, will need to be updated and approved.
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GSWL
Mining
Licenses

Figure 3-3:

3.2

Location of principal operations and local infrastructure in relation to
concession boundaries at GSWL (GS Exploration, 2012)

Environmental Approvals and Liabilities
Information on environmental approvals and environmental liabilities is presented in Section
19.
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4

ACCESSIBILITY, CLIMATE, LOCAL RESOURCES,
INFRASTRUCTURE AND PHYSIOGRAPHY (ITEM 5)

4.1

Access to Property
The Wassa Mine is located near the village of Akyempim in the Wassa East District in the
Western Region of Ghana. It is 62 km north of the district capital, Daboase, and 40 km east of
Bogoso. It is located 80 km north of Cape Coast and 150 km west of the capital Accra. The
main access to the site is from the east, via the Cape Coast to Twifo-Praso road, then over the
combined road-rail bridge on the Pra River. There is also an access road from Takoradi in the
south via Mpohor.

4.2

Local Resources and Infrastructure
There are four other mines in the vicinity of Tarkwa; namely, Ghana Manganese Company –
Nsuta Mine, Anglo Gold Ashanti Iduapriem Gold Mine and Goldfields Ghana Limited Damang and Tarkwa mines.
The Wassa Mine itself is located in the Wassa Mining Lease within the Subri-Akyempim
2
Concession, which covers an area of 57 km .
Wassa Mine is currently an operating open pit mining complex yielding approximately 1.2 Mt
of total material per month, therefore, the required services, infrastructure, and community
support are already in place. The following are relevant to the assessment of resources and
infrastructure:

4.3

•

Access to the project is via the public road network that extends on to the site;

•

Electricity and water are available;

•

Surface infrastructure in the area consists of a variety of government, municipal, and
other roads with good overall access;

•

Processing will be carried out at the existing GSWL processing plant;

•

Tailings will be stored in the existing GSWL tailings storage facility and the new tailings
storage facility approved in April 2013;

•

Waste rock generated at the site will be placed in existing waste dumps, adjacent to the
Wassa open pit; and

•

The extensive history of mining in Ghana provides opportunities to obtain skilled
underground mine workers.

Climate and Length of Operating Season
The climate in the project area is classified as wet semi-equatorial. The Inter Tropical
Convergence Zone (“ITCZ”) crosses the area twice a year, resulting in a bi-modal rainfall
pattern, with peaks in March to July and September to October. During the dry season months
of November to February, the climate is heavily influenced by the dry, dust-laden, northwest
trade wind, known locally as the Harmattan, which blows from the Sahara desert.
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Analysis of available rainfall data, obtained from the Ateiku Meteorological survey (1944 to
2009) indicates that the average annual rainfall is 1,996 ± 293 mm. The wettest month of the
year is generally June, with an average rainfall of about 241 ± 85 mm, whilst January is the
driest month of the year with an average rainfall of about 31 ± 35 mm. The wettest month on
record is June 2009, when 475 mm of precipitation was recorded. Rainfall is mainly influenced
by south-west monsoon winds, which blow from the south-western part of the country towards
the north-east.
Using data from the GSWL weather station, the average annual rainfall has been estimated at
about 1,750 mm. A drier period, which is influenced predominantly by a sweep of the Northeast traded winds, is experienced between the month of November and February.
Annual potential evapotranspiration is estimated to be approximately 1,337 mm/yr, indicating a
minimum precipitation excess of 288 mm/yr. Rainfall exceeds potential evapotranspiration
from March to July and September to October, and groundwater recharge is most likely to be
prevalent during these periods. Relative humidity is fairly constant throughout the year,
ranging from 88% to 90%.
Under such climatic conditions surface mining operations can continue year round with short
breaks during storms, most of which are short-lived and may be experienced throughout most
of the year. Underground mining operations will not be directly affected by storms as long as
effective storm water management infrastructure is in place at surface to divert runoff from
mine accesses.

4.4

Topography and Vegetation
The project area is characterized by gently rolling hills with elevations up to 1000 and
1100 m RL, incised by an extensive drainage network. The natural vegetation of the Wassa
project area is an ecotone of the moist, semi-deciduous forest and wet rainforest zones. It has
been degraded due to anthropogenic activities, giving way to broken forest, thickets of
secondary forest, forb re-growth, swamps in the bottom of valleys, and cleared areas.
Extensive subsistence farming occurs throughout the area, with plantain, cassava, pineapple,
maize, and cocoyam being the principal crops. Some small scale cultivation of commercial
crops is also carried out, with cocoa, teak, coconuts and oil palm being the most common.
Forests patches are present on the steep slopes and in areas unsuitable for agriculture.
Environmental assessments carried out in the project area over the last two decades (SGS
1996, 1998, WGL 2006, GSWL 2010 and Geosystems 2013) indicate that the biodiversity of
the Wassa operational area is of low ecological significance and conservation status (GSWL
2013).
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5 HISTORY (ITEM 6)
5.1

Ownership
The Wassa area has witnessed several periods of local small scale and colonial mining
th
activity from the beginning of the 20 century and mining of quartz veins and gold bearing
structures are evident from the numerous pits and adits covering the Wassa lease area.
From 1988, the property was operated as a small scale mining operation with a gravity gold
recovery circuit by a Ghanaian company, Wassa Mineral Resources Limited. In 1993, Wassa
Mineral Resources was looking for a capital partner to further develop the mining lease, and
invited the Irish companies Glencar Exploration Limited (“Glencar”) and Moydow Ltd to visit
the concession. Following this visit, Satellite Goldfields Limited (“SGL”) was formed between
Wassa Mineral Resources, Glencar and Moydow Ltd. The mining lease, which is valid for a 30
year period expiring in 2022, was assigned by Wassa Mineral Resources Limited to SGL.
Extensive satellite imagery and geophysical interpretations were carried out, which identified a
strong gold target (>1 g/t Au). Exploration drilling commenced in February 1994, and by March
1997 a total of 58,709 m of reverse circulation and diamond drilling had been completed. In
September 1997, consulting engineers Pincock, Allen and Holt completed a Feasibility Study,
which determined a proven and probable mineable reserve of 17.6 Mt at 1.7 g/t Au, for a total
of 932,000 contained ounces of gold. The reporting code, and key assumptions and
parameters used to report this historical MRE are not known and a Qualified Person has not
done sufficient work to classify this historical estimate as a current mineral resource or mineral
reserve. Hence, the Company is not treating the historical estimate as a current mineral
resource or mineral reserve. Construction of the Wassa Mine was initiated in September 1998
after Glencar secured a US$42.5 m debt-financing package from a consortium of banks and
institutions.
The Wassa Mine was originally developed as a 3 Mtpa open pit heap leach operation with a
forecasted LoM gold production of approximately 100,000 ounces per annum. The first
material from the pit was mined in October 1998. After approximately one year of production, it
became evident that the predicted heap leach gold recovery of 85% could not be achieved,
mainly due to the high clay content of the resource and poor solution management. After a
number of attempts to improve the recovery, including increased agglomeration and doubling
the leach solution application rate, it was concluded that the achievable gold recovery by heap
leach was between 55% and 60%. The combined effect of the lower than planned gold
recovery and lull in the gold price at the time resulted in the company not being able to service
its debt to the creditors. In early 2001, the creditors together with Glencar decided to sell the
project to recover some of the accumulated debt. Mining was stopped at the end of October
2001 and irrigation of the heap leach with cyanide solution continued until March 2002, after
which rinsing of the heaps with barren solution continued until August 2002.
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When the secured senior creditors exercised security over the project in 2001, the project was
put up for sale and GSR was invited, amongst other parties, to conduct a due diligence on the
operation. In November 2001, negotiations were started to acquire the Wassa assets. As part
of a final due diligence on the resources, GSR undertook a structural evaluation and drilling
program between December 2001 and April 2002. Upon completion of the acquisition of
Wassa Mine by GSR, a further exploration program was undertaken. Both these exploration
programs formed part of a FS that was completed in July 2003, which demonstrated the
economic viability of reopening and expanding the existing open pits, and processing the
material through a conventional Carbon-in-Leach (“CIL”) circuit. Wassa has been operating as
a conventional CIL milling operation since late April 2005. A summary of production from the
Wassa mine is presented in Table 15-1 in Section 15.2.1 of this report.
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6

GEOLOGICAL SETTING AND MINERALIZATION (ITEM 7)

6.1

Regional Geology
The regional geological setting of the Ashanti belt has been described by several authors
previously. The most recent publication describing the geological setting of the sub-region was
from Perrouty et al., in Precambrian Research in 2012.
The Ashanti greenstone belt in the Western Region of Ghana is composed primarily of
paleoproterozoic metavolcanic and metasedimentary rocks that are divided into the Birimian
Supergroup (Sefwi and Kumasi Groups) and the Tarkwa Group. Both units are intruded by
abundant granitoids (Figure 6-1) and host numerous hydrothermal gold deposits such as the
Wassa, Obuasi, Bogoso and Prestea mines and paleoplacer deposits such as the Tarkwa and
Teberebie Mines.
Allibone et al. (2002) separated the Paleoproterozoic Eburnean orogeny into two distinct
phases known as Eburnean I and II, this classification was revised by Perrouty et al. in 2012
and proposed two distinct orogenic events, the Eoeburnean orogeny and the Eburnean
orogeny. The Eoeburnean orogeny predates the deposition of Tarkwaian sediments and is
associated with a major period of magmatism and metamorphism in the Sefwi Group
basement. The Eburnean event is associated with significant post-Tarkwaian deformation that
affected both the Birimian Supergroup and overlying Tarkwaian sediments. The Eburnean
orogeny is associated with major northwest to southeast shortening that developed major
thrust faults, including the Ashanti Fault along with isoclinal folds in Birimian metasediments
and regional scale open folds in the Tarkwaian sediments. These features are overprinted by
phases of sinistral and dextral deformational events that reactivated the existing thrust faults
and resulted in shear zones with strong shear fabrics.
The Birimian series was first described by Kitson (1918) based on outcrops located in the
Birim River (around 80 km east of the Ashanti Belt). Since this early interpretation, the Birimian
stratigraphic column has been revised significantly. Before the application of geochronology,
the Birimian super group was divided in an Upper Birimian group composed mainly of
metavolcanics and a Lower Birimian group corresponding to metasedimentary basins.
Subsequent authors have proposed synchronous deposition of Birimian metavolcanics. Most
recently, Sm/Nd and U/Pb analyses have reversed the earlier stratigraphic interpretation with
the younger metasediments overlying the older metavolcanics. Proposed ages for the
metavolcanics vary between 2,162 ± 6 Ma and 2,266 ± 2 Ma. Detrital zircons in the
metasediments indicate the initiation of their deposition between 2,142 ± 24 Ma 2,154 ± 2 Ma.
The Kumasi Group was intruded by the late sedimentary Suhuma granodiorite at 2,136 ± 19
Ma (U/Pb on zircon, Adadey et al., 2009).
The Tarkwa super group was first recognized by Kitson (1928) and consists of a succession of
clastic sedimentary units, which have been divided in four groups by Whitelaw (1929) and
Junner (1940). The Kawere Group located at the base of the Tarkwaian super group is
composed of conglomerates and sandstones with a thickness varying between 250 m and 700
m. The unit is stratigraphically overlain by the Banket Formation, which is characterized by
sequences of conglomerates interbedded with cross-bedded sandstone layers, the maximum
thickness of this group being 400 m. The conglomerates are principally composed of Birimian
quartz pebbles (>90%) and volcanic clasts (Hirdes and Nunoo, 1994) that host the Tarkwa
Placer deposits. The Banket formation is overlain by approximately 400 m of Tarkwa Phyllites.
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The uppermost unit of the Tarkwa super group is the Huni Sandstone, comprised of
alternating beds of quartzite and phyllite intruded by minor dolerite sills that form a package up
to 1,300 m thick (Pigois et al., 2003). U/Pb and Pb/Pb geochronology dating of detrital zircons
provide a maximum depositional age of 2,132 ± 2.8 Ma for the Kawere formation and 2,133 ±
3.4 Ma for the Banket formation (Davis et al., 1994; Hirdes and Nunoo, 1994). These ages
agree with the study by Pigois et al. (2003) that yielded maximum depositional age of 2,133 ±
4 Ma from 71 concordant zircons of the Banket formation. According to all concordant zircon
histograms (161 grains) and their uncertainties, a reasonable estimation for the start of the
Tarkwaian sedimentation could be as young as 2,107 Ma.
Abundant granites and granitoids intruded the Birimian and Tarkwaian units during the
Paleoproterozoic. Eburnean plutonism in southwest Ghana can be divided into two phases
between 2,180 to 2,150 Ma (Eoeburnean) and 2,130 to 2,070 Ma (Eburnean) that is supported
by the current database of U/Pb and Pb/Pb zircon ages. Most of the granitoids intruded during
both phases correspond to typical Tonalite–Trondhjemite–Granodiorite (“TTG”) suites.
However, in the southern part of the Ashanti Belt, intrusions within the Mpohor complex have
granodioritic, dioritic and gabbroic compositions.
Dolerite dykes oriented north-south and East northeast to West southwest that are generally
less than 100 m in thickness are abundant across the West African craton where they crosscut Archean and Paleoproterozoic basement. In southwestern Ghana these dykes are well
defined in magnetic data where they are characterised by strong magnetic susceptibility.
Dolerite dykes are observed to cross-cut undeformed K-feldspar rich granites that formed
during the late Eburnean, and are overlain by Volta basin sediments with a maximum
depositional age of 950 Ma (Kalsbeek et al., 2008). These relationships constrain dyke
emplacement to between 2,000 Ma and 950 Ma. In contrast some older dolerite/gabbro dykes
and sills were deformed during the Eburnean orogeny and are dated at 2,102 ± 13 Ma (U/Pb
on zircon, Adadey et al., 2009).
With the exception of some late Eburnean granitoids, dolerite dykes and Phanerozoic
sediments, all other lithologies have undergone metamorphism that generally does not exceed
upper greenschist facies. Studies on amphibole/plagioclase assemblages suggest the peak
temperature and pressure was 500 to 650 ◦C and 5 to 6 kbar (John et al., 1999), dated at
2092 ± 3 Ma (Oberthür et al., 1998).

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 16 of 294

May 2015

SRK Consulting

Figure 6-1:

6.2

Wassa FS - Main Report

Location of the Wassa Mine with the geology of the Ashanti Belt
(Perrouty et al., 2012).

Local Geology

6.2.1 Introduction
The Wassa property lies within the southern portion of the Ashanti Greenstone Belt along the
eastern margin of the belt within a volcano-sedimentary assemblage located at proximity to
the Tarkwaian basin contact. The eastern contact between the Tarkwaian basin and the
volcano-sedimentary rocks of the Sefwi group is faulted, but the fault is discrete as opposed to
the western contact of the Ashanti belt where the Ashanti fault zone can be several hundred
meters wide. Deposition of the Tarkwaian sediments was followed by a period of dilation and
the intrusion of late mafic dykes and sills.
The lithologies of the Wassa assemblage are predominantly comprised of mafic to
intermediate volcanic flows which are interbedbed with minor horizons of volcaniclastics,
clastic sediments such as wackes and magnetite rich sedimentary layers, most likely banded
iron formations. The volcano-sedimentary sequence is intruded by syn-volcanic mafic
intrusives and felsic porphyries.
The magnetic signature of the Ashanti belt is relatively high in comparison to the surrounding
Birimian sedimentary basins such as the Kumasi basin to the west of the Ashanti belt and the
Akyem Basin to the East as illustrated in Figure 6-2.
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Total magnetic intensity reduced to pole of the Ashanti Belt (Modified
from Perrouty et al, 2012)

Rock assemblages from the southern area of the Ashanti belt were formed between a period
spanning from 2,080 to 2,240 Ma as illustrated in Figure 6-4, with the Sefwi Group being the
oldest rock package and the Tarkwa sediments being the youngest. The Ashanti belt is host to
numerous gold occurrences, which are believed to be related to various stages of the
Eoeburnean and Eburnean deformational event. Structural evidences and relationships
observed at in drill core and pits at Wassa would suggest the mineralization to be of
Eoeburnean timing while other known deposits in the southern portion of the Ashanti belt such
as Chichiwelli, Benso and Hwini Butre are considered to be of Eburnean age.
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Figure 6-3:
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Compilation of geochronology dating from the Ashanti Belt (Perrouty et
al, 2012)

The Eoeburnean deformation is best observed at Wassa where the deformational event has
produced a penetrative foliation with an associated lineation which is defined by mineral
alignments. A period of extension occurred between the Eoeburnean and Eburnean
deformational events which resulted in the formation of the Akyem Basin (Kumasi Group) to
the northeast of the Wassa Mine and the Tarkwa group to the west of the Wassa concession.
Both metasedimentary sequences of the Takwa and Kumasi group have not been affected by
the penetrative foliation observed at Wassa.
The Eburnean deformation is divided in multiple events which vary in number depending on
the authors as summarized in Figure 6-4. All deposits underlying the Wassa concession have
been affected by the Eburnean deformational events, the main penetrative foliation has been
affected by at least three Eburnean folding events which have resulted in a large scale
refolded synform. The main foliation is sub-vertical and oriented northeast to southwest on the
southeastern flank of the Wassa mine fold whereas it is dipping at around 45° to the southsoutheast on the northwest flank of the Wassa mine fold.
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Compilation of deformational history of the Ashanti Belt (Perrouty et al, 2012)
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6.2.2 Wassa Mine Geology and Mineralization
The Wassa lithological sequence is characterized by lithologies belonging to the Sefwi Group
and consisting of intercalated meta-mafic volcanic and meta-diorite dykes with altered metamafic volcanic and meta-sediments which are locally characterized as magnetite rich, Banded
Iron Formation (“BIF”) like horizons (Bourassa, 2003), as illustrated in Figure 6-5. The
sequence is characterized by the presence of multiple ankerite-quartz veins which are subparallel to the main penetrative foliation. The lithological sequence is also characterized by
Eoeburnean felsic porphyry intrusions on the south-western flank of the Wassa mine fold.

Figure 6-5:

Wassa Mine geology (Modified from Bourassa, 2003 and Perrouty et al
2013)
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The first deformational event (D1) at Wassa is of Eoeburnean timing and consists of NorthSouth Shortening. This pre-Tarkwaian event resulted in a penetrative foliation which
transposed lithological contacts along this main foliation. Early, gold bearing, synD1 quartzankerite veins were also formed during the Eoeburnean event.
The second event of deformation (D2) is an extension period with no local deformation at the
mine scale at Wassa. Regionally, this event separates the Eoeburnean and Eburnean orogeny
by an extension period of approximately 40 Ma which resulted in the sedimentation of the
Birimian and Tarkwaian basins.
The Eburnean orogeny is divided in three distinct deformational events, D3 is a NorthwestSoutheast shortening event which resulted in the inversion of regional detachment faults into
thrust faults. At the mine scale, this event generated a second penetrative foliation at Wassa
and a first phase of Eburnean folding. The D4 deformational event, a North Northwest-South
Southeast shortening event resulted in the sinistral reactivation of earlier faults at the regional
scale and severely buckled the Wassa stratigraphic sequence into moderately steeply dipping,
tight fold patterns (F4 Fold) and a third penetrative foliation (S4).The last deformational event,
D5, is the result of sub-vertical compression which resulted in open recumbent folds at Wassa
and a fourth foliation located in the axial plane of the F5 folds and is generally sub-horizontal,
shallowly plunging to the South. The various phases of Eburnean deformations and their effect
on the host rocks are illustrated in Figure 6-6. Also, large scale F3 and F4 folds can be
observed on vertical sections in Figure 6-8.
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Various Eburnean folds and foliations from the Wassa Mine starter pit,
top picture are syn-D1 veins and S1 foliation folded by an F3 fold,
bottom picture, syn-D1 veins and S1 and S3 foliations affected by a
mesoscopic F4 fold.
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Various Eburnean folds and foliations from the Wassa Mine B-Shoot Pit,
top picture are syn-D1 veins folded and buckled by the S5 foliation,
bottom picture, syn-D1 veins affected by both the S4 and S5 foliations.
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Figure 6-8:
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Vertical section 19975N of the Wassa Main deposit showing the folded
nature of the lithological sequence during the Eburnean D3 and D4
deformational events.

The Wassa mineralization is subdivided into a number of domains, namely; F Shoot, B Shoot,
242, South East, Starter, 419, Mid East and Dead Man’s Hill. Each of these represents
discontinuous segments of the main mineralized system which extends for approximately 3.5
km along strike from surface and is still open at depth. The SAK deposits are located
approximately 2 km to the southwest of the Wassa Main deposit on the northern end of a welldefined mineralized trend parallel to the Wassa Main trend. The mineralization is hosted in
highly altered multi-phased greenstone-hosted quartz-carbonate veins interlaced with
sedimentary pelitic units. The SAK mineralization is subdivided into a number of domains as
well, SAK 1, 2 and 3.
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Mineralization within the Wassa Mine is structurally controlled and related to vein densities
and sulphide contents. In detail, the mineralization generally consists of broadly tabular zones
containing dismembered and folded ribbon-like bodies of narrow quartz vein material, zones
are typically 10 m to 50 m wide within a 900 m mineralized corridor as illustrated in Figure 6-9.
Three vein generations have been distinguished on the basis of structural evidence, vein
mineralogy, textures and associated gold grades. Evidence further relates the majority of gold
mineralization to the earliest recognized vein generation which is believed to be synEoeburnean. Gold grades broadly correlate with the presence of quartz-dolomite/ankeritetourmaline bearing quartz veins and the presence of sulphide minerals (predominantly pyrite)
within and around the quartz veins. Gold grades appear to be spatially restricted to the quartz
veins, vein selvages and the immediate wall rocks. The alteration haloes developed around
the veins and pervasively developed within the core of the Wassa Fold contain lower grade
mineralization. The combined and overprinted Eburnean deformational events (D3 to D5)
render precise prediction of the vein geometries and localities difficult in areas remote from
drillhole data. While the general peripheries of the mineralized zones can be defined
reasonably well with the drillhole data, the internal geometry is difficult to resolve with
confidence.

Figure 6-9:

Vertical section 20000N of the Wassa Main deposit showing the tabular
nature of the ore zones.
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DEPOSIT TYPES (ITEM 8)
The Wassa deposit is located on the eastern flank of the northeast trending Ashanti Belt, a
Paleoproterozoic greenstone belt which was formed and deformed, along with the dividing
Birimian and Tarkwaian sedimentary basins during the Eoeburnean and Eburnean orogeny.
Most deposits found within the Ashanti belt can be classified as lode gold deposits or orogenic
mesothermal gold deposits, with the exception of the Tarkwaian paleoplacer deposits which
have a sedimentary origin. Orogenic gold deposits are the most common gold systems found
within Archean and Paleoproterozoic terrains, in the West African shield, these deposits are
typically underlain by geology considered to be of Eburnean age and are generally hosted by
volcano-sedimentary sequences.
B. Dubé and P. Gosselin of the Geological Survey of Canada described these deposits as
greenstone-hosted quartz-carbonate vein deposits in the 2007 special publication No.5
entitled Mineral Deposits of Canada. The authors described these deposits as typically
occurring in deformed greenstone belts and distributed along major compressional crustal
scale fault zones commonly marking the convergent margins between major lithological
boundaries. The greenstone-hosted quartz-carbonate vein deposits correspond to structurally
controlled complex deposits characterized by networks of gold-bearing, laminated quartzcarbonate fault-fill veins. These veins are hosted by moderately to steeply dipping,
compressional brittle-ductile shear zones and faults with locally associated shallow-dipping
extensional veins and hydrothermal breccias. In these deposits, gold is mainly confined to the
quartz-carbonate veins, but can also occur within iron-rich sulphidised wall rocks or within
silicified and sulphide-rich replacement zones.
The Ashanti belt is considered prospective for orogenic mesothermal gold deposits and hosts
numerous lode gold deposits and paleoplacer deposits. As illustrated by Figure 7-1, several
major gold deposits are found within the Ashanti belt which can be classified into six different
deposit types:
1.

Sedimentary hosted shear zones

2.

Fault fill quartz veins

3.

Paleoplacer

4.

Intrusive hosted

5.

Late thrust fault quartz veins

6.

Folded veins system

The sedimentary hosted shear zone deposits are localised principally along a steep to subvertical major crustal structures located along the western margin of the Ashanti belt referred
to as the Ashanti trend. The Ashanti trend shows a range of mineralization styles associated
with graphitic shear zones, which represents the principal displacement zone of a regionalscale shear zone that defines the mineral belt. These styles include highly deformed graphitic
shear zones containing disseminations of arsenopyrite as the principal gold bearing phase and
disseminations of sulphides in mafic volcanic rocks generally found in the footwall of the main
shear zones. The sedimentary hosted shear zone deposits which occur along the Ashanti
trend include Bogoso, Obuasi, Prestea and Nzema.
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Geology of the Ashanti belt with location of major gold deposits.
(Modified from Perrouty et al, 2012)
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The second type of deposit found within the Ashanti belt are laminated quartz vein deposits
containing free gold. Fault filled quartz vein deposits also occur along the Ashanti trend but are
only present at Obuasi and Prestea. The third type of deposit are paleo-placer deposits within
the Tarkwaian sedimentary basin which are hosted within narrow conglomerate horizons
intercalated with sandstone units characterized by iron oxides cross beddings. Paleoplacer
deposits occur in the southern portion of the Tarkwa basin and examples include Tarkwa,
Teberebie and Iduaprim. The fourth type of deposit found within the Ashanti belt are intrusive
hosted deposits which occur along second order structures such as the Akropong trend in the
Kumasi basin and the Manso trend in the Southern portion of the Ashanti belt. These deposits
can be hosted both within felsic and mafic intrusives and are characterized by a penetrative
fabric where gold is associated with pyrite and arsenopyrite. Examples of such deposits
include Edikan and Pampe along the Akropong trend and Benso and Hwini Butre along the
Manso trend. The fifth type of deposit found within the Ashanti belt is late thrust fault
associated quartz vein deposits. The Damang mine which is located just west of Wassa is the
only known thrust fault related deposit in the Ashanti belt. The deposit is characterized by low
angle; undeformed extensional and tensional veins associated with low angle thrust Faults.
This type of deposit contrasts with the last type of deposit found with the belt, the multi-phase
folded Wassa vein deposit. The Wassa mineralization consists of greenstone-hosted, low
sulphide hydrothermal deposits where gold mineralization occurs within folded quartzcarbonate veins, as illustrated in Figure 7-2. The Wassa deposit can therefore be classified as
an Eoeburnean folded vein system and is the only such deposit recognized to date within the
Ashanti belt.
Host rocks in the Wassa mine area have been affected by at least four phases of ductile
deformation, producing a polyphase fold pattern at the mine scale. Discrete high-strain zones
locally dissect this fold system. The structural history of the Wassa area is important in that the
various deformational events have been responsible for the emplacement of the gold
mineralization as well as the geometry of the zones themselves. Mineralized zones at the
Wassa Mine are related to vein swarms and associated sulphides that formed during the
Eoeburnean deformational event. All rock types underlying the Wassa Mine appear to be
altered to variable degrees with the most common alteration consisting of a carbonate-silicasulphide assemblage.
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Syn-Eoeburnean veins from the B-Shoot, 242 and South-East zones at
the Wassa Mine refolded by Eburnean deformational events. (Modified
from Perrouty et al, 2013)
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8

EXPLORATION (ITEM 9)

8.1

Introduction
In addition to the drilling described in Section 9, extensive exploration work has been
conducted on and around the Wassa concession. Previously, several airborne and ground
geophysical surveys consisting of aero-magnetics, radiometrics and Induced Polarization
(“IP”) were conducted on the properties. The geophysical surveys targeted geochemical
anomalies, which had previously been identified following multiple stream and soil
geochemical sampling programs.

8.2

Wassa
Modern exploration programs on the Wassa concession began in the early 1990s with satellite
imagery and geophysical surveys which identified geophysical lineaments and anomalies over
small scale and colonial mining areas. Stream and soil geochemistry sampling programs were
conducted over the geophysical anomalies and identified two linear gold in-soil anomalies as
illustrated in Figure 8-1.

Figure 8-1:

Wassa Mine soil geochemistry anomalies

Exploration drilling commenced in February 1994, and by March 1997, a total of 58,709 m of
reverse circulation and diamond drilling had been completed. In September 1997, consulting
engineers Pincock, Allen and Holt completed an FS. Only minimal exploration work was
conducted by Satellite Goldfields between the completion of the FS in 1997 and the 2001
bankruptcy.
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In March 2002, GSR started an exploration program as part of a due diligence exercise
following the ratification of a confidentiality agreement with the creditor of Satellite Goldfields.
The exploration program consisted mainly of pit mapping and drilling below the pits to test the
continuity of mineralization at depth The concession was acquired later that year by GSR
following the completion of the due diligence exercise. Exploration drilling resumed in
November 2002 under GSR with the aim to increase the quoted reserves and resources for
the feasibility study, which was completed in 2003.
Simultaneously to the resource drilling program that targeted resource increases in the pit
areas, GSR also undertook grass roots exploration along two previously identified mineralized
trends. The 419 area was located south of the main pits and the South-Akyempim anomaly
was a soil target that had never been previously drilled and was located west of the main pits.
Deep auger campaigns were also undertaken in the Subri forest reserve, which is located in
the southern portion of the Wassa Mining lease.
In March and April 2004, a high resolution, helicopter geophysical survey was carried out over
the Wassa Mining Lease and surrounding Prospecting and Reconnaissance Licenses (Figure
8-2). Five different survey types were conducted, namely: Electromagnetic, Resistivity,
Magnetic, Radiometric and Magnetic Horizontal Gradient. The surveys consisted of 9,085 km
2
of flown lines covering a total areal of 450 km . Flight lines were flown at various line spacing
varying between 50 to 100 m depending on the survey type. The geophysical surveys
identified several anomalies with targets being prioritized on the basis of supporting
geochemical and geological evidences.
The exploration program in 2005 continued to focus on drill testing anomalies identified by the
airborne geophysical survey as well as infill drilling within the pit area to expand the reserve
and resource base. The resource definition drilling program focused mainly on SouthAkyempim, South-East and the 419 area. The following years were subject to more infill and
resource definition drilling in the pit areas at Wassa until the 2011 exploration program was
undertaken, at which point a shift toward drilling deep high grade targets below the pits
became the main focus of the exploration programs and remain the priority for the 2013 and
2014 programs.
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Wassa airborne magnetic interpretation (Modified from Perrouty et al,
2014, unpublished draft)
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9

DRILLING (ITEM 10)

9.1

Drilling
Drilling is carried out by a combination of Diamond Drill (“DD”), Reverse Circulation (“RC”) and
Rotary Air Blast (“RAB”) techniques. In general the RAB method is used at early stages for
follow up to soil geochemical sampling and during production for testing contacts and
mineralization extensions around the production areas and has a maximum drilling depth of
around 30 m. The RC pre-collar diamond core tail drilling is used as the main method for
obtaining suitable samples for Mineral Resource estimation and is carried out along drill lines
spaced between 25 and 50 m apart along prospective structures and anomalies defined from
soil geochemistry and RAB drilling results. RC drilling is typically extended to depths of in the
order of 100 to 125 m. The DD method is used to provide more detailed geological data and in
those areas where more structural and geotechnical information is required. Generally the
deeper intersections are also drilled using DD and, as a result, most section lines contain a
combination of RC and DD drilling.
RC and DD drilling were carried out in double shifts and during every shift a GSR geologist
was on site to align the drill rig and check the drill head dip and azimuth. Downhole surveying
was conducted using a Single Shot Camera (“SSC”), for RC and DD holes at the bottom of
holes exceeding 30 m depths and then taken progressively every 30 m up hole. The SSC
recorded the dip and azimuth for each of the surveys on a film image, this image was
validated and recorded by the GSR geologists or was recorded by a Reflex survey instrument
and captured in the database as well as being filed in the respective drillhole file folders on
site.
Drilling depths at Wassa Main have generally been less than 250 m but with the discovery of
st
higher grades below the Wassa Main pit in late 2011 hole depths have increased. In the 1
half of 2014, two gyro survey instruments were utilized to resurvey several of the deeper
holes. In total 153 holes, drilled during 2012 to 2014 were resurveyed. The gyro survey
readings were conducted every 10 m both in and out of the hole and the values were then
averaged. The 153 gyro surveyed holes were updated in the database and subsequently used
for the resource estimates. The gyro surveys showed that there was some deviation in the
holes below 250 m drilled depth. Deviations varied from location to location depending on drill
orientation with a general tendency for the hole to steepen and swing to the north.
A summary of the exploration data used in the Mineral Resource models is given in Table 9-1.
Table 9-1:
Location
Wassa

Summary of Exploration Data Used for the Mineral Resource Models
Type

Number of Holes

Meterage (m)

RC

2,398

208,756

DD

814

212,772

All of the drillhole collars were surveyed using a Nikon Total Station (DTM-332) or Sokkia
Total Station by a GSR surveyor. Individual RC and DD holes have been identified and
marked in the field with Polyvinyl chloride (“PVC”) pipes. RAB drill holes have been also
surveyed in the field and identified and marked with wooden pegs.
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Sampling
GSR follows a standardised approach to drilling and sampling on all its Ghanaian projects.
Sampling is typically carried out along the entire drilled length. For RC drilling, samples are
collected every 1 m. Where DD holes have been pre-collared using RC, the individual 1 m RC
samples are combined to produce 3 m composites which are then sent for analysis. Should
any 3 m composite sample return a significant gold grade assay, the individual 1 m samples
are then sent separately along with those from the immediately adjacent samples.
DD samples are collected, logged and split with a diamond rock saw in maximum 1m lengths.
The core is cut according to mineralization, alteration or lithology. The core is split into two
equal parts along a median to the foliation plane using a core cutter. The sampling concept is
to ensure a representative sample of the core is assayed. The remaining half core is retained
in the core tray, for reference and additional sampling if required.
RC sampling protocols were established in 2003. The composite length of 3 m has been
established to allow a minimum of at least two composites per drillhole intersection based on
experience from exploration drilling and mining. The hangingwall and footwall intersections
can generally be easily recognised in core from changes in pyrite content and style of quartz
mineralization. The 3 m composite sampling methodology is as follows:
•

A sample of each drilled meter is collected by fitting a plastic bag on the lower rim of the
cyclone to prevent leakage of material;

•

The bag is removed once the “blow-back” for the meter has been completed and prior to
the commencement of drilling the subsequent meter;

•

Both the large plastic sample bags and the smaller bags are clearly and accurately
labelled with indelible ink marker prior to the commencement of drilling. This is to limit
error and confusion of drilling depth while drilling is proceeding;

•

3 m composite samples are taken by shaking each of the 1 m samples (approximately 20
kg) and taking equal portions of the 3 consecutive samples into a single plastic bag to
form one composite sample (approximately 3 kg);

•

The composite samples are taken using tube sampling, which uses a 50 mm diameter
PVC tube which has been cut at a low oblique angle at one end to produce a spear of
approximately 600 mm length;

•

The technique assumes that a sample from the cyclone is stratified in reverse order to the
drilled interval. A representative section through the entire length of the collected sample
is considered to be representative of the entire drilled interval;

•

The PVC tube is shuffled from the top to bottom of the sample, collecting material on the
way. The “shuffling” approach ensures sample accumulated in the tube does not just
push the remaining sample away; and

•

The material in the tube is emptied into the appropriately labelled sample bag and in the
case of 3 m composite samples, stored separately from the 1 m samples.
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The 1 m sample collection methodology is as follows:
•

The 1 m re-sampling of selected mineralized composite zones using the 20 kg field
samples is undertaken with a single stage riffle splitter;

•

The splitter is clean, dry, free of rust, and damage is used to reduce the 20 kg sample
weight to a 3 kg fraction for analysis;

•

Care is taken to ensure that the sample is not split when it is transferred to the splitter,
and is evenly spread across the riffles;

•

When considered necessary, the sample is assisted through the splitter by tapping the
sides with a rubber mallet;

•

Excessively damp or wet samples are not put through the splitter, but tube-sampled or
grab-sampled in an appropriate manner. Alternatively, the sample is dried before splitting.
A common sense approach to wet sampling is adopted on a case by case basis;

•

Similarly, clods of samples are not forced through the splitter, but apportioned manually in
a representative manner; and

•

The splitter is thoroughly cleaned between each sample using a brush. Where possible,
the splitter is cleaned using an air gun attached to the drill rig compressor.

RAB samples are collected and bagged at 1 m intervals. As the samples are generally smaller
in size than the RC samples, 3 m composites are prepared by shaking the samples thoroughly
to homogenise the sample, before using the PVC tube to collect a portion of the three
individual 1 m samples. After positive results from the 3 m composites, the individual 1 m
samples are split to approximately 2 to 3 kg using the Jones riffle splitter and then submitted to
the laboratory for analysis.
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SAMPLE PREPARATION, ANALYSES, AND SECURITY (ITEM
11)

10.1 Sample Preparation
Sample preparation on site is restricted to core logging and splitting. The facilities consist of
enclosed core and coarse reject storage facilities, covered logging sheds and areas for the
splitting of RC and RAB samples. Sub-sampling of RC and RAB samples is carried out using a
Jones Riffle splitter.

10.2 Sample Despatch and Security
Samples are collated at the mine site after splitting and then transported to the primary
laboratory for the completion of the sample preparation and chemical analysis. Exploration
samples are trucked by road to the laboratories in Tarkwa.
Sample security involves two aspects, namely maintaining the chain of custody of samples to
prevent inadvertent contamination or mixing of samples, and rendering active tampering of
samples as difficult as possible.
The transport of samples from site to the laboratory is by road using a truck dispatched from
the laboratory. As the samples are loaded they are checked and the sample numbers are
validated. The sample dispatch forms are signed off by the driver and a company
representative. The sample dispatch dates are recorded in the sample database as well as the
date when results are received.
No specific security safeguards have been put in place by GSR to maintain the chain of
custody during the transfer of core between drilling sites, the core library, and sample
preparation and assaying facilities. Core and rejects from the sample preparation are archived
in secure facilities at the core yard and remain available for future testing.

10.3 Laboratory Procedures
Sample assays are then performed at either SGS Laboratories in Tarkwa (“SGS”) or
Transworld (now Intertek) Laboratories (“TWL”) which is also based in Tarkwa. GSR has used
both laboratories and regularly submits quality control samples to each for testing purposes.
Both laboratories are independent of GSR and are currently in the process of accreditation for
international certification for testing and analysis.
The sample preparation and analysis processes at Wassa Site Laboratory (“WSL”), TWL and
SGS differ slightly. WSL was used as the primary laboratory for 3 m composite and grade
control RC drill samples from July 2007 onwards. The laboratory had previously operated as a
metallurgical sample processing laboratory at the Wassa mine site.
The sample preparation and analysis process at WSL is as follows:
•

Sample reception, sorting, labelling and loading;

•

Dry entire sample (3 kg) at 110 to 140°C for between 4 and 8 hours;

•

Jaw crush entire sample to 3 mm, and secondary keegor crusher to 1 mm;

•

Split 3 kg sample and pulverize for 3 to 8 minutes to 95% passing 75 μm;
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•

Sample homogenisation using a mat rolling technique, and sub-sample 1kg into BLEG
roll bottle;

•

Bottle roll for 6 hours with LeachWell

•

Filter 20 ml aliquot from bottle;

•

DIBK extraction and AAS determination of gold content; and

•

1 in 10 residue samples are retained for gold determination using fire assay.

TM

accelerant. Allow to settle for 30 to 60 minutes;

TWL was the primary laboratory for samples until July 2007, when it was discontinued due to
the following issues:
•

Contamination due to poor dust control in pulverizing area of the laboratory. Use of dust
attracting cloth gloves for sample handling. BLEG aliquot preparation area containing dirt
and liquids, which may result in sample cross-contamination.

•

Large fluctuation in employee numbers (60 to 180), which resulted in a risk of training and
quality control issues when increasing employment numbers over a short period of time.

•

The use of a manual data tracking and capture system, which increased risk of data entry
errors. GSR considered this to be a sub-optimal process for a commercial laboratory.

•

The sample preparation and analysis process used for all samples submitted to TWL is
illustrated in Figure 10-1.
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TRANSWORLD LABORATORIES(GH) LTD.BLEG +Leachwell Sample Analysis Flow Sheet
Detection Limit 0.01 ppm Au
3-5 kg Sample
Sample Receival and sorting
Dry entire sample
at 110oC (12 hours)

Jaw crush entire sample
<6mm
Riffle split 3.0 to 4.0 Kg

Retain residual split in
original receival bag.
If sample weight is greater than 5kg

Pulverise subsample

cone splitting is recommended

<75um
Homogenise and weigh
2.0 Kg into BLEG roll bottle
Add:

Retain residual pulp in
pulp bag

30g Ca(OH)2
10ml of 200ppm CN solution(2g NaCN)
1000 ml water
1 LeachWell Tablet

Place on Bottle roller roll for 6 hours
Remove from roller and
allow to settle for 2 hours

Filter 50ml sub sample
into flask.

Wash Tails of 10th sample

Analysis for Gold by
Fire assay Method

Extract into 5ml of DIBK

Atomic
Absorption
Analysis
Data Processing
and Reporting

Figure 10-1:

TWL sample processing flowsheet
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The SGS laboratory in Tarkwa has been used for exploration samples since July 2007 with the
sample preparation and analysis process as follows:
•

Sample received, entered in LIMS, worksheets printed and samples sorted;

•

Samples emptied into aluminium dishes;

•

Dry entire sample at between 105 and 110°C for 8 hours;

•

Jaw crush entire sample to 6 mm;

•

Split sample using a single stage riffle splitter, to result in a 1.5 kg sub-sample;

•

Pulverise sub-sample for 3 to 5 minutes, to give 90% passing 75 μm;

•

Sample homogenisation using a mat rolling technique, and put 1 kg of sample into the
BLEG roll bottle;

•

The remainder of the sample is retained as pulp and crushed sample duplicates;

•

Bottle roll for 12 hours with LeachWell

•

Filter 50 ml of aliquot; and

•

Di-isobutyl Ketone (“DIBK”) and Atomic absorption spectroscopy (“AAS”) for gold grade
determination.

TM

accelerant. Allow to settle for 2 hours;

The measures implemented by GSR are considered to be consistent with industry best
practice.

10.4 Quality Control and Quality Assurance (“QAQC”) Procedures
Quality control measures are typically set in place to ensure the reliability and trustworthiness
of exploration data, and to ensure that it is of sufficient quality for inclusion in the subsequent
Mineral Resource estimates. Quality control measures include written field procedures and
independent verifications of aspects such as drilling, surveying, sampling and assaying, data
management and database integrity. Appropriate documentation of quality control measures
and analysis of quality control data are an integral component of a comprehensive quality
assurance program and an important safeguard of project data.
The field procedures implemented by GSR are comprehensive and cover all aspects of the
data collection process such as surveying, drilling, core and reverse circulation cuttings
handling, description, sampling and database creation and management. At Wassa, each task
is conducted by appropriately qualified personnel under the direct supervision of a qualified
geologist. The measures implemented by GSR are considered to be consistent with industry
best practice.
The quality control employed by GSR to verify the results obtained from the laboratories takes
the form of the following types of check sample:
•

Field Duplicates to check sampling precision and deposit variability. Two separate
samples are collected at the drill site and bagged separately from which two individual
samples are produced. The results of these checks can be useful in highlighting natural
variability of the grade distribution.
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•

Pulp Duplicates as a check of sampling precision and coarse gold in pulps. Two separate
pulp samples are prepared from a single coarse reject after sample splitting and on site
preparation. The results are useful in indicating problems with sample preparation and
splitting.

•

Repeats as a check of analytical precision and coarse gold. Two separate aliquots are
prepared from separate samples taken from the original coarse reject and the two
samples are then checked against one another.

•

Blanks for highlighting contamination problems and also cross labelling when samples
are mislabelled in the laboratory.

•

Standards as a check of analytical precision and accuracy.

10.5 Specific Gravity Data
Specific gravity (“SG”) determinations were carried out by GSR. SG is measured on
representative core samples from each drill run. This ensures representative specific gravity
data across all rock types irrespective of gold grade.
SG is measured at the core facility using a water immersion method. Each sample is weighed
in air, then coated in wax and weighed in air and immersed in water. A total of 606
determinations were collected on core samples.
The water immersion methodology is considered by SRK to provide accurate estimates of
variations in bulk specific gravity throughout the Wassa gold deposits. After testing each
sample is carefully replaced at its original location in the core box. SRK examined core from
several boreholes and no misplaced core pieces were identified.
Samples were selected from all the different lithologies intersected in the core of all the
available drill holes. The sampling procedure was guided by pit location, lithology, depth,
quartz contents (in oxide) and the oxidation state. A total of nineteen holes from Deadman’s
Hill, South East; Starter; 419, 242, B-shoot and F-Shoot were selected with the results
presented in Table 10-1.
Table 10-1:

Results of Specific Gravity

Material

# Samples

SG Value (g/cm3)

Standard Error

Oxide

213

1.8

2%

Transition

42

2.19

3%

Fresh

327

2.7

1%

Quartz Vein

24

2.56

1%

Another 13 samples consisting of oxide (9), trans (1), fresh (2) and quartz (1) were sent to the
Western University College (WUC, Tarkwa) as independent checks. The average results were
3
1.76, 2.29, 2.73 and 2.59g/cm respectively.
The specific gravity determinations are considered accurate as the reconciliations between the
mined tonnages and those estimated from the resource models reconcile well.
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DATA VERIFICATION (ITEM 12)

11.1 Introduction
SRK has not carried out any independent collection and verification of individual samples or
assay results. SRK has, however, obtained and reviewed the Quality Assurance Quality
Control (“QAQC”) results produced by GSR, its consultants and the laboratories themselves.
SRK has reviewed the core and samples available on site and cross-checked them against
the geological logs and assay records.
The quality of the results is generally considered good. GSR frequently sends “blind” test
samples to the laboratory and monthly batch results are analysed and any anomalous results
are queried immediately. A small number of anomalous and/or poor results have been noted
over the years, but these have been identified and the reasons fall into two main categories,
namely:
•

Mislabelling of individual samples, standards and blanks.

•

Individual batch issues corresponding to changes in the laboratory setup or calibration, in
these cases re-assay has been carried out.

11.2 Data verification by GSR
The field procedures implemented by GSR involve several steps designed to verify the
collection of exploration data and minimize the potential for inadvertent data entry errors. The
data entry and database management involves two steps punctuated by validation steps by
the logging geologist. All data is thoroughly checked prior to the incorporation into the project
GEMS database.
Analytical data is also routinely checked for consistency by GSR personnel. Upon reception of
digital assay certificates, assay results together with the control samples are extracted from
the certificates and imported into the Acquire database. Failures and potential failures are
examined and depending on the nature of the failure, re-assaying was requested from the
primary laboratory. Analysis of quality control data is documented along with relevant
comments or actions undertaken to either investigate or mitigate problematic control samples.

11.3 Analytical QAQC
11.3.1 Introduction
SRK has reviewed the supplied QAQC reports, and a summary of the historical and current
QAQC results is included here.
QAQC data for the first half of 2014 and all of 2013 have also been reviewed as this data has
been included in the recent resource model update used for this study.
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11.3.2 Comparison of assay methodologies
In the February 2003, SRK demonstrated that sample results prior to this date, when assayed
using a 50 g fire assay resulted in poor reproducibility between field duplicates. This effect was
also evident between pulp duplicates, although not as marked. The conclusion of the analyses
of the quality control data available then was that a component of coarse gold present in the
samples was contributing to poor reproducibility and that an analytical process that makes use
of significantly larger aliquots, such as LeachWell™ assays should be considered.
TM

To address this, GSR now assays using a 1 kg BLEG assay, with a LeachWell accelerant.
The gold grade is determined using an AAS finish. Initially, the sample splitting was completed
using a rotary splitter and a 6 hour leach was used. Following analysis of the leach tailings, the
leach time has been extended from 6 to 12 hours. SRK also understand that due to time
constraints, the use of the rotary splitter has been discontinued and a Jones Riffle has been
used to split sub-samples from the larger RC drillhole samples. The difference between the
fire assay and larger BLEG assays are illustrated in Figure 11-1.

Figure 11-1:

HARD plot comparing fire assay and BLEG, for field duplicates

Figure 11-1 shows a significant improvement with respect to sample reproducibility between
the fire assay and BLEG methodologies. Using BLEG, 80% of pairs report HARD precisions of
less than 17%, compared to the 35% precision attributable to the fire assay method. SRK
recommend that GSR continue to monitor the reproducibility of the sample grades from paired
data analysis.
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11.3.3 Field Duplicates
Historical data on field duplicates, from between 2003 and 2007 were poorly correlated.
Supplied documentation from the time indicates that the field sampling techniques were
identified as the likely cause. Improvements since 2008 are thought to be due to increased
sample splitting training and awareness amongst GSR sampling crew members, rather than
improvements at the laboratory. The correlation plots for both periods, including Q1 and Q2,
2013, are included as Figure 11-2 to Figure 11-4.

CorreLation Plot of Wassa Field Samples and Replicates- TWL
30.00

y = 0.749x
R² = 0.387

Field Replicates

25.00
20.00
15.00

Field Duplicate pairs

10.00

Linear (Field Duplicate
pairs)

5.00
0.00
0.00

2.00

4.00

6.00

8.00

10.00 12.00

Field Samples
Figure 11-2:

Correlation of field duplicates (2003 to 2007) from TWL

Correlation Graph of Wassa Field Duplicates-SGS
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Figure 11-3:

Correlation of field duplicates (2008 to 2012) from SGS
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Correlation of field duplicates (2013) from SGS

11.3.4 Laboratory (Pulp) Duplicates
Laboratory duplicates pair analysis for all samples generated between 2003 and 2007, from
TWL, and from 2008 to 2012 for SGS are shown in Figure 11-5 and Figure 11-6 respectively.
Assay results from the earlier samples submitted to TWL show relatively low gold grade
reproducibility. There was a significant improvement in assay grade reproducibility after the
move to SGS.
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Figure 11-5:

HARD plot of laboratory duplicates (2003 to 2007) from TWL

Figure 11-6:

HARD plot of laboratory duplicates (2008 to 2012) from SGS

11.3.5 Laboratory (Coarse) Duplicates
SRK understands that the Company is no longer submitting laboratory pulp duplicates for
analysis. Instead, coarse reject sample (from the laboratory sample split) is re-numbered and
re-submitted to the laboratory for repeat analysis. The coarse duplicates are intended to
monitor the sample preparation section of the laboratory.
The HARD plot of all coarse rejects for 2013, is presented in Figure 11-7. The results of this
HARD analysis show that approximately 80% of the 1,264 coarse duplicate samples fall with
approximately 20% error. This is considered by SRK to be acceptable for a gold deposit.
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HARD plot of all coarse rejects (2013) from SGS :

The HARD plot of all coarse rejects for Q1 and Q2 (2014) are presented in Figure 11-8. The
results of this HARD analysis show that approximately 80% of the 1,878 coarse duplicate
samples fall with approximately 20% error. This is considered by SRK to be acceptable for a
gold deposit.

Figure 11-8:

HARD plot of all coarse rejects (Q1 and Q2, 2014) from SGS
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11.3.6 Certified Reference Material (“CRM”)
CRM material was introduced by GSR into the sample stream to monitor the accuracy,
precision and reproducibility of the assay results. CRM materials were sourced from Geostats
Pty Ltd (“Geostats”), and from Gannet. Although the CRM material could be easily identified
by the laboratory, the actual grade of the standard would be difficult to determine due to the
large number of different standards used. Standards in use between 2003 and 2007 are
shown in Table 11-1.
Table 11-1:

CRM for 2003 to 2007 Time Period (TWL)

Standard

Certified Mean
(g/t Au)

Number Samples
Submitted

Mean Assay Grade
(g/t Au)

Laboratory Bias
(%)

Gannet A

0.22

196

0.22

0%

Gannet B

2.52

185

2.57

2%

Gannet C

3.46

21

3.53

2%

Gannet D

3.40

75

3.40

0%

Gannet E

2.36

77

2.45

4%

Gannet F

0.78

47

0.75

-4%

Gannet G

3.22

82

3.02

-6%

Gannet M

1.18

159

1.28

+2%

Gannet N

0.50

171

0.49

-2%

CRM material in use between 2008 and the end of Quarter 2, 2014 were supplied by both
Geostats and Gannet, and are shown in Table 11-2 to Table 11-5.
Table 11-2:

Geostats CRM for 2008 to 2012 Time Period (SGS)

Standard

Certified Mean
(g/t Au)

Number Samples
Submitted

Mean Assay Grade
(g/t Au)

G901-10

0.48

82

0.51

6%

G305-3

0.71

14

0.66

-7%

G901-2

1.70

32

1.54

-9%

G906-4

1.90

137

1.99

5%

G999-4

2.30

36

2.40

4%

G302-2

2.44

70

2.50

2%

G901-1

2.50

38

2.38

-5%

G396-9

2.60

29

2.39

-8%

G900-7

3.19

193

3.22

1%

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 48 of 294

Laboratory Bias
(%)

May 2015

SRK Consulting

Wassa FS - Main Report

Table 11-3:

Gannet CRM for 2008 to 2012 Time Period (SGS)

Standard

Certified Mean
(g/t Au)

Number Samples
Submitted

Mean Assay
Grade (g/t Au)

Laboratory
Bias (%)

ST 07/9453

0.21

476

0.21

2%

ST 14/9501

0.43

447

0.42

-3%

ST 16/9487

0.49

110

0.51

3%

ST 16/5357

0.52

654

0.52

0%

ST 486

0.57

124

0.54

-5%

ST 17/2290

0.78

14

0.79

2%

ST 481

1.02

32

1.05

3%

ST 06/5356

1.04

115

1.06

2%

ST322

1.04

18

1.07

3%

ST 06/7384

1.08

1881

1.04

-4%

ST 384

1.08

173

1.06

-2%

ST 39/6373

1.67

117

1.74

4%

ST 09/7382

1.93

205

1.87

-3%

ST 482

1.94

695

1.98

2%

ST 5355

2.37

145

2.39

1%

ST 05/9451

2.45

538

2.53

3%

ST 05/6372

2.46

168

2.44

-1%

ST 05/2297

2.56

78

2.49

-3%

ST 486

2.63

49

2.59

-5%

ST 10/9298

3.22

132

3.30

3%

ST 37/6374

3.33

129

3.08

-7%

ST 43/7370

3.37

834

3.33

1%

ST 5359

3.91

131

3.97

1%

ST 359

3.93

87

3.96

1%

ST 48/8462

4.82

508

4.89

1%

Table 11-4:

Gannet CRM for 2013 (SGS)

(g/t Au)

Number
Samples
Submitted

Mean Assay Grade (g/t
Au)

Laboratory Bias
(%)

ST07/9453

0.21

645

0.22

4%

ST14/9501

0.43

402

0.50

17%

ST06/7384

1.08

39

1.05

-3%

Certified Mean
Standard

ST482

1.94

528

1.99

2%

ST05/6372

2.46

665

2.48

1%

ST37/6374

3.33

579

3.29

-1%

ST48/8462

4.82

187

4.89

1%
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Gannet CRM for Q1 and Q2, 2014 (SGS)
Certified Mean
(g/t Au)

Number Samples
Submitted

Mean Assay Grade
(g/t Au)

Laboratory Bias
(%)

ST07/9453

0.21

474

0.21

-2%

ST482

1.94

489

2.00

3%

Standard

ST596

2.51

61

2.51

0%

ST48/8462

4.82

233

5.00

4%

ST517

5.23

208

5.10

-2%

Results from the CRM analysis between 2008 and Quarter 2, 2014 indicate that SGS reports
both higher and lower than expected values with some variation to the detection limit. SGS
returned assays of Geostats standards with laboratory bias ranging between -9% to +5% with
94% of the determinations falling between 2 standard deviations of the certified mean values.
Assays of Gannet standards also reported Au values with a laboratory bias of between -7%
and +3% with 94% of the determinations falling between 2 standard deviations of the certified
mean.
Assay results of Gannet standards for the first half of 2014 and all of 2013 reported Au values
with a laboratory bias of between -3% and +4% with 98% of the determinations falling
between 2 standard deviations of the certified mean.

11.3.7 Blanks
Blank samples are routinely inserted into the sample stream to check for possible sample
contamination during the preparation and assaying process. Typically, blanks are inserted
prior to the delivery of samples for preparation and analyses. For RC samples, a blank is
inserted before the splitting process to monitor possible contamination occurring during the
splitting of the original sample collected from the drill cyclone. The blank sample consists of
barren coarse sand. The blank assay data include 559 assays for reverse circulation and core
samples, all assayed by SGS. Summary statistics for the assays of blanks returned by SGS
are shown in Table 11-6.
For Q1 and Q2, 2013, the blank assay data include 201 assays for reverse circulation and
core samples, all assayed by SGS. Summary statistics for the assays of blanks returned by
SGS are shown in Table 11-7.
Table 11-6:
Sample type
Blanks

Table 11-7:
Sample type
Blanks

Blank Sample Summary Statistics
Count

Minimum (g/t)

Maximum (g/t)

Median
(g/t)

Mean
(g/t)

559

0.01

0.05

0.01

0.01

Blank Sample Summary Statistics – Q1 and Q2, 2013
Count

Minimum (g/t)

Maximum (g/t)

Median
(g/t)

Mean
(g/t)

201

0.01

0.11

0.01

0.01
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11.3.8 Umpire Laboratory Performance (Round Robin)
Laboratory checks are performed semi-annually to check on the reliability of the primary
laboratory, in this case SGS, Tarkwa. In 2013 and 2014 “round robin” sample check studies
were conducted using SGS, Intertek and the Wassa site laboratory.
In 2014, 252 quarter core samples were selected from drilling conducted from 2012 to
mid-2014. The intersections selected were high grade intervals which averaged approximately
17 g/t Au. As the coarse sample reject was no longer available for these intervals a new
sample was collected by cutting the half core on file in the core yard. Golden Star has
conducted similar quarter core sampling studies on other deposits and repeatability of the
original results is often not good due to the change in sample size going to half the volume
from the original sample. The Wassa quarter core sampling study concluded the same as
previous studies with good repeatability between the original sample and it’s coarse sample
reject and much poorer repeatability with the quarter core sample. The average grade for both
the original assay and the coarse sample reject duplicate compare well at 17 g/t Au and the
quarter core sample was less at 12 g/t Au. However control sample standards that were
submitted with these sample batches consistently came up with a negative bias, Table 11-8 so
this can partially account for the lower average. The HARD plots shown in Table 11-9 show
the good correlation between the original assay value and the coarse sample reject duplicate
but these do not repeat well when using the quarter core samples analysed at Intertek
Laboratory. Although the negative lab biais and the smaller sample volume attributes to poor
repeatability the Wassa deposit has a high nugget gold distribution which alone will result in
poor repeatability. The variability of the gold distribution was recognized and GSR has put in
sample protocols to help reduce the variability, ie larger sample volumes, BLEG leach well
analysis.
Table 11-8:

Gannet CRM for Quarter Core Sample Analysis (Intertek)
Certified Mean

Standard

Number
Samples
Submitted

Mean Assay Grade (g/t
Au)

Laboratory Bias (%)

(g/t Au)
ST517

5.23

5

4.98

-5%

ST482

1.94

9

1.78

-8%

ST16/9487

0.49

14

0.46

-6%

Table 11-9:

Summary HARD Plot Results for Quarter Core Sample Analysis
No of
Samples

<10%
HARD

<15%
HARD

<20%
HARD

CORRELATION
COEFF ®

Orig SGS vrs Check SGS

252

65%

81%

90%

0.94

Orig SGS vrs Check Intertek

252

32%

45%

57%

0.60

SGS _Check vrs Intertek Check

252

29%

44%

55%

0.45

Laboratory

In 2013, 120 RC samples were split into three samples which were sent to each of the
laboratories for gold analysis. The sample batches also contained control samples to monitor
the precision of the individual laboratories.
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The three laboratories all performed well with the best correlation being between SGS and the
Wassa site laboratory. The HARD plots for the laboratory comparisons are shown below in
Table 11-10.
Table 11-10:

Summary HARD Plots 2013 Round Robin Results

LAB

<10% HARD

<15% HARD

<20% HARD

CORRELATION COEFF

SGS vrs Wassa

65%

84%

92%

97%

SGS vrs Intertex

68%

84%

88%

97%

Wassa vrs Intertek

71%

84%

90%

98%

The high correlation at 20% Half Absolute Relative Deviation for all the labs demonstrates how
the larger RC chip samples give a better representation of grade. Approximately 90% of the
120 RC samples submitted for this study show a 20% error, compared to the coarse reject
core samples submitted in 2013 and 2014 which show a correlation of approximately 80% of
the data set with 20% error.
In 2012, a “round robin” exercise was undertaken to have an independent check on the
reliability of Au assay results from the primary laboratory, SGS. A total of 10% of all assays
from the 1 m samples received each month were randomly picked from the data set. The data
is grouped into six separate ranges, namely 0.00 to 0.50 g/t, 0.50 to 0.90 g/t, 0.90 to 1.20 g/t,
1.20 to 2.00 g/t, 2.00 to 2.50g/t and greater than 2.50g/t. The selection in each range is
manipulated until the 10% is achieved with a bias towards the mineralized intervals.
Three samples, each weighing about 3 kg were prepared from each original sample bag using
the one stage riffle splitter. Four batches of 175 samples including duplicates and standards
were dispatched to SGS, WSL, TWL, and ALS Minerals in Ghana-Kumasi (“ALS”). All samples
were labelled with the same identification numbers. A total of 157 assays were returned by
each laboratory for analysis.
Statistical comparison of the data indicates that ALS returned lower grades and variance than
SGS, WSL and TWL. SGS and TWL correlated well with similar minimum and maximum
grades, and standard deviation population distribution. The descriptive statistics from the
round robin exercise are included in Table 11-11.
Table 11-11:

Round-robin Descriptive Statistics
Count

Minimum (g/t)

Maximum (g/t)

Mean (g/t)

Variance

Std
Dev

SGS

157

0.01

12.0

1.33

1.75

1.32

WSL

157

0.01

8.9

1.09

1.47

1.21

TWL

157

0.01

11.68

1.15

1.68

1.30

ALS

157

0.01

9.32

1.02

1.31

1.15

Laboratory
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MINERAL PROCESSING AND METALLURGICAL TESTING
(ITEM 13)

12.1 Historical Testing
On obtaining ownership of the Project in 2002, GSR commissioned a FS for a CIL operation
with the process engineering component undertaken by Metallurgical Process Development
Pty Ltd (now known as “MDM”). The FS was completed in 2003. The metallurgical testwork
conducted in support of the MDM FS was conducted on samples from the Wassa area.
Samples were originally sent to SGS Lakefield in Johannesburg for both variability and bulk
sample testwork. Further variability testwork was conducted at AMMTEC in Perth.
A total of 24 variability samples were tested; 10 of fresh mineralized material, six of oxide, and
8 samples taken from the existing (now decommissioned and reclaimed) heap leach
operation. Four bulk samples were also tested, representing fresh, oxide, heap leach phase 1
and heap leach phase 2. The samples were all taken from the Wassa Main area.
At a grind size of 75% -75 µm and a 24 hour leach time, the fresh bulk sample achieved a
leach recovery of 92%. The Bond Ball Mill Work Index (“BWi”) for this sample was 14.8 kWh/t.
Under the same conditions, the oxide bulk sample achieved a leach recovery of 93%. The BWi
for this sample was reported as 8 kWh/t. Minor preg-robbing behaviour was noted, and gravity
recovery testwork indicated that plant recoveries of 30 to 40% could be expected from a
gravity circuit.
In order to quantify the expected increase in rock hardness with depth in the Wassa
mineralization for the 2014 PEA, BWi tests were conducted on material from three DD
drillholes, one drilled in the Starter pit area, a second in the SE area and the third into the
MSN area. BWi tests were conducted on samples representing 5 m intervals of vertical depth.
Monthly operating data from the Wassa plant during 2014, while the plant has been
processing mainly Wassa primary open pit material constituting 85 to 100% of the total plant
feed, shows that gold recoveries have ranged, on a monthly basis, from 90.4 to 94.2%,
averaging 92.7%, for head grades varying between 1.07 and 1.83 g/t Au (average 1.41 g/t
Au).

12.2 Metallurgical Testwork and Samples Evaluated
12.2.1 Aim and Scope
With the new underground mining operation it is anticipated that up to a third of the plant feed
will comprise higher grade underground material, which is observed to contain higher levels of
sulphide minerals that the general current open pit feed. To evaluate the performance of future
potential feed material from underground mining a series of sample were taken from available
half core remaining from ore resource drilling and the physical characteristics and
metallurgical response from these were compared to those a reference sample of current plant
feed.
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The aim of the subsequent metallurgical testwork programme was to determine physical and
metallurgical differences between the underground feed planned to be processed over the first
nine years of the underground operation (based on the current indicated resource) and the
current and to some extent historic feeds. As the plant was already treating what was reported
and observed to be a reasonably similar feed material, limited testwork was undertaken on a
series of 6 variability and 4 crushability samples and these were compared to a reference
sample taken from the current open pit ore feed to the process plant. No detailed
mineralogical investigations were undertaken and no investigative work was undertaken into
optimising the treatment route and parameters on each of the different samples.
The metallurgical testwork was undertaken by SGS in Cornwall, UK and the sample were
delivered and logged in around the middle of December 2014 with this initial phase of testwork
completed and the draft report issued in early April 2015.

12.2.2 Metallurgical Variability, Crushability and Reference Samples
For the purpose of the investigations, the resources envisaged to be processed over the next
nine years were differentiated spatially by GSR into six domains or zones:
•

Zone 1 Upper

•

Zone 1 Lower

•

Zone 2 Upper

•

Zone 2 Lower

•

Zone 3 Upper

•

Zone 3 Lower

These nominal ore zones are depicted in Figure 12-1 with further details presented in Table
12-1.
Table 12-1:

Ore Zones Represented by the Variability Samples
Northing

Zone 1 upper
Zone 1 lower
Zone 2 upper
Zone 2 lower
Zone 3 upper
Zone 3 lower
Total Resource

Relative Level

From

To

From

To

20200
20200
19937.5
19937.5
19690
19690

19937.5
19937.5
19690
19690
19500
19500

857
682
782
632
657
557

682
607
632
507
557
482
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598,485
707,388
723,358
537,555
772,212
613,447
3,952,446

Grade Contained
g/t Au

Metal (oz)

4.74
6.78
6.28
4.32
5.02
4.20
5.30

91,185
154,089
146,054
74,696
124,642
82,797
673,462

%
tonnes
15%
18%
18%
14%
20%
16%
100%

May 2015

% Metal
14%
23%
22%
11%
19%
12%
100%
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View looking east-west of metallurgical sample locations with respect to
the proposed mine design

The metallurgical variability and crushability samples were selected based on available
material from the drilling programme to represent the six nominated zones. Six variability
samples were selected, one for each zone from available HQ and NQ half cores remaining
from the previous ore resource assay sampling program. These core sections were further cut
in half, with one section used for the metallurgical testwork and the remaining quarter core
sections retained on site for reference. The six quarter core composite samples prepared for
metallurgical investigations were targeted to represent as far as possible the full width of the
anticipated mining stopes across each zone. Each sample of quarter cores weighed between
50 and 60 kg.
As quarter core samples were not suitable for the ore hardness (crushability) investigations
due to the limited physical size of each sample (samples with a minimum of 35 mm in two
dimensions are required), four full core samples (with a segment removed for assay purposes)
from a recent drilling programme were selected for the crushability tests. Each crushability
sample consisted of 7 lengths of HQ drill core each approximately 200 mm in length. From
these, three samples were prepared for the UCS tests with the remaining core sections along
with the remaining material from the UCS test sample prepared for the Bond crushability index
(low energy crushing) tests.
It was initially planned to obtain two reference samples; one representing the typical current
feed grade with a second higher grade sample aimed to more typically represent the future ore
feed from underground mining with higher gold grade (and sulphide levels); however, the mine
advised that currently no high grades areas are exposed so it was not possible to obtain a
representative sample of higher grade material from the pit or from the plant feed stockpiles.
The single reference sample was obtained by hand selection from the workings in the Starter
pit area at around the 910m level. Around 100 kg of material was taken and this sample was
used for both metallurgical and crushability testwork.
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Table 12-2:
Sample Type
Reference
Variability
Variability
Variability
Variability
Variability
Variability
Crushability 1
Crushability 2
Crushability 3
Crushability 4

Summary and Location of Testwork Samples
Detail

Z1U
Z1L
Z2U
Z2L
Z3U
Z3L
BSDD347MET
WMET4
WMET5
WMET6

Northing
From
To
20,419.6
19,971.8
19,946.8
19,770.0
19,700.2
19,531.0
19,497.1
19,491.6
20,052.6
20,035.7
20,016.5

20,396.4
20,042.9
19,987.8
19,846.4
19,757.1
19,576.1
19,565.1
19,488.5
20,050.2
20,035.6
20,016.0

Easting
From
To
40,003.9
40,112.9
39,994.1
40,084.4
40,079.2
40,023.4
40,040.3
40,023.6
40,014.3
39,979.7
39,976.0

39,973.8
39,983.6
39,911.5
39,930.3
39,930.9
39,978.8
39,945.0
39,998.5
39,998.8
39,975.4
39,963.9

Relative Level
Number of Separate
From To Average
Sub-samples /
Intersections
m
m
m
910
910
910
6
828
682
763
6
678
615
664
7
753
653
713
5
602
530
575
6
602
562
585
4
555
510
533
5
587
514
553
8
767
748
753
8
722
713
719
8
716
652
700
8

The locations of the reference, variability and crushability samples related to the resource /
mining blocks are presented in Figure 12-1 along with the nominal ore zones selected. It
should be noted that some of the crushability samples selected were sometime adjacent to
rather than completely within the representative ore zone. Crushability 1 was from depth to
the south of Zone 3 Lower while the other crushability samples were from different depth
within Zone 1 Upper and Zone 1 Lower. The reference sample was taken from the current
workings in the starter pit area above and to the north of Zone 1 Lower at 910 mRL.

12.2.3 Details of Metallurgical Testwork
The metallurgical evaluation testwork programme included the following investigations:
•

•

•

Scope of work for reference and variability samples:
o

elemental scan: ICP multi-element analysis;

o

analysis of sulphide and total sulphur;

o

analysis of carbonate and graphitic carbon;

o

diagnostic leach (gold deportment tests);

o

Bond ball mill work index (BWi); and

o

Bond abrasion index (“Ai”).

Standard flowsheet treatment tests – to confirm recoveries and reagent additions /
consumptions:
o

grind calibration tests;

o

gravity concentration;

o

cyanide leaching of the gravity tails with pre-aeration; and

o

settling tests.

Scope of work for crushability and reference samples:
o

unconfined compressive strength (“UCS”);

o

Bond low impact crushing work index (“CWi”);

o

Bond ball mill work index (BWi); and

o

Bond abrasion index (Ai).
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12.3 Testwork Findings
12.3.1 Head Grade and Elemental / Chemical Analyses
The gold and silver head grades were determined by milling and screening at 106 µm with fire
assay of the two screen fractions. The results are summarised in Table 12-3.
Table 12-3:

Screened Head Assay Results
Size fraction
+106 micron
Grade

Overall
Sample

Grade
g/t Au

g/t Ag

%

g/t Au

Size fraction
-106 micron
Grade

g/t Ag

g/t Au

g/t Ag

Gold
Distribution
%
%
+106
-106
mic
mic
13.91
86.09

Silver
Distribution
%
%
+106
-106
mic
mic
3.68
96.32

Reference

1.53

0.10

1.88

11.32

0.20

1.14

0.10

Zone 1 Upper

6.51

0.43

2.36

28.29

1.60

7.03

0.40

10.28

89.72

8.83

91.17

Zone 1 Lower

7.99

0.63

2.26

42.29

4.20

7.31

0.60

11.95

88.05

15.00

85.00

Zone 2 Upper

5.11

0.36

1.26

17.26

1.00

4.38

0.30

4.25

95.75

3.52

96.48

Zone 2 Lower

4.64

0.21

2.35

9.94

0.80

4.52

0.20

5.03

94.97

8.77

91.23

Zone 3 Upper

4.07

0.45

1.57

9.45

0.60

4.42

0.50

3.65

96.35

2.09

97.91

Zone 3 Lower

5.26

0.55

2.14

25.30

2.80

5.29

0.50

10.31

89.69

10.93

89.07

In all samples, the gold and silver analyses in the coarse fraction (+106 µm) is higher than for
the finer fraction (-106 µm).
An ICP elemental scan was undertaken on the reference and variability samples, In addition,
the total carbon and organic carbon as well as the total sulphur and sulphide sulphur were
analysed using the Leco method. Results are presented in Table 12-4.
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Table 12-4:

Elemental and Chemical Analysis Results

Sample
(%)
Cu
Pb
Zn
As
Cd
Ni
Co
Mn
Bi
Sb
Hg
Te
Se
SiO2
Al
Fe
Mg
Cr
Ca
S
Na
K
% S (total)
% S (soluble)
% S (sulphide)
% C (total)
% C (organic)
% C (CO3)

1010A
REF1
0.003
<0.001
0.006
<0.001
<0.0001
0.002
<0.001
0.07
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
78.46
3.32
2.83
0.74
0.03
1.82
0.46
0.92
1.36
0.46
0.02
0.44
1.4
0.03
1.37

2008A
Z1U
0.019
0.002
0.009
0.001
0.0003
0.004
0.003
0.14
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
74.96
3.48
5.57
0.88
0.06
1.1
0.86
0.96
1.7
0.86
0.03
0.83
1.42
0.02
1.4

3008A
Z1L
0.011
<0.001
0.01
0.003
0.0003
0.004
0.004
0.18
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
65.39
4.46
6.46
1.09
0.05
1.81
1.56
1.46
1.79
1.56
0.04
1.52
1.69
0.03
1.66

4008A
Z2U
0.01
<0.001
0.008
0.001
0.0003
0.002
0.004
0.2
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
66.51
4.37
5.48
1.27
0.03
2.14
0.98
1.93
1.57
0.98
0.04
0.94
1.99
0.02
1.97

5008A
Z2L
0.01
<0.001
0.009
0.001
0.0002
0.002
0.003
0.15
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
59.42
5.22
4.67
1.53
0.02
3.47
1.3
1.98
1.38
1.3
0.04
1.26
2.22
0.03
2.19

6007A
Z3U
0.008
<0.001
0.008
0.001
0.0002
0.005
0.003
0.1
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
65.39
4.65
3.92
1.47
0.01
2.71
1.17
1.57
2.11
1.17
0.03
1.14
1.86
0.02
1.84

7007A
Z3L
0.01
0.002
0.007
<0.001
0.0002
0.003
0.003
0.13
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
57.55
5.24
4.62
1.8
0.01
3.77
0.9
2.16
1.6
0.9
0.03
0.87
2.52
0.02
2.5

As was expected, and can be observed from the analyses, the level of sulphide sulphur is
higher in the higher grade variability samples than in the reference sample. Similarly, the level
of iron (Fe) and other base metals is higher; however, the levels of the other base metals is
still seen to be relatively low. It was reported by the geologist on site that the higher gold
grades appear to be related to the presence of iron rich units in the cores (banded magnetic
units).
Little preg-robbing potential is indicated from the low levels of graphitic carbon measured in all
the samples.

12.3.2 Diagnostic Leach
Diagnostic leaching is a method of quantifying the indicated deportment of gold in a sample
and the relative ease or difficulty with which the gold can be recovered. The sample is
prepared by grinding to a typical grind size likely to be employed (75% <75 µm was selected)
and is subject to a cyanide leach to dissolve the free gold. The solids from the initial cyanide
leach test are then sequentially pre-treated with more aggressive acids to dissolve minerals
that could be encapsulating the residual gold and following each pre-treatment stage the
sample is again treated by cyanide leaching. As the level of sulphide minerals was indicated to
be higher in the higher grade underground material from the geological interpretation of the
core samples and confirmed from the elemental analyses presented in Table 12-4 the aim was
to determine whether the increased level of sulphide minerals was resulting in the samples
being more refractory to treatment for the recovery of gold.
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In the diagnostic leach procedure, the samples are subject the following leach and preleach
treatments:
•

Direct cyanidation: recovers free and exposed gold.

•

Hydrochloric acid pre-treatment: liberates gold encapsulated in carbonates, pyrrhotite,
galena and iron hydroxide minerals.

•

Sulphuric acid (oxidative) pre-treatment: liberates gold encapsulated in sphalerite, labile
copper sulphate and labile base metal sulphide minerals.

•

Nitric acid pre-treatment: liberates gold encapsulated in pyrite, arsenopyrite and
marcasite.

•

Carbon combustion: burns off any organic carbon releasing gold that had previously been
adsorbed by the carbon and not therefore amenable to recovery by cyanide leaching.

Residual gold and silver present after the above tests represent gold encapsulated in silica
and other non-reactive gangue minerals.
Results of the diagnostic leach tests for gold are summarised in Table 12-5 and represented
graphically showing the deportment of gold in the samples in Figure 12-2.
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Table 12-5:

Summary of Diagnostic Leach Results
Sample Reference

Gold Deportment

Ref 1

Z1U

Z1L

Z2U

Z2L

Z3U

Z3L

%

%

%

%

%

%

%

Cyanide Soluble

91.90

96.82

97.05

93.13

86.92

89.50

85.34

In Carbonates / Pyrrhotite

1.38

0.88

1.10

1.70

8.83

2.37

2.99

In Sphalerite and Labile Sulphides

0.66

0.58

0.23

0.73

1.22

0.97

2.18

In Pyrite and Arsenopyrite

2.53

1.22

1.26

3.30

1.91

4.01

7.01

In Graphitic Carbon

0.59

0.27

0.10

0.35

0.38

0.45

0.40

Residual Gold
TOTAL

2.93

0.23

0.25

0.79

0.74

2.71

2.08

100.00

100.00

100.00

100.00

100.00

100.00

100.00

110.00

100.00

Percent

90.00

80.00

70.00

91.90

96.82

97.05

93.13
86.92

89.50

85.34

60.00

50.00

Ref 1

Z1U

Z1L

Cyanide Soluble

Z2U
Sample Reference

In Sphalerite and Labile Sulphides

Z2L

Z3U

Z3L

In Carbonates / Pyrrhotite
In Pyrite and Arsenopyrite

In Graphitic Carbon

Figure 12-2:

Comparative indicated deportment of gold from diagnostic leach results

The recoveries are based on the back-calculated head grade from the gold recovered in the
various steps and the remaining gold in the final tails. A reconciliation of the back-calculated
head grade with the assay head grade is presented Table 12-2 which also present the
correlation between the assay head grade and back-calculated head grade from the gravity /
leach tests.
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The results generally indicates that the mineralogy and metallurgy of the samples are
somewhat different with some samples appearing to have potentially more gold locked or
associated with different sulphide minerals and others less compared to the reference sample.
Two samples (Z3U and Z3L) show potentially higher levels of gold encapsulated in pyrite while
sample Z2L shows higher levels of gold potentially associated with more reactive minerals
such as pyrrhotite. The results are not seen to be completely consistent with the gravity leach
results discussed later. Low levels of preg-robbing potential are indicated from the gold
liberated in the burn off stageIt should be noted that due to assay detection limits some of the
lower deportments may be marginally inaccurate. Given a detection limit of 0.01 g/t Au,
measurements below this level were assigned a nominal assay of 0.005 g/t Au; hence on the
lower levels the deportment in these fractions could be possibly overstated.
It was reported in the diagnostic leach tests during the hydrochloric acid digestion that a
reasonably vigorous reaction took place on the majority of the variability samples with the
generation of green foam. This would tend to indicate a high level of carbonate and also acid
soluble iron, possibly pyrrhotite.

12.3.3 Crushability
Two separate tests were undertaken into the material strength and crushability by measuring
the uniaxial unconfined compressive strength (UCS) and the Bond crushing work index (CWi)
test, which indicates a material’s resistance to crushing. In the UCS test a sample is prepared
by cutting to pre-set dimensions (re-coring) and this is then subject to a compressive load to
measure the strength at which the sample fails. The Bond CWi test, also known as the low
impact energy test, involves two swinging weighted pendulums which are allowed to fall and
impact simultaneously on the sample in order to measure from what height the pendulum
needs to fall to crush the sample. Both tests are undertaken on multiple individual samples; 3
prepared samples in the case of the UCS tests and around 20 sample pieces for the Bond
CWi test. The results of the tests are presented in Table 12-6.
Table 12-6:

Results of Crushability Tests: UCS and CWi
Sample average
density
t/m3

Average
UCS Result Mpa
Depth
RL m
Average
Max
Min

Reference

2.67

910

59.5

73.7

41.8

Crushability 1

2.93

550

64.7

76.9

Crushability 2

2.87

753

53.9

94.4

Crushability 3

2.71

720

167.4

Crushability 4

2.84

699

82.4

CWi (kwk/t)
Average

Depth

Std Dev

m RL

9.8

1.6

910

54.3

9.7

1.3

550

31.1

11.1

1.2

753

244.0

90.7

11.0

2.1

720

90.0

68.9

12.3

2.9

699

The UCS test results are seen to be variable, with a relatively large variation between the
maximum and minimum measurements on the different samples which mainly appear to relate
to the sample tested rather than the depth of the material. Results were generally in the 30 to
95 MPa range, indicating that the materials tested were medium strong to strong, although
one sample (Crushability 3) indicated to consist of quartzite (massive quartz vein), rather than
schist identified for the majority of the other samples tested, recorded a very strong
measurement of around 240 MPa. The other sample of the same type of material measured
90 MPa, while a third sample shattered during preparation and cutting and failed to produce
the required test sample.
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The CWi test results are in the easy to medium classification. Similar to the UCS results, the
CWi test results are also relatively variable with the reference sample (RL 910m) generally
indicating results towards the lower end of those measures; however, no real correlation can
be see between the CWi results and relative level of the sample tested as shown in Figure
12-3.
300.0

14.0

250.0

12.0

UCS Mpa

8.0
150.0
6.0
100.0

4.0

50.0
0.0

WCi kWh/t

10.0

200.0

2.0

500

550

600

650

700

750

800

850

900

950

0.0

Relative Level m
UCS Max

Figure 12-3:

UCS Min

UCS Average

CWi (kwk/t)

Variation of UCS and CWi Result with Depth (Relative Level)

12.3.4 Ball Milling Bond Work Index and Abrasion Index
For the 2003 Feasibility Study into the treatment of the Wassa material by milling and CIL,
testwork was undertaken on representative samples of primary ore, oxides and spent heap
leach material. The BWi for the primary and oxide ores were reported to be in the region of
14.6 and 8 kWh/t, respectively.
More recent investigations have indicated that the BWi is generally noted to be increasing with
depth. Based on samples tested from three different drillholes from the Wassa starter pit area,
SE Area and MSN Area, BWi measurements, though somewhat inconsistent, appeared to
indicate that the BWi was increasing with depth.
This was supported, to some extent, by the reported experience on the plant. The unit milling
power consumption is noted to have increased over the recent years, although with the
blended feed consisting of primary, oxide and reclaimed HL material, the latter two having
reduced over time as to their proportion in the feed, the effect would have been difficult to
quantify.
In 2014, with the heap leach and oxide feeds effectively depleted, the unit power draw
presented for the two ball mills is shown to be between 14.5 and 16.5 kWh/t treated. This
results in a calculated BWi of around 14 – 16 kWh/t, based on the reported mill feed and
product sizes and power draw on the ball mills. An allowance has been included in the
calculations for mechanical and other losses between the drive motor and mill.
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The findings of the BWi and Ai investigations from the 2015 tests are presented in Table 12-7
and these are shown graphically as a function of the average depth of the sample in Figure
12-4 and Figure 12-5, respectively.
The BWi tests were undertaken at a closing screen size of 106 µm to give a mill product of
around 75-80% <75 µm.
In summary, the findings of the latest testwork generally did not support the suspected
increasing BWI with further depth with the reference sample (910 mRL) showing the highest
BWi reading.
Table 12-7:

Results of 2015 BWi and Ai Tests

Sample Description

BWi
kWh/t

Reference
Z1U Zone 1 Upper
Z1L Zone 1 Lower
Z2U Zone 2 Upper
Z2L Zone 2 Lower
Z3U Zone 3 Upper
Z3L Zone 3 Lower
Crushability 1 (347MET)
Crushability 2 (MET4)
Crushability 3 (MET5)
Crushability 4 (MET6)

Ai
15.7
15.3
14.7
14.9
14.5
14.4
13.9
14
15
14.8
14.8

Average
RL m
0.394
0.33
0.276
0.228
0.175
0.229
0.152
0.182
0.205
0.398
0.326

910
763
664
713
575
585
533
553
753
719
700

15.8
15.6

Ball Mill BWi kWh/t

15.4
15.2
15
14.8
14.6
14.4
14.2
14
13.8

500

550

600

650

700

750

800

850

900

950

Relative Level metres
Bwi - Ref and Variability

Figure 12-4:

Bwi - Crushability

2015 Ball Mill Bond Work Index against sample depth (relative level)
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0.45
0.4

Abrasion Index Ai

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

500

550

600

650

700

750

800

850

900

950

Relative Level metres
Ai - Ref and Variability

Figure 12-5:

Ai - Crushability

2015 Abrasion Index against sample depth (relative level)

Similarly, the abrasion index is generally shown not to be increasing with depth and the trend
appears to be that the Ai measurement is falling slightly on the deeper samples. The Ai
measured for the reference sample is, with the exception of one sample (MET 5) representing
the identified massive quartz vein mineralization, higher than all the other variability and
crushability samples tested. This lower indicated abrasion index with depth may result in the
reduced consumption of grinding media and mill crusher liners as mining proceeds deeper into
the underground mining areas.
All the samples fall into the slightly abrasive classification.
The abrasion index is a measure of the anticipated wear on components and consumables in
the comminution circuit and is applicable to both wear in the crushers and mills (grinding balls
and liners).
Formulae applicable to the consumptions of liners and grinding balls are:
•

Ball consumption (Wet grinding mills)

kg/kWh 0.35*(Ai-0.015)

•

Liner Consumption (Wet grinding mills)

kg/kWh

0.026*(Ai-0.015)

•

Crusher Liners (Gyratory, jaw, cone)

kg/kWh

(Ai+0.22)/11

0.33
0.3

12.3.5 Gravity Gold and Leaching Tests
Gravity Tests
Gravity tests were undertaken by grinding a 1 kg sample to approximately 75% passing 75 µm
and then passing the sample through a Falcon centrifugal concentrator. The primary
concentrate from the Falcon was further processed on a Mozley shaking table, with the final
concentrate weighed and sent for assay. Tailings from the centrifugal concentrator and
shaking table were subject to cyanide leach tests.
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The results of the gravity concentration tests are presented in Table 12-8.
Table 12-8:
Sample
Ref

Gravity Gold Recovery Test Results
Gravity Con Mass

Assay
Ag (g/t)

% Fe

Metal Recovery to Gravity
Con
% S (total)
Au %
Ag %

g

Wt %

Au (g/t)

Ref1

3.3

0.33

84.33

8.0

19.59

15.61

18.19

Z1U

2.1

0.21

322.6

18.8

37.28

21.86

10.41

9.18

Z1L

4.9

0.49

322.3

19.3

38.24

26.92

19.77

15.01

Z2U

2.5

0.25

324.3

26.3

37.05

31.09

15.87

18.26
19.14

26.40

Z2L

3

0.3

211.6

13.4

35.84

44.15

13.68

Z3U

2.7

0.27

199.2

14.8

34.31

38.32

13.21

8.88

Z3L

2.4

0.24

282.8

24.1

28.8

29.76

12.90

10.52

Gravity recoveries are seen to be lower than historically reported data. This is seen to be
probably a function of the laboratory tests, which for this stage of the investigation were not
optimised to maximize gravity gold recovery. It can also be seen that the recovery from the
reference sample is generally higher than on the variability samples.
It was observed in all the gravity tests that the concentrates contained a magnetic component
that was readily picked up by a strong rare earth magnet, although not by a typical iron
magnet. This magnetic component was suspected to be likely to be pyrrhotite and this was
reported by SGS to be supported by the sulphur to iron ratios measured in the feed analyses;
however this still needs to be confirmed.
Whole Ore Leach and CIL Evaluation Test
In order to investigate the effective leach parameters for the comparative leaching tests, a
single leach test was undertaken on the reference sample with and without carbon to confirm
whether any preg-robbing effect was evident. The results are presented in Table 12-9
Table 12-9:

Whole Ore Leach and CIL test Results
Solution
(24h/48h)
Au g/t
Ag g/t

Leach Test
Distribution %
CIL Test
Distribution %

Solid tails
Au g/t

Gold on Carbon

Ag g/t

Au g/t

Ag g/t

1.13

0.08

0.105

0.05

93.23

67.03

6.77

32.97

0.14

0.01

0.1

0.05

93.4

12.7

14.27

6.49

8.29

26.41

77.44

67.09

Overall
Recovery
Au %
Au %
93.23

67.03

91.71

73.58

Back Calculated
Head Grade
Au g/t
Ag g/t
1.55

0.15

1.21

0.19

The results generally indicated that no preg-robbing effect was evident with the recoveries
without carbon addition higher than those with carbon added to the leach (CIL test), although
the gold reconciliation was seen to be worse on the CIL test with a back-calculated gold head
grade of 1.21 g/t Au compared to the screened analysis head grade and leach test backcalculated head grade of 1.53 and 1.55 g/t Au respectively.
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Gravity Tails Leach Test Results
Leach tests were undertaken on the combined gravity tails from the centrifugal concentrator
and concentrate cleaning table. As it was suspected from the gravity tests and one of the
diagnostic tests that pyrrhotite could be present, the gravity tails samples were adjusted to pH
10.5 - 11 using lime and aerated until the pH and dissolved oxygen (“DO”) levels stabilised
generally in line with the plant practice of injecting oxygen into the transfer lime from milling to
CIL. Pyrrhotite is highly reactive and can result in high consumptions of oxygen and cyanide in
leach if not preconditioned.
Leach tests were conducted for 48 hours with samples taken at 2, 4, 6, 24 and 48h and
analysed for gold and silver in solution. An initial cyanide level of 1 g/l was used and cyanide
levels in solution were maintained at >0.5 g/l by dosing of additional cyanide as required. The
tails solids were analysed for silver and gold.
No lead nitrate was added in the leach tests.
Leach test results of the gravity tails are presented in Table 12-10.
Table 12-10:

Leach Test Results and Reagent Consumptions
Gold Recovery %

Sample
Reference

24h

48h

Ref1
Z1U
Z1L
Z2U
Z2L
Z3U
Z3L

77.22
90.69
86.72
92.81
87.81
92.95
94.57

88.69
87.35
87.64
93.80
88.06
91.33
93.25

Assayed
Tails
g/t Au
0.09
0.44
0.68
0.20
0.42
0.23
0.18

Consumption kg/t
NaCN 24h

NaCN 48h

Lime as CaO

0.43
0.51
0.40
0.43
0.15
0.63
0.63

1.31
1.48
1.15
1.05
0.91
0.89
1.01

0.88
0.89
0.75
0.92
0.88
1.16
1.11

It can been seen that in some tests recoveries based on 48h leach solution analyses were
lower than for the those based on the 24h leach solution assays. This could be caused by
analytical discrepancies or errors based on solutions analysed or possibly some adsorption of
dissolved gold onto the fine milled solids. As no appreciable preg-robbing potential or effect
was indicated in the diagnostic leach and comparative leach and CIL tests, this is not
considered to be a major concern as any weakly adsorbed gold would be recovered on the
plant due to the presence of activated carbon in the leach circuit. For the assessment of
overall recoveries presented below, the calculation is based on the higher number at either 24
or 48h.
The leach curves on the gravity tails appear to be relatively consistent with the exception of
that for the reference samples which shows slower kinetic especially at 24h, although results
in similar overall recoveries at 48h.
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Comparative Leach Curves
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Overall Gravity / Leach Recoveries
The overall recoveries from the gravity / leach testwork are presented in Table 12-10. These
are based on the maximum leach recovery at either 24 or 48h and on the back-calculated
head grade from the recovered gold and tailings assays.
Table 12-11:

Overall Gravity Leach Recoveries

Sample Reference
Ref1
Z1U
Z1L
Z2U
Z2L
Z3U
Z3L

Gravity
26.41
16.38
22.69
20.19
15.37
16.91
20.41

Gold Recovery %
Leach
88.69
90.69
87.64
93.80
88.06
92.95
94.57

Overall
91.68
92.22
90.44
95.05
89.90
94.15
95.68

In the gravity / leach tests, poor reconciliations were achieved between the back-calculated
head grade and the assay head grades from the screened analyses on the master samples
with the back-calculated head grades consistently being considerable lower than the head
assay results by as much as 35% in two tests.
The comparison of the assay head compared to the back-calculated head grade for both the
gravity leach and diagnostic leach results are presented in Table 12-11.
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Table 12-12:

Reconciliation of Assay and Back-calculated Head Grades from
Testwork
Assay Head
Grade
g/t Au
g/t Ag
1.53
0.10
6.51
0.43
7.99
0.63
5.11
0.36
4.64
0.21
4.07
0.45
5.26
0.55

Sample
Reference
Z1U
Z1L
Z2U
Z2L
Z3U
Z3L

From Diagnostics
Grade
g/t Au
g/t Ag
1.35
0.22
6.74
0.89
8.71
1.06
5.10
0.62
4.84
0.46
4.12
0.33
4.28
0.27

From Gravity / Leach
Grade
g/t Au
g/t Ag
1.08
4.18
7.08
4.03
4.14
3.20
3.36

0.13
0.31
0.46
0.38
0.32
0.30
0.29

The correlations were better in the diagnostic leach tests compared to the gravity / leach tests
with both positive and negative discrepancies. Difference varied between -10% and +18%
resulting in an overall difference of only -2%.
The poor correlation between the assay and back-calculated head grades, particularly in the
gravity / leach tests is a potential area of concern although possible problems which could be
encountered in the accurate measurement of fire assay analyses were indicated by reported
problems with inconsistent results when using this analysis method for plant accounting. The
plant reports problems with repeatability of solid sample results using fire assay techniques
and thus prefers the BLEG Leachwell procedure for determination of head and tails solids
samples (discussed further in Section 17). A concern was raised in that small scale laboratory
samples, which can only be effectively analysed using fire assay techniques, would
experience similar repeatability issues. The tendency, however, for all the back-calculated
head grades to be lower than the assay head is an anomaly that merits further investigation.

12.3.6 Settling Tests
Comparative settling tests were undertaken on the reference sample and one selected
variability sample (Z1L). Initial scoping tests were undertaken using five different flocculants
with the settling tests undertaken using Nasaco anion flocculants N2132 and N2326. The
results show very similar settling performance on the reference samples and one variability
sample selected.
The settling test results are presented in Table 12-13.
Table 12-13:
Sample
Reference Test 1
Reference Test 2
Z1L Test 1
Z1L Test 2

Comparative Settling Test Results
Feed
Solids
%
9.43
10.08
9.04
9.13

pH
10.5
10.5
10.5
10.6

Flocculant
N2132
N2326
N2132
N2326

Floccuant
Initial
Final Solids Thickener Underflow
Dossage
Settling Rate
Content
Unit Area
g/t
m3/m2/day
%
m2/t/d
50.04
1335.26
59.0
0.235
46.62
2897.86
61.8
0.261
52.21
2414.88
56.5
0.225
51.69
2637.79
56.9
0.223
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12.3.7 Other Testwork Observations and Comments
In general, the results of the diagnostic leach tests and gravity / leach do not correlate in that
the samples that could be expected to give high gold recoveries from the diagnostic leach
tests did often not give the very high gold recoveries in the gravity leach tests. Samples Z1U
and Z1L indicated in the diagnostic leach tests that the majority of gold was amenable to direct
cyanide (around 97%) although gave overall gold recoveries of around only 92% and 90%
respectively in the gravity leach test.
Conversely samples Z3U and Z3L indicated that only 85% and 89% respectively was
amenable to recovery by direct cyanidation whereas recoveries of around 94-95% were
achieved in the gravity leach tests. Sample Z2L indicated that only 85% of the gold was
amenable to direct cyanidation while around 90% was recovered in the gravity leach tests.
It may be possible that some of the gold encapsulated in the sulphides reported into the
gravity concentrate and hence was reported as recoverable gold in the gravity leach tests
although it is unlikely with only a low level of sulphide minerals in the feed material that the
gravity recoverable gold was generally not amenable to direct cyanide recovery to this extent.
Gravity gold recoveries on the samples showing high level of sulphide associated gold (Z2L,
Z3U and Z3L) also did not demonstrate particularly high gravity gold recoveries (15-20%) into
the concentrate.

12.3.8 Further Recommended Testwork
It would be beneficial to repeat some of the testwork, particularly the gravity leach tests to
confirm the response of the different variability samples and also in an attempt to achieve
better gold accountability and to be able to more accurately correlate any relationship evident
between feed grade and gold recovery.
As it was not possible to directly simulate the leach conditions on the plant, the metallurgical
testwork was focused on a simpler treatment process to compare the performance of the
different feed samples under similar conditions. While it was possible in the tests to measure
the consumption of lime and cyanide, it was not possible to measure parameters such as
oxygen demand. It would therefore be beneficial to determine the oxygen uptake requirements
to determine whether the variability samples require additional air / oxygen for successful
leaching.
Further testwork that could be beneficial would involve further work into optimization of gold
recoveries by investigating the effect of grind size, pre-aeration conditions and the addition of
leach promoters such as lead nitrate, which can be effective on low sulphide mainly free
milling ores and is reportedly used on the Wassa plant. Furthermore, the optimization of
gravity recoverable gold in an attempt to improve overall gold recovery could be beneficial.
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Mineralogical investigation into the different variability samples could also be undertaken to
determine the more important minerals present, particularly the sulphide minerals which could
be causing a potentially increased refractory behavior and the gold association with these
minerals. This is particularly applicable to the sample (Z2L) which is indicated to contain
increased levels of possibly pyrrhotite, which is still to be determined and confirmed by future
mineralogy testwork; and samples Z3U and Z3L, where higher levels of pyrite and other
sulphides are indicated from the diagnostic leach tests to be encapsulating the gold partially
preventing effective recovery by direct cyanide leaching.
Other tests that would fully confirm any potential differences in the response of the variability
samples compared to the reference sample and current open pit feed would include additional
settling tests on other variability samples, rheology tests on the milled slurry at the increase
proposed future feed density following the installation of the new thickener and carbon
adsorption tests on the gravity tails to quantify carbon loadings and kinetics.
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MINERAL RESOURCE ESTIMATES (ITEM 14)

13.1 Introduction
The Mineral Resource Statement presented herein represents an estimate for the Wassa Main
deposit, other satellite deposits which are part of the Wassa Mine were not included in this
report. The Mineral Resource Statement is presented in accordance with the guidelines of the
Canadian Securities Administrators’ National Instrument 43-101.
The GSR exploration team was responsible for the modelling portion of the resource estimate
exercise which included all topographic surfaces, weathering surfaces, geological and grade
wireframes. SRK Consulting (Canada) Inc. was commissioned to construct a mineral resource
model with estimated gold grades for the Wassa Main deposit, the methodology of the
estimate was authored by Dr Oy Leuangthong and Dr David Machuca. The mineral resource
classification and statement was conducted by GSR under the supervision of Mitch Wasel, a
Qualified Person pursuant to NI 43-101.
This section describes the Mineral Resource estimation methodology and summarises the key
assumptions considered for the estimate. In the opinion of SRK, the Mineral Resource
estimate reported herein is a reasonable representation of the global gold Mineral Resource
found at the Wassa Main deposit given the current level of sampling. The Mineral Resources
have been estimated in conformity with generally accepted CIM “Estimation of Mineral
Resource and Mineral Reserves Best Practices” guidelines and are reported in accordance
with the Canadian Securities Administrators’ NI 43-101. Mineral Resources are not Mineral
Reserves and do not have demonstrated economic viability. There is no certainty that all or
any part of the Mineral Resource will be converted into Mineral Reserve.
The databases used to estimate the Mineral Resources were audited internally by GSR. SRK
is of the opinion that the current drilling information is sufficiently reliable to interpret with
confidence the boundaries for gold mineralization and that the assay data are sufficiently
reliable to support mineral resource estimation.

13.2 Resource Estimation Procedures
The resource evaluation methodology involved a database compilation and internal validation
exercise by GSR. All geological surfaces and wireframes were modelled by GSR, including
the weathering surfaces and mineralization boundaries. GSR provided a Gems project to SRK
that consisted of two borehole databases (AW and 2002), two grade control databases
(historic and current), solid wireframes, topographic surfaces as well as weathering surfaces.
A block model within the Gems project was also provided to SRK, the block model was coded
by GSR with rock codes, percent model and density.
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Prior to initiating the resource estimation process, SRK reviewed the wireframes defining the
gold mineralization for the Wassa project modelled by GSR. There are two sets of envelopes
that separate low and high grade gold distribution. No major problems were identified during
the review. There are, however, some minor concerns that should be addressed in future
updates of the geology model. These include avoiding overlaps in geology wireframes and
ensuring that interior high grade zones are entirely encompassed by their corresponding low
grade zones. SRK reviewed these concerns with GSR, as these concerns are minor and
immaterial to the overall resource, GSR and SRK chose to proceed with the resource
estimation using the mineralized wireframes as provided in the initial data transfer.
After evaluating the available database, SRK proceeded with data conditioning (compositing
and capping) for geostatistical analysis and variography. The grade interpolation methodology
was discussed between GSR and SRK, it was decided to use ordinary kriging with local
varying angles and local variograms for the estimation of gold grades based on the structural
complexity and folded nature of the deposit.
The classification and preparation of the Mineral Resource Statement were conducted by GSR
under the supervision of GSR’s Qualified Person, Mr Mitch Wasel.

13.3 Resource Database
The Wassa database is made of four individual drillhole databases, namely: the GSR Wassa
exploration database which contains exploration drilling conducted by GSR since 2002; the
AW exploration database which contains historical exploration drill holes from previous
operator Satellite Goldfields; the Satellite grade control database; and the GSR grade control
database. The Satellite grade control database was not included in the Mineral Resource
estimate as the blast holes samples are considered not to be of a sufficient quality for
inclusion into the Mineral Resource estimate.
A July 7th 2014 cut-off was applied to the GSR exploration database. At this date, only
drillholes with a complete assay table were retained for the subsequent Mineral Resource
estimate. The final drillholes for each respective domains were BSDD327B and BSRC071 for
the Bshoot domain, STDD021, STRC026, 242DD080 and 242RC078 for the 242-Starter
domain, 419DD027, 419RC069, FSDD008 and FSRC051 for the Fshoot-419 domain,
SEDD092, SERC198, NSADD009 and NSARC271 for the South-East domain.
The Gems project provided to SRK contained geological and mineralization wireframes,
topographic surfaces, weathering surfaces and a coded block model.

13.4 Modelling
A two-step approach was developed for modelling the auriferous zones at Wassa, wide low
grade envelopes characterized by weak alteration were modelled around high grade zones
with strong veining and sulphides contents. A total of twenty-seven low grade wireframes were
modelled by GSR surrounding four high-grade wireframes. SRK (Canada) undertook an
independent exercise to confirm the continuity of the high grade zones as modelled by GSR,
these high grade wireframes were developed with structural geology assistance provided by
SRK (UK).
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13.4.1 Mineralization Wireframe
The wireframe modelling was carried out by GSR under the supervision of Mr. Mitch Wasel.
Mineralization wireframes at Wassa are modelled using a 0.2 g/t cut-off as a guide for the low
grade envelopes while a cut-off of 1g/t is used as a guide for high grade zones depending on
the grade distribution of each domains. Visual inspection of assay data suggests that these
respective lower cut-off levels are reasonable to separate barren from auriferous sections
intersected by each borehole.
The modelling is based on the original samples prior to any data cutting or compositing, during
the grade modelling exercise. Lithological contacts along with structural measurements are
also used as guides. The modelling is conducted on 25m spaced vertical sections for all
deposits, with the two-dimensional sectional interpretations being snapped to intersections
along the drillholes trace.
For the construction of three dimensional wireframes, the two dimensional interpretations are
linked with tie lines and the resulting wireframes are validated prior to compositing and grade
interpolation.
The mineralized zones of Wassa are structurally controlled, with gold emplacement related to
the density of quartz veining and sulphide content. The mineralized veins have been deformed
and are folded around a large synform commonly referred to as the Wassa fold. The Wassa
mineralized zones have been subdivided into a number of domains, namely: F Shoot-419, B
Shoot, 242-Starter, South East, Mid-East and Dead Man’s Hill. Each domain represents
segments of the mineralized system which has been folded around the synform.
All domains were updated with recent drilling except for the Mid-East and Dead Man Hill
domains, which have not been drilled since the 2010 exploration campaign. Overall, a total of
thirty-one auriferous zones were interpreted for this resource estimate along four domains
using the following nomenclature: 8850s (242-Starter domain), 8870s (F Shoot-419), 8880s
(Southeast zone), and 8890s (B Shoot). All zones were assigned individual rock codes: 242Starter (8850 to 8857), Fshoot-419 (8870 to 8876), South-East (8880 to 8887) and B-Shoot
(8890 to 8894). An additional four high grade wireframes were also modelled and included in
this modelling exercise, one of the four high grade wireframes lays in the 8870s series, and
the remaining three reside in the 8880s series. These high grade zones are located within low
grade envelopes and were coded in the 4800’s series (4872, 4881 to 4883).
As portrayed in Figure 13-1, the 242-starter domain is located on the western flank of the large
scale synform while the remaining domains are located on the eastern flank. Domains along
the western flank generally dip to the south-east at an angle of approximately 50 degrees,
while domains located along the eastern flank are steeply dipping to the west near the surface
and progressively flattened with depth towards the fold closure of the Wassa synform. As a
result of the complex nature of mineralization at Wassa, several domaining methods have
been trialled over the years.
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Figure 13-1:

Plan view of available wireframes for the Wassa deposit

13.4.2 Multi-Gaussian Kriging Modelling
The focus of this exercise was to independently confirm the continuity of the high grade zones
as modelled by GSR. SRK (Canada) understands that these high grade wireframes were
developed with structural geology assistance provided by SRK (UK).
Only the assays in the region of the HG zone were required for this phase. SRK extracted all
(mineralized and un-mineralized) borehole assays within the following bounding box:
•

X: 39,700 to 40,300 m Easting

•

Y: 19,000 to 20,250 m Northing

•

Z: 100 to 1,000 m Elevation

This resulted in a subset database, which comprised 124,915 assay intervals that were
available for Phase 1 of this study.
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13.4.3 Methodology
SRK used Multi-Gaussian kriging for grade domaining (Leuangthong and Srivastava, 2012).
This method involves the following steps in the workflow:
1.

Normal score transform the gold grades;

2.

Calculate and model the variogram of the normal scores of gold;

3.

Perform simple kriging simulation of the normal scores and back transform the kriged
mean and variance to determine the local distribution of uncertainty;

4.

Specify possible grade thresholds and calculate the probability to be above the specified
grades;

5.

Generate iso-probability contours, usually in a general mine planning package (GMP);
and

6.

Select the grade threshold and probability thresholds associated with reasonable grade
shells.

The software used for this methodology is a combination of the Geostatistical Software Library
(“GSLib”) (Deutsch and Journel, 1998), GSLib-compatible prototype program for Step 4 above
and GOCAD® for Steps 5 and 6.

13.4.4 Normal Scores Variogram
SRK calculated the normal scores variogram of gold grades within this subset of the assay
database. Various orientations were analyzed to identify principle continuity directions. Table
13-1 and Figure 13-2 gives the normal scores variogram modelled and subsequently used in
MG kriging.
Table 13-1:

Normal Score Variogram Models*
GSLib Angles

Data
ANG1
HG Subset

180

ANG2 ANG3
-20

50

Nugget
Effect
0.2

Structure 1

Structure 2

Type CC1 Ah1 Ah2 Avert Type CC1 Ah1 Ah2 Avert
Exp

0.6

50

30

20

Sph

0.2

330 160

90

* Ranges in the table are denoted by Ah1, Ah2, and Avert, where Ah1 corresponds to an azimuth/dip direction of
180/-20 degrees, Ah2 corresponds to azimuth/dip direction of 112/46 degrees, and Avert corresponds to azimuth/dip
direction of -106/37 degrees.

Figure 13-2:

Normal scores variogram of gold grades within HG subset data
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13.4.5 Model Parameters
The primary objective of this workflow was to generate contiguous areas that may be plausible
grade domains for resource estimation. For this purpose, it was important to generate smooth
estimation models; early experience with this technique has shown that this generally involves
a combination of fine resolution grids and a large maximum number of samples being used in
the estimation. In this study, SRK employed the following model settings and parameters:
•

Block definition using a 5 x 5 x 5 m grid with model extents encompassing the region
surrounding the high grade zones plus an additional 100 m on all sides;

•

Search orientation of 180/-20/50 degrees for angles 1, 2, and 3 in GSLib orientation
(corresponding to -180/-20/112 in Gems ADA convention);

•

Search radii of 350 x 200 x 100 m aligned with the principle axes;

•

Minimum number of composites = 2;

•

Maximum number of composites = 128; and

•

Ellipsoidal search.

13.4.6 Selection of Grade and Iso-Probability Shells
SRK calculated the probability to exceed five grade thresholds: 0.50, 0.75, 0.90, 1.0, and 1.10
g/t Au. These probability models (corresponding to each of the grade thresholds) were then
imported into GOCAD® and iso-probability contours were generated.
A comparison of the iso-probability shell for a 20% probability to exceed 0.75 g/t Au showed
reasonably good continuity of high gold grades for elevations higher than approximately 400
m. Continuity at lower elevations, however, could not be confirmed via this approach. This also
corresponds to the region informed by boreholes that are spaced 200 metres apart. It appears
that the 4800 high grade series of wireframes were generated by considering a structural
geology interpretation that is not captured using this grade-driven MG kriging approach.
SRK provided to GSR several shells in DXF format corresponding to 0.75 g/t Au for more indepth review. These shells were lightly cleaned by removing small triangulated solids with
fewer than 50 facets.
The high grade zones considered in this resource model are a new approach to the resource
modelling for Wassa. SRK independently confirmed continuity of high gold grades for
elevations of 400 m and higher in regions identified by GSR. However, SRK was unable to
confirm continuity of high grade for lower elevations, where informing boreholes are spaced
200 m apart. Despite this, the results of the high grade continuity assessment of this study is
overall encouraging, and suggests that with additional drilling at depth between 19,100 and
19,500 Northing, the reasonableness of the HG wireframe extension at depth may be
confirmed.
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13.5 Statistical Analysis
SRK evaluated the four available databases for Wassa, and compared their summary
statistics on a by-zone and by-series basis. Results from this comparison showed that the
average grade from the grade control databases varied significantly from that of the borehole
databases. SRK understands that GSR based the geology wireframes on the borehole
databases, and the grade control data were subsequently tagged to the modelled domains. As
such, this is likely a source for differences in summary statistics. Coupled with the inherent
sample errors associated to the grade control data, the borehole database is deemed to be
more reliable. Consequently, SRK chose to use data from only the borehole databases to
condition the mineral resource model.
SRK analysed the length distributions from the 2002, AW, and the combined borehole
databases. In the 2002 borehole database, approximately 90% of the assays are sampled at 1
metre or less, while 97% are sampled at 2 m or less. In the AW database, approximately 30%,
38%, and 98% are sampled at 1 metre, 2 metre, and 3 metre or less, respectively. On the
basis of these length distributions, SRK chose to calculate composites at 3 metre lengths
within the solid wireframes. This is consistent with previous Wassa resource models.
To avoid potential estimation bias due to short intervals, composites smaller than 0.30 metres
(10% of composite length) were removed from the composites database. SRK then analysed
the composites database to determine if capping was required on a series-by-series basis.
SRK selected the capping value by comparing probability plots of gold composites for each
series, and plotting the mean grade and the number of affected data by the chosen cap value
(Figure 13-4). Decile analysis was used to confirm the reasonableness of the chosen cap
value for each series. Table 13-2 and Figure 13-3 summarize the results of this analysis.
Summary statistics for both uncapped and capped composites are shown in Table 13-3 with
further details in Figure 13-4.
Table 13-2:

Summary of Capping Analysis
Cap Value by Approach (g/t Au)

Cap Value

Series
Probability Plots

Decile Analysis

(g/t)

HG

30

60

30

8850s

15

16

15

8870s

17

15

17

8880s

15

15

15

8890s

15

18

15
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Assay length distribution for 2002 database (top), AW database (middle)
and combined database (bottom)
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Table 13-3:

Summary Gold Statistics of Assays, Composites, and Capped
Composites
Assays

Capped
Composites

Composites

Zone
All

No. Data

Mean

StdDev

Min

Max

No. Data

Mean

StdDev

Min

Max

Mean

StdDev

77,143

0.97

3.49

0

322.92

37,352

0.95

2.04

0

56.97

0.94

1.9

HG series

4,949

3.04

8.74

0.01

213

2,472

3

5.3

0.01

56.97

2.92

4.69

4872

1,555

2.76

6.11

0.01

94.9

686

2.57

4.14

0.01

46.05

2.55

3.91

4881

1,731

4.02

12.75

0.01

213

995

3.66

6.76

0.01

56.97

3.48

5.74

4882

1,619

2.22

4.35

0.01

58.4

728

2.38

3.53

0.01

39.87

2.37

3.38

4883

44

3.53

6.95

0.02

43.5

63

4.29

5.37

0.03

27.94

4.29

5.37

8850 series

8,332

1.21

4.91

0

322.92

4,525

1.07

1.99

0

22

1.06

1.86

8850

1,590

1.01

2.63

0

42.57

912

0.99

1.87

0

19.88

0.98

1.77

8851

2,986

1.41

4.83

0

146.1

1,515

1.22

2.23

0

20.79

1.2

2.05

8852

1,423

1.32

7.69

0

322.92

786

1.11

1.96

0

22

1.1

1.87

8853

212

1.24

2.81

0.01

36.95

144

1.25

1.94

0.03

11.03

1.25

1.94

8854

1,002

1.57

5.77

0

89.85

556

1.22

2.28

0

22

1.2

2.14

8855

772

0.6

1.6

0

43.7

451

0.6

0.9

0

8.99

0.6

0.9

8857

347

0.62

0.98

0

6.99

161

0.61

0.78

0.01

6.27

0.61

0.78

8870 series

20,154

0.78

2.27

0

93.5

9,509

0.75

1.42

0

25.17

0.75

1.4

8870

3,161

0.92

2.51

0

93.5

1,456

0.91

1.67

0

18.07

0.91

1.67

8871

6,778

1.01

2.86

0

63.4

3,062

0.93

1.74

0

25.17

0.93

1.69

8872

5,155

0.63

1.53

0

63.8

2,618

0.59

0.91

0

17.72

0.59

0.91

8873

3,432

0.61

1.99

0

62.8

1,608

0.61

1.29

0

18.94

0.61

1.28

8874

633

0.44

1.9

0.01

37.3

356

0.42

1.09

0

12.03

0.42

1.09

8875

668

0.56

0.98

0.01

8.77

266

0.55

0.7

0.01

4.26

0.55

0.7

8876

327

0.62

1.91

0.01

27.97

143

0.62

1.21

0.01

10.4

0.62

1.21

8880 series

27,088

0.74

2.45

0

166.26

12,543

0.7

1.21

0

22

0.7

1.18

8881

5,602

0.78

3.4

0

166.26

2,779

0.7

1.32

0

22

0.7

1.28

8882

5,632

0.73

1.71

0

48.76

2,633

0.7

1.2

0

17.95

0.7

1.18

8883

3,805

0.82

2.61

0

125

1,741

0.79

1.33

0

17.6

0.78

1.31

8884

6,351

0.72

2.07

0

102

2,686

0.69

1.1

0

20.29

0.69

1.08

8885

4,910

0.7

2.28

0

94.2

2,264

0.66

1.07

0

16.54

0.66

1.06

8886

747

0.69

1.92

0

25.6

416

0.66

1.43

0

19.09

0.65

1.3

8887

41

0.36

0.44

0.01

1.75

24

0.36

0.38

0.01

1.1

0.36

0.38

8890 series

16,620

0.91

2.68

0

211

8,303

0.87

1.5

0

23

0.87

1.47

8890

3,068

0.8

2.18

0

72.9

1,413

0.75

1.22

0

13.73

0.75

1.22

8891

5,374

1.1

3.59

0

211

2,711

1.03

1.69

0

23

1.02

1.62

8892

6,464

0.82

2.13

0

55.15

2,984

0.79

1.41

0

16.2

0.79

1.41

8893

977

0.75

1.48

0

20

653

0.77

1.22

0

11.65

0.77

1.22

8894

348

0.73

1.49

0.01

15.7

175

0.7

1.04

0.01

6.62

0.7

1.04

8895

389

1.09

2.32

0

19.52

367

1.06

2.09

0

17.77

1.05

1.98
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Figure 13-4:

Wassa FS - Main Report

Probability and capping sensitivity plots from top to bottom, high grade
series, 8850 series and 8870 series.

13.6 Block Model and Grade Estimation
13.6.1 Block Model
A 3D block model including rock type, gold, percent, density and class was built in GEMS by
GSR. The selection of the block size was driven by the borehole spacing and mainly by the
geometry of the auriferous zones, but also based on mining parameters and in accordance to
previous resource estimate conducted by Cube Consulting at the Wassa Mine. The block size
was set at 10 x 10 x 3 m in the northing, easting and elevation directions, respectively along
the mine grid. The block model origins can be seen in Table 13-4.
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Table 13-4:

Block Model Parameters

Coordinate

Origin

Block Size (m)

No. of Blocks

X

39,100

10.0

225

Y

17,700

10.0

360

Z

1,100

3.0

360

Rock code assignments from solid to block were made using auriferous wireframes along a
horizontal needling level of three (along columns). Air blocks had to be 99.99% above the
topographic surface to be assigned the rock code for air (500). Rock codes were modified
accordingly for weathering profiles with block assigned 7000 rock codes for saprolite. A
percent block model was used to evaluate tonnages. Tonnage for each respective block was
obtained by weighting volumes corresponding to the interpreted auriferous zones and the
respective mean specific gravity defined by weathering profile
The block model bulk density data was coded based on weathering surface which was built to
define saprolitic material from fresh material. The weathering surface defined the ‘top of fresh’
material, all blocks above the ‘top of fresh’ surface was designated as saprolite and material
below the surface as ‘fresh’. The bulk density values assigned to the block model were based
on series of measurements made over the various exploration phases going back to the initial
Golden Star exploration program in 2002. The density values used for the tonnage estimate
were provided by GSR, and are detailed below in Table 13-5.
Table 13-5:

Bulk Density
Weathering Type

Assigned Bulk Density Value (t/m3)

Oxidised

1.8

Fresh

2.7

13.6.2 Resource Estimation Methodology
SRK chose to use ordinary kriging with local varying angles and local variograms for the
estimation of gold grades. The general steps required to implement the approach are:
1.

Construct a locally varying angles models for dip and dip direction;

2.

Calculate and model local variograms for each series, and interpolate these local
variograms to construct a model of local variogram model parameters;

3.

Estimate gold grades using ordinary kriging, calling upon the local models of dip, dip
direction, and variogram models; and

4.

Check estimated model using qualitative and quantitative methods.

SRK ran the four low grade and two high grade series independently with a block model for
each series. The two high grade series were fully encompassed within the block model
definition of the corresponding low grade zones. Therefore, the 4872 zone was modelled using
the 8870 series block model definition, and the 4880 series of HG zones was modelled using
the 8880 series block model definition. The main advantage of this setup was that it was
computationally more efficient to estimate multiple series in parallel. Table 13-6 summarizes
the block model definition for each series. In all cases, block sizes were 10 x 10 x 3 m.
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Block Model Definition by Series
Number of Cells

Origin (Mid-pt)

Series
X

Y

Z

X

Y

Z

8850

105

105

175

39125

19745

528.5

8870

80

310

260

39465

17765

321.5

8880

90

210

320

39715

18735

153.5

8890

45

275

215

39665

17805

459.5

13.6.3 Local Angle Models
SRK generated local angles derived from triangulated facets of the mineralized wireframes
provided by GSR. This was achieved using CAE’s Datamine Studio 3, and an initial angle data
set for both dip and dip directions was obtained for each low grade series of wireframes.
For each series, SRK filtered the local angles within Datamine to remove any anomalous
angles resulting from edge triangles from the mineralized solids (Figure 13-5 top). While this
removed those angles that were easily identifiable on the edges of the wireframes, the
possibility remained for more centrally located angles to be problematic as a result of the
triangulation. For this reason, SRK applied a secondary smoothing of the angles using moving
windows averaging (Figure 13-5 middle). Table 13-7 summarizes the parameters used to
smooth the dip and dip directions within each series. The smoothed angles data set was then
used to interpolate a block model of dip and dip directions, which was later called upon for
local estimation (Figure 13-5 bottom). Table 13-8 shows the parameters used to estimate the
angles. In all cases, the estimation of angles used inverse distance estimation with a power of
one.
SRK notes that in both the smoothing and interpolation of angles, small search windows were
used. This is primarily because the local angles calculated from wireframes yielded a dense
data set as a data point was available for every triangulated facet. SRK ran sensitivities to
assess the impact of search radii on the local angles, and quantified differences using the
inner product to compare angles. The search ranges shown in Table 13-7 and Table 13-8
achieved a balance in mitigating any problematic angles while preserving local orientations.
Table 13-7:

Parameters for Smoothing of Dip and Dip Direction Angles
Search Angles

Search Ranges (m)

Series
Ang1

Ang2

Ang3

hmax

hmin

hvert

8850

55

0

0

20

20

10

8870

0

0

0

20

20

10

8880

0

0

0

20

20

10

8890

0

0

0

20

20

10
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Interpolation Parameters of Dip and Dip Directions
Search Angles

Search Ranges (m)

Series
Ang1

Ang2

Ang3

hmax

hmin

hvert

8850

55

0

0

30

20

20

8870

0

0

0

30

20

20

8880

0

0

0

30

20

20

8890

0

0

0

30

20

20
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Figure 13-5:

Wassa FS - Main Report

Filtered dip directions using CAE Datamine (top); smoothed dip
directions using moving average (middle); interpolated dip directions
into block model (bottom)
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13.6.4 Local Variogram Models
The local estimation approach chosen for Wassa required the specification of local variogram
models. In regions where data may be sparse, the “global” or zone variogram may be more
reliable than a localized variogram model. For each series of low grade wireframes, SRK
calculated both global and local variograms. SRK mainly considered composites from the
borehole databases, but did assess the usefulness of the current and historic grade control
data. Only the 8890 series of wireframes seemed to benefit from consideration of the grade
control data, thus both local and global variograms for this series were based on the combined
borehole and grade control databases. All other series relied only on composites from the
borehole database.
Variograms corresponding to high grade zones were not modelled; SRK assumed that grade
continuity within the high grade zones generally conformed to the spatial orientation of the
surrounding low grade 8870 or 8880 series wireframes. The local and/or global variograms for
these low grade zones were used for the corresponding high grade wireframes. For these two
low grade zones, SRK calculated experimental variograms using only the low grade data and
then using the combined low grade and the corresponding high grade data. The impact of
including the high grade data were longer variogram ranges, so much so that SRK considered
these ranges to be unreasonably large for a gold deposit. Consequently, SRK chose the
variogram model associated to using only the low grade data. All variogram calculations and
models were performed using GSLib.
Table 13-9 summarizes the global variogram orientations using GSLib convention. The
corresponding Gems angle convention was also provided for Golden Star to confirm the major
orientation. The variograms for the low grade zones were then calculated and modelled on a
by-series basis. This is provided in Table 13-10. Figure 13-6 and Figure 13-7 shows the global
variogram models.
Local variograms require the selection of anchor points (“AP”). The surrounding data are then
weighted based on their proximity to the AP. These weights are used explicitly in calculating
the local variograms, and these variograms are then modelled.
For each series, SRK chose AP locations by using k-means clustering of the local angle
database within each zone, and then refined these locations to reflect the structural complexity
of the series of wireframes. The specific AP locations and their local orientations for variogram
calculation and modelling purposes are summarized in Table 13-11. The modelled local
variograms are tabulated in Table 13-12, and illustrated in Figure 13-8 to Figure 13-16.
Table 13-9:

Global Variogram Orientations in GSLib and Gems Angle Convention
GSLib

Gems

Series
ANG1

ANG2

ANG3

Azm

Dip

Azm

8850

155

-45

0

155

-45

65

8870

270

-65

0

-90

-65

180

8880

260

-55

0

-100

-55

170

8890

270

-50

0

-90

-50

180
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Table 13-10:

Global Variogram Models by Series
GSLib

Structure 1 (Exp)

Structure 2 (Sph)

ANG1

ANG2

ANG3

Nugget
Effect

CC

Ahmax

Ahmin

Ahvert

CC

Ahmax

Ahmin

Ahvert

8850

155

-45

0

0.3

0.5

20

20

10

0.2

90

90

10

8870

270

-65

0

0.2

0.57

45

20

10

0.23

50

150

12

8880

260

-55

0

0.2

0.5

15

25

4

0.3

150

125

12

8890

270

-50

0

0.3

0.55

13

25

7

0.15

40

90

7

Series

Table 13-11:

Local Variogram Orientations and Anchor Point Locations
GSLib

Series
8850

8870

8880

8890

Gems

Coordinates

AP
ANG1

ANG2

ANG3

Azm

Dip

Azm

X

Y

Z

1

146

-44

0

146

-44

56

39,550

20,130

915

2

150

-55

0

150

-55

60

39,745

20,400

945

3

150

-40

0

150

-40

60

39,840

20,175

665

4

165

-35

0

165

-35

75

39,968

20,580

1005

5

150

-33

0

150

-33

60

39,758

20,204

975

1

80

-75

0

80

-75

-10

39,800

18,225

983

2

270

-80

0

-90

-80

180

40,040

18,869

960

3

245

-60

0

-115

-60

155

39,950

19,510

675

4

270

-60

0

-90

-60

180

40,075

19,425

908

5

255

-40

0

-105

-40

165

39,956

19,970

787

6

90

-60

0

90

-60

0

40,108

20,058

966

7

250

-45

0

-110

-45

160

40,130

20,500

970

1

270

-75

0

-90

-75

180

40,255

19,245

800

2

260

-50

0

-100

-50

170

40,015

19,452

464

3

270

-65

0

-90

-65

180

40,305

20,048

982

4

270

-50

0

-90

-50

180

40,031

19,965

641

5

275

-70

0

-85

-70

-175

40,102

20,640

919

1

80

-65

0

80

-65

-10

39,980

18,230

945

2

274

-77

0

-86

-77

-176

40,000

18,752

960

3

268

-36

0

-92

-36

178

39,925

19,570

820

4

277

-67

0

-83

-67

-173

39,950

20,208

950

5

313

-44

0

-47

-44

-137

39,817

20,010

995

6

249

-62

0

-111

-62

159

39,986

19,590

970

Variogram parameters (Table 13-12) were then estimated to the block model grid, to be read
into the grade estimation. In general, the local variograms should be smoothly transitioning
within the series. Abrupt changes in grade continuity, within a zone and between AP locations,
are not expected. Highly localized changes were addressed by the selection of AP locations.
To ensure smoothness of the local variograms, SRK used global kriging with the interpolation
parameters shown in Table 13-13.
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Table 13-12:

Local Variogram Models
Structure 1 (Exp)

Structure 2 (Sph)

Series

AP

Nugget
Effect

CC

Ahmax

Ahmin

Ahvert

CC

Ahmax

Ahmin

Ahvert

8850

1

0.3

0.55

20

20

10

0.15

90

90

10

2

0.3

0.5

15

15

15

0.2

90

90

16

3

0.3

0.5

20

20

7

0.2

90

90

7

4

0.3

0.5

18

18

25

0.2

90

90

25

5

0.3

0.5

12

12

12

0.2

90

90

12

1

0.3

0.34

50

15

10

0.36

50

150

12

2

0.2

0.63

50

25

6

0.17

50

150

12

3

0.2

0.73

15

40

12

0.07

50

150

12

4

0.25

0.55

50

15

10

0.2

50

150

12

8870

8880

8890

5

0.2

0.8

30

45

6

0

50

150

12

6

0.25

0.56

10

45

4

0.19

50

150

12

7

0.2

0.54

20

25

6

0.26

50

150

12

1

0.2

0.52

15

35

12

0.28

150

125

15

2

0.2

0.66

40

90

3

0.14

150

125

10

3

0.3

0.3

15

20

8

0.4

150

125

12

4

0.2

0.74

50

50

3

0.06

150

125

12

5

0.3

0.34

30

20

4

0.36

150

125

20

1

0.2

0.5

13

25

15

0.3

60

150

25

2

0.3

0.45

20

30

15

0.25

80

150

25

3

0.3

0.55

20

30

10

0.15

40

100

10

4

0.3

0.55

13

25

7

0.15

40

90

7

5

0.3

0.55

13

13

18

0.15

40

40

18

6

0.3

0.5

13

50

18

0.2

40

90

18

Table 13-13:

Global Kriging Parameters Used for Estimation of Local Variogram
Model
Search Angles

Search Ranges (m)

Series
Ang1

Ang2

Ang3

hmax

hmin

hvert

8850

55

0

0

500

250

250

8870

0

0

0

500

250

250

8880

0

0

0

500

250

250

8890

0

0

0

500

250

250
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Figure 13-6:
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Global variograms, 8850 and 8870 series
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Figure 13-7:
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Global variograms, 8880 and 8890 series
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Figure 13-8:

Wassa FS - Main Report

Local variograms, 8850 series, APS 1 and 2
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Figure 13-9:

Wassa FS - Main Report

Local variograms, 8850 series, APS 3 and 4
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Figure 13-10: Local variograms, 8850 series, APS 5
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Figure 13-11: Local variograms, 8870 series, APS 1 to 4
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Figure 13-12: Local variograms, 8870 series, APS 5 to 7
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Figure 13-13: Local variograms, 8880 series, APS 1 to 4
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Figure 13-14: Local variograms, 8890 series, APS 1 and 2
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Figure 13-15: Local variograms, 8890 series, APS 3 and 4
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Figure 13-16: Local variograms, 8890 series, APS 5 and 6
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13.6.5 Grade Estimation
Prior to grade estimation, SRK evaluated contact plots between series (Figure 13-17) to
determine whether hard or soft boundary between wireframe series would be reasonable. A
comparison of the mean grade across boundaries showed that a soft boundary approach may
be reasonable between the 8870 and 8880 series, 8870 and 8890 series, and 8880 to 8890
series. This was not the case for the 8850 series; however, SRK notes that relative to the
other series, there is much less data at the boundary with the 8850 series. Given the location
of the 8850 series relative to the other wireframes, SRK chose to proceed with a soft boundary
treatment to ensure a grade transition around the major NE (F4) fold plane.
SRK also evaluated the contact plot of the HG zones and the corresponding low grade series
(see Figure 13-18). The abrupt change of the mean grade between the high grade zones to
the surrounding low grade zones supports the use of a hard boundary. SRK ran estimation
sensitivities to determine the impact of a hard and soft boundary within the high grade zones.
Visual and quantitative comparisons indicated that any differences are immaterial; SRK chose
to proceed with a soft boundary between the two series of high grade zones.

Figure 13-17: Contact plot between series.
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Figure 13-18: Contact plots of high grade and low grade within series: 8870/4870 (left)
and 8880/4880 (right)
Using these boundary treatments, and the models of local angles and local variograms, SRK
performed the grade estimation using a local ordinary kriging methodology. The parameters
for each of the series are summarized in Table 13-14. First and second estimation runs
considered search neighbourhood sizes nominally based on the variogram ranges of the
second structure. The main difference between these two passes was that the first pass
required a minimum of two boreholes for an estimate to be obtained. The third estimation run
considered search ellipses sized at least twice the variogram ranges. As the estimation
considered a stationary search ellipsoid, these ranges were selected to ensure that local
estimation yielded estimates that conformed to the local anisotropy.
Table 13-15 shows statistics about the percentage of blocks estimated on a by-pass basis per
series. In all four major low grade series, over 50% of the mineralized blocks were estimated
by the first pass, and approximately 80% were estimated in the first two passes. All high grade
blocks were estimated within these three passes.
Table 13-14:

Estimation Parameters
Maximum
Composites

Search Ellipse

GSLIB

composites
Series

Pass
per hole
Min.

8850

8870

8880

8890

Svx*

Svy*

Svz*

(metre)

(metre)

(metre)

50

50

Max
3

A1

A2

A3

50

155

-45

0

1

4

12

2

3

16

90

90

50

155

-45

0

3

1

16

200

200

100

155

-45

0

1

4

12

50

50

50

270

-65

0

2

3

16

100

150

50

270

-65

0

3

1

16

200

200

100

270

-65

0

1

4

12

50

50

50

260

-55

0

2

3

16

150

125

50

260

-55

0

3

1

16

200

200

100

260

-55

0

1

4

12

50

50

50

270

-50

0

2

3

16

80

90

50

270

-50

0

3

1

16

200

200

100

270

-50

0

3

3

3
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Table 13-15:

Summary of Block Estimated by Estimation Pass

1

2

3

Total
Estimated
Blocks

1

2

3

8850

71,683

22,251

14,280

108,214

108,214

100%

66%

21%

13%

8870+HG

171,213

56,250

27,028

254,491

276,093

92%

62%

20%

10%

8880+HG

253,339

153,044

49,250

455,633

473,804

96%

53%

32%

10%

8890

104,477

21,726

22,290

148,493

166,371

89%

63%

13%

13%

7,987

7,987

100%

97%

3%

0%

726

42,031

42,031

100%

56%

42%

2%

Pass
Series

Total
Blocks in
Series

Total %
Estimated

% Estimated by Pass

HG Series
4870

7,783

204

4880

23,546

17,759

13.6.6 Model Validation
SRK checked the resultant block model by considering visual comparisons of block grades
and nearby composites via a sectional approach. The results of this check were reviewed with
GSR during a meeting in the SRK (Canada) office in Toronto on 13 August, 2014.
In addition to visual inspections, SRK also compared the block model distribution with the
declustered, change-of-support corrected distribution of the informing composites.
Declustering mitigates the influence of preferential sampling of borehole data; this often results
in a distribution of composites whose mean statistic is often comparable to that of the
estimated model. Further, a change-of-support correction is applied to account for the volume
difference between the composite scale and the block volume scale. SRK applied a discrete
Gaussian model (DGM) change-of-support as this model is the most robust and practical for
volume correction. Figure 13-19 shows the result of this comparison, which shows that the
block model reproduces well the analytically derived mean and standard deviation that may be
reasonably expected. SRK notes that the 90th quartile for both distributions is approximately
2.0 g/t Au; thus deviations at the high end of the distribution (i.e., higher than 2.0 g/t Au)
appear to be significant, these represent less than 10% of the grades.
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Figure 13-19: Quantile-quantile comparison of block model grades to declustered
change-of-support corrected gold distributions.
The model was delivered on 13 August, 2014 for further review by GSR. SRK understands
that GSR compared this model with the previous resource model within various resource and
reserve pit shells (which were based on the previous model) and relevant open pit and
underground cut-off grades. The results of GSR review of the model was shared with SRK,
and suggests that this resource estimate compares reasonably well against previous models
while reflecting the additional drilling and revised geology model.
To facilitate GSR task of resource classification, SRK provided the following fields as part of
the transferred block model:
•

Number of boreholes used to estimate the block;

•

Number of composites used to estimate the block;

•

Average distance of the informing composites;

•

Estimation variance;

•

Local block covariance; and

•

Pass number.
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GSR requested SRK to provide some input into classification considerations. After review of
the borehole data and their relative abundance to the various block model fields recorded (see
above), SRK suggests that a combination of metrics be considered for classification. For
instance, Indicated resources may consider those blocks estimated in Pass 1 with a minimum
of three boreholes. Given the relatively short ranges used in this initial pass, this is nominally
equivalent to 30 x 30 m drill spacing. SRK cautions that this criteria and/or values should not
be used directly for classification. In conjunction with assessing confidence in the geology
model, the quality control of the resource database and the reasonable prospect for economic
extraction, Golden Star should conduct a thorough review of these quantitative factors for the
resource estimation prior to determining the classification criteria.

13.7 Mineral Resource Classification
GSR has classified and reported the Wassa Mineral Resource in accordance with the NI 43101 guidelines and the CIM standards on Mineral Resources.
A range of criteria were considered by GSR when addressing the suitability of the
classification boundaries to the mineral resource estimate in accordance with SRK’s
recommendations which included:
•

Geological continuity and structural control;

•

Drill spacing and mining information;

•

Modelling technique; and

•

Estimation properties including search strategy, number of composites, average distance
of composites from blocks and kriging quality parameters such as interpolated pass.

Indicated Mineral Resources were defined where geological confidence for volume and grade
definition was high, defined by:
•

Good support from drilling, where drilling was averaging a nominal 20-30 m or less along
strike/down dip spacing; and

•

Areas where estimation quality was high and a majority of blocks estimated during the
first interpolation pass.

Indicated blocks were mainly interpreted during the first interpolation pass. GSR estimates that
drilling centres spaced within a nominal 25 m north/south were sufficient to classify the global
resources as Indicated, given the current standards of drilling, sampling, assaying and
geological understanding at Wassa. This classification was one where the level of geological
knowledge and data are sufficient to assume the continuity of shape and grade characteristics
to a reasonable level of confidence. Confidence in this estimate was sufficient to allow
reasonable quantification of global metal content. It is therefore reasonable to expect that
further resource definition drilling within the Indicated areas may result in significant material
departures both positive and negative from the current estimate.
Inferred resources were defined where geological confidence for volume and grade definition
was low, defined by:
•

Areas where drilling was averaging a nominal 40 to 200 m along strike/down dip spacing;
and
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Areas where the estimation quality was moderate to low with a majority of blocks
estimated during the second and third interpolation pass.

The Inferred Mineral Resource is considered to be of significantly greater uncertainty than the
Indicated Mineral Resource. It is therefore reasonable to expect that further resource definition
drilling within the Inferred areas may result in significant material departures both positive and
negative from the current estimate.
All blocks not meeting the Indicated and Inferred classification criteria above, including unestimated blocks remained unclassified.
Conversion of Inferred Mineral Resources to Indicated Mineral Resources may be achieved
through underground drilling. The deeper Inferred Mineral Resources will be converted to
Indicated Mineral Resources from drilling conducted underground once decline access has
been established. Underground development will be conducted well ahead of mining enabling
additional conversion drilling to be done for further delineation of resources and
reserves. Underground mining operations typically convert resources through subsurface
drilling only once access has been provided and there is a need to increase resources and
reserves to extend the mine life. Inferred Resources are sufficient to justify underground
exploratory development from which further drilling is to be conducted for resource conversion
and detailed engineering studies for reserve consideration.

13.8 Mineral Resource Statement
The following section presents the combined open pit and underground Mineral Resource
statement for the Wassa Main deposits. Mineral Resources are reported inclusive of the
material which makes up the Mineral Reserve. Further detail on the status of Mineral
Reserves for Wassa is provided in Section 14 of this report. The Mineral Resource Statement
is presented in accordance with the guidelines of the Canadian Securities Administrators’
National Instrument 43-101.
SRK (Canada) was commissioned to construct a mineral resource model with estimated gold
grades for the Wassa Main deposit, the methodology of the estimate was authored by Dr Oy
Leuangthong and Dr David Machuca. The mineral resource classification and statement was
conducted by GSR under the supervision of Mitch Wasel, a Qualified Person pursuant to
National Instrument 43-101.
The “reasonable prospects for eventual economic extraction” requirement generally implies
that the quantity and grade estimates meet certain economic thresholds and that the Mineral
Resources are reported at an appropriate cut-off grade, taking into account extraction
scenarios and processing recoveries.
In order to determine the quantities of material offering “reasonable prospects for economic
extraction” by open pit mining, GSR used a pit optimizer and reasonable mining assumptions
to evaluate the proportions of the block model (Indicated and Inferred blocks) that could be
“reasonably expected” to be mined from an open pit.
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The optimization parameters are based on actuals from the operations, apart from gold price,
which is varied to reflect the variations in the Reserve gold price. The reader is cautioned that
the results from the pit optimization are used solely for the purpose of testing the “reasonable
prospects for economic extraction” by an open pit and do not represent an attempt to estimate
Mineral Reserves. The results are used as a guide to assist in the preparation of a Mineral
Resource statement and to select an appropriate resource reporting cut-off grade.
GSR considers that the blocks located within the conceptual pit envelopes show “reasonable
prospects for economic extraction” and can be reported as a Mineral Resource.
In order to determine the quantities of material offering “reasonable prospects for economic
extraction” by underground mining method, GSR used reasonable mining assumptions to
evaluate the proportions of the block model (Indicated and Inferred blocks) that could be
“reasonably expected” to be mined from underground.
Table 13-16 is the combined Mineral Resource statement for the Wassa Main deposit. In
declaring the Mineral Resources for the Wassa Main deposit, the following are noted:
•

The identified Mineral Resources in the block model are classified according to the CIM
definitions for Measured, Indicated and Inferred categories and are constrained within a
Whittle pit shell using a gold price of US$1,400/oz and below the end of month December
topographic surface. The Mineral Resources are reported in-situ without modifying factors
applied.

•

This Mineral Resource estimate is based on a cut-off grade of 0.60 g/t Au for the oxide
and 0.66 g/t Au for fresh material, and reported within a conceptual Whittle shell. Pit
optimization using industry standard software has been undertaken on the Mineral
Resource models using appropriate slope angles, modifying factors (mining recovery and
dilution), process recovery factors, costs and a long term gold price of US$1,400/oz.

•

The underground portion of the Mineral Resource estimate is based on a cut-off grade of
2.08 g/t and a gold price of US$1,400 /oz and is reported below the US$1,400/oz open pit
resource Whittle shell.

•

The Mineral Resource models have been depleted using appropriate topographic
surveys, to reflect mining until the 31 December 2014.

•

Geological modelling of the mineralization was undertaken by GSR, using a cut-off grade
of approximately 0.2 g/t Au for the low grade envelopes and 1.0 g/t Au for the high grade
wireframes, assays less than 1 g/t Au were often included within the mineralized
wireframes in order to model continuity both down dip and along strike. The Mineral
Resource estimates are derived from a combination of diamond and reverse circulation
drilling techniques, supported by an industry best practice QAQC programme. Drilling is
typically carried out on sections spaced at 25 m.

•

The Mineral Resources were estimated using a block model with block sizes which
typically reflect half the drillhole spacing within the Wassa Main deposit. The composite
grades were capped for domains deemed necessary after statistical analysis. Local
Ordinary Kriging was used to estimate the block grades.
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•

Block model tonnage and grade estimates were classified according to the CIM Definition
Standards for Mineral Resources and Mineral Reserves (December 2005). The basis of
the Mineral Resource classification included confidence in the geological continuity of the
mineralized structures, the quality and quantity of the exploration data supporting the
estimates, and the geostatistical confidence in the tonnage and grade estimates. Threedimensional solids were modelled reflecting areas with the highest confidence, which
were classified as Indicated Mineral Resources. All figures are rounded to reflect the
relative accuracy of the estimate.

•

Mineral Resources are not Mineral Reserves and do not have demonstrated economic
viability.

The Wassa Main Resource Statement, as of 31 December 2014, is given below in Table
13-16 using open pit cut-off grades of 0.60 g/t Au for oxide and 0.66 g/t Au for fresh, and
underground cut-off 2.08 g/t.
Table 13-16:

Mineral Resource Statement as of 31 December 2014
MEASURED

Source

INDICATED

INFERRED

Quantity

Grade

Metal

Quantity

Grade

Metal

Quantity

Grade

Metal

kt

g/t Au

koz Au

kt

g/t Au

koz Au

kt

g/t Au

koz Au

Wassa OP
Wassa UG

-

-

-

33,039
11,248

1.37
4.07

1,458
1,471

137
10,331

1.47
3.69

6
1,227

Total

-

-

-

44,287

2.06

2,929

10,469

3.66

1,233
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MINERAL RESERVE ESTIMATES (ITEM 15)

14.1 Introduction
The Mineral Reserves were estimated based only on the Mineral Resources that were
classified as Indicated. In order to convert them to Mineral Reserves, the wireframes were
subjected to a detailed mine planning exercise based on the selected mining method. This is
described in detail in Sections 15.2 and 15.3.

14.2 Mineral Reserve Statement
The Mineral Reserves have been prepared in accordance with CIM standard definitions for
Proven Mineral Reserves and Probable Mineral Reserves. The Indicated Mineral Resources
reported above include those Mineral Resources modified to estimate the Mineral Reserves.
The Mineral Reserve has been estimated using accepted industry practices for open pit and
underground mines, including the identification of the optimal final ore envelope(s) based on
the selected mining methods, appropriate modifying factors and CoG calculations based on
detailed cost estimation. The identified ore bodies were subjected to detailed mine design,
scheduling and the development of a cash flow model incorporating the company’s technical
and economic projections for the mine for the duration of the LoM plan. A gold price of
US$1,200/oz was used for all of the Reserve estimation undertaken for the feasibility study.
Any mineralization which occurs below the COG or is classified as an Inferred Mineral
Resource not considered as Mineral Reserves and is treated as mineralised waste for the
purposes of the LoM plan. The Wassa Mineral Reserve Statement as of 31 December 2014 is
presented in Table 14-1.
Table 14-1:

Wassa Mineral Reserve Statement as at 31 December 2014

PROVEN
Quantity Grade Metal
kt
g/t
koz Au
Stockpile
820
0.73
19.2
Wassa OP
Wassa UG
Total
820
0.73
19.2
Source

Quantity
kt
17,831
5,437
23,268

PROBABLE
Grade
g/t
1.42
4.27
2.08

Metal
koz Au
812
745
1,558

Quantity
kt
820
17,831
5,437
24,088

TOTAL
Grade
g/t Au
0.73
1.42
4.27
2.04

Metal
koz Au
19
812
745
1,577

The QP with overall responsibility for reporting of Mineral Reserves is Mr Michael Beare, a
Corporate Consultant (Mining Engineering) with SRK. Mr Beare has 23 years’ experience in
the mining industry and has been involved in the reporting of Mineral Reserves on various
properties in Europe and Africa during the past ten years. Mr Beare was supported in the
estimation of Reserves by QPs Rod Redden and Chris Bray who completed the underground
and open pit planning work respectively.
The open pit mining modifying factors applied for recovery and dilution are 95% and 10%,
based on experience at the operation. The resulting marginal in-situ cut-off grade for the open
pit is 0.77 g/t Au ROM, based on a US$1,200/oz gold price. The marginal cut-off grade,
presented in Section 15, includes processing and re-handling costs but not mining costs.
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The underground in situ mineral inventory was delineated using the Deswik Stope Optimiser
using an in situ cut-off of 2.5 g/t Au, which was confirmed as an appropriate COG by the
follow-on detailed cost estimates in Section 20. The resulting stope wireframes were used to
guide the stope designs for scheduling. Dilution and recovery factors of 7% and 90%,
respectively, were applied to the designed tonnes and grades in order to generate ROM
tonnes and diluted grades for the mill feed sourced from the underground mine. Further detail
on underground modifying factors is available in Section 15.5.
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MINING METHODS (ITEM 16)

15.1 Introduction
At the time of writing, mineral resources are recovered from the Wassa Main open pit mine
and no underground mining is currently taking place. The Wassa FS considers continued
mining of the Wassa open pit in combination with underground mining of underground Mineral
Reserves declared in Section 14.
The resource block model contains material that has been evaluated to be potentially
mineable by underground methods. In a PEA, published in October 2014, SRK assessed
various access and production options for this material and proposed a LoM plan based on a
selected mining method. The economics of the underground mining scenario were favourable,
and the selected options were progressed to a feasibility study. While the PEA considered
both Inferred and Indicated material, the FS considers only material with a Measured and
Indicated classification.
The proposed approach to mining for the FS considers continuation of open pit mining at a
rate of 14 Mtpa (total material movement) which is depleted over a period of 9 years at a
decreasing rate of production. Underground production would commence in 2016, ramping up
over 18 months to an average annual production rate of 785 ktpa. The current mill feed rate of
2.65 Mtpa would be maintained for the life of the Project.

15.2 Open Pit Mining
15.2.1 Historical Production
The recent historical mine production at Wassa is provided in Table 15-1. The mine achieved
an average ROM production rate of 2.4 Mtpa and total material movement of 18.5 Mtpa from
Wassa Main and the other contributing satellite pits (Benso and Hwini Butre). Future
production will be sourced from the Wassa Main pit and underground project, as described in
the FS.
Table 15-1:
Deposit

Recent Open Pit Mine Production for the Wassa Assets
Type
Total ROM

Wassa
Main

Waste
TMM
Strip Ratio
Total ROM

Benso

Waste
TMM
Strip Ratio
Total ROM

Hwini
Butre

Waste
TMM
Strip Ratio
Total ROM

TOTAL

Waste
TMM
Strip Ratio

Units
Mt
g/t
Mt
Mt
twaste/tore
Mt
g/t
Mt
Mt
twaste/tore
Mt
g/t
Mt
Mt
twaste/tore
Mt
g/t
Mt
Mt
twaste/tore

2009
0.9
1.42
4.2
5.1
4.7
0.9
4.09
8.4
9.4
9.3
0.4
4.46
4.1
4.5
10.3
2.2
3.12
16.7
18.9
7.6

2010
0.8
0.97
7.3
8.1
9.1
0.7
2.69
6.4
7.1
9.1
1
3.63
5.5
6.5
5.5
2.6
2.52
19.2
21.7
7.4
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2011
1
1.66
6.3
7.4
6.3
0.9
1.96
3.7
4.6
4.1
0.6
3.22
5.3
5.9
8.8
2.5
2.13
15.4
17.9
6.2

2012
1.8
0.96
7.9
9.7
4.4
0.1
1.79
0.2
0.3
2.0
0.7
4.7
7.8
8.5
11.1
2.6
1.97
15.9
18.5
6.1

2013
1.3
1.23
7.2
8.5
5.5
0.8
5.07
6
6.8
7.5
2.1
2.66
13.3
15.3
6.3

2014
2.4
1.25
10.6
13
4.4
0.2
3.36
1.8
2
9.0
2.7
1.42
12.4
15.1
4.6
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15.2.2 Geotechnical
Pit Slope Design
For the US$1,200 final pit design optimization angles of 45° and 52° were used for the oxide
and fresh rock masses respectively. Detailed engineering design was based on the following
nominal bench and berm configurations:
•

Oxides: Bench height: 6 m, bench face angle: 65°, berm width: 4 m (Inter-ramp angle:
41°).

•

Fresh Rock: Bench height: 12 m, bench face angle: 75°, berm width: 4 m (Inter-ramp
angle: 59°).

Utilisation of these parameters has resulted in a pit design with a maximum slope height of
about 250 m at an overall slope angle (including ramps) of 50°. A maximum inter-ramp slope
height of 140 m at an angle of 59° is achieved.
Pit Stability
The overall final design slopes are stable against rock mass failure as the Wassa pit slopes
are formed in a strong, competent but well jointed rock mass; however, the main geotechnical
problem at Wassa historically has been lack of berm retention due to the well jointed nature of
the rock mass and the relatively narrow berms required to achieve steep inter-ramp angles.
Whilst not impacting the overall stability of the pit slopes, the lack of berms has given rise to
an elevated rock fall risk at the base of the pit. SRK has undertaken a rock fall risk
assessment for the FS pit design as described below.
Seven cross sections (Figure 15-1) were cut through the final engineered pit designs, 242 Pit,
Starter Pit and B-Shoot Pit, and the variability of bench height, bench face angle, inter-ramp
angle and overall slope angle were measured to evaluate the bench-berm configuration (Table
15-2). Most of the slopes have an inter-ramp angle of 59° with 12 m high benches, 75° bench
face angle and 4 m wide berm. This assessment studies the opportunity to blast double bench
height (24 m) with an increase in berm width from 4 m to 8 m. The bench-berm configuration
assessment has considered various bench face angles (70°, 75° and 80°) and bench heights
(12 and 24 m) for each pit.
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Starter Pit

242 Pit

B-Shoot Pit

Figure 15-1:

Current slope configurations

Table 15-2:

Description of Slope Cross-Sections

OSA (°)

Slope
Height

Number
of
ramps

Ramp
width

IRA
Height
(Min-Max)

IRA
(MinMax)

BFA
(MinMax)

Berm
Width
(MinMax)

Bench
Height
(MinMax)

1

55

65

1

10.3

9.5-55.5

59

75

3.6-4.0

2.5-12.0

2

53

84

1

16

16.7-67.3

59

75

4

4.5-12.0

3

42

169.7

3

15.2-30.9

18.5-69.2

51-58

65-75

4.1-7.0

6.0-12.0

4

49

194.2

2

8.1-20.2

44.3-104.3

49-59

65-75

4.0-5.0

6.0-12.0

5

50

246.3

4

20.0-24.1

18.6-146.3

55-59

60-75

4.0-6.0

6.0-12.0

6

52

178.3

2

10.4-20.0

10.7-105.0

59

60-75

1.9-4.0

3.0-12.0

7

50

230.8

3

15.0-20.0

18.5-95.2

59

75

4

6.5-12.0

Section
ID

The assessment indicates that the bench-berm configuration for the Starter Pit and the BShoot Pit are appropriate and the benches are wide enough to contain all the failed materials
for the single (12 m) and double (24 m) high benches. The bench-berm configuration for the
242 Pit contains sectors of pit slope that do not have wide enough berms to contain all the
failed material. These are summarised below and the pit sectors are presented as a Risk Map
in Figure 15-2.
•

The failed material from the single benches dipping at 70° towards an azimuth of 280° will
not be contained on the berms.

•

The failed material from the single benches dipping at 75° between azimuths of 240° to
280° will not be contained on the berms. If double benching is used, the failed material
from benches dipping between azimuths of 260° to 280° will not be contained on the
berms.
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The failed material from the single and double benches dipping at 80° between azimuths
240° to 300° will not be contained on the berms.

The red zone in Figure 15-2 shows the pit slopes at risk from not containing all the failed
material. In this area of the pit, the bench face angles will need to be cut at less than 70° if
using single benching or 75° for double benching to ensure they contain all the failed material.
The remaining areas of the pit in green can be single or double benched and excavated at a
bench face angle of 80° as all the failed material will be contained on the berms.

Starter Pit
N

242 Pit

BShoot Pit

Figure 15-2:

Rock Fall Risk Map

The geotechnical analysis has determined that provided the full design berm width can be
achieved, the rock fall risk is minimal, given the structural condition of the rock mass. Some
operational modifications to bench design may be required over a limited area of the eastern
wall of the 242 Pit to reduce rock fall risk. GSR has trialled limit and pre-split blasting with
variable success and SRK suggests that the mine utilises double benching to increase berm
width and improve berm retention. During development of the final pit walls, appropriate
techniques should be utilised to maximize berm width and reduce rock fall risk.
Pit Stability Post-Underground
Although most of the underground mining will be carried out largely after completion of open
pit mining, there will be interaction between the open pit slopes and the underground stopes.
2
The same Phase models have been used to determine slope factor of safety after
underground mining has taken place.
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Figure 15-3 presents the result of the slope stability analysis of the west wall of the open pit.
The factor of safety of this slope has been estimated at 2.8.
Figure 15-4 presents the results of the slope stability analysis of the north wall of the open pit
after underground mining has been completed. Due to the relatively shallow overall angle of
this slope, the factor of safety is in excess of 5.0.
W

Figure 15-3:

E

West Wall Slope Stability Analysis

N

Figure 15-4:

S

North Wall Slope Stability Analysis
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15.2.3 Modifying Factors and Cut-off Grade
The CoG for the Wassa open pit fresh material based on various estimates and assumptions,
including:
•

gold price of US$1,200/oz ;

•

a Government gross revenue royalty of 5%;

•

a process plant recovery for oxide and fresh material of 92.6%; processing costs are
based on US$17.50 /t for material treated;

•

the base mining cost (including grade control) is estimated to be US$2.99/t for fresh
material;

•

haulage costs are estimated at between US$0.27 to US$0.48/t;

•

rehabilitation costs of US$0.12/t processed; and

•

G&A cost of US$5.51/t processed.

The technical and economic assumptions used in the derivation of the CoG are comparable to
that historically achieved at Wassa and are summarized in Table 15-3. The CoG includes a
mining recovery of 95% and dilution of 10% which is considered appropriate for the mining
methods and mineralization characteristics and is supported by mining experience.
Table 15-3:

Marginal Cut-off Grade for Fresh Material for the Wassa Main Deposit

Parameter
Mining
Process and tailings cost
Admin cost
Contingency
Total cost

Amount
17.50
5.51
0.00
23.01

Unit
US$/t
US$/t
US$/t
US$/t
US$/t

Gold price
Royalty
Refining cost
Contained revenue
Process recovery loss
Net revenue after processing
Mill feed Cut-off Grade

1200
60
5
36.5
2.7
33.8
0.68

US$/oz
US$/oz
US$/oz
US$/g
US$/g
US$/g
g/t

Dilution loss
Mining recovery loss
Net revenue after mining
Process recovery loss
Net revenue after mining and processing
In situ Marginal Cut-off Grade

3.6
0.7
32.2
2.4
29.8
0.77

US$/g
US$/g
US$/g
US$/g
US$/g
g/t

15.2.4 Pit Optimization
A pit optimization exercise was undertaken by GSR at the Wassa Main using Whittle Four-X
software (“Whittle”) and imported resource models with an estimate of the topographic surface
as at End of Month (“EOM”) December 2014. The imported block model is sized at
10 x 10 x 6 m blocks.
The Whittle pit optimization utilised various technical and economic assumptions obtained
from a combination of operating history, experience and company objectives with regards to
gold price and pit shell selection. The Company’s Base Case gold price for 2015 mine
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planning is US$1,200/oz. A summary of the principal optimization parameters is given in Table
15-4.
GSR undertook a number of Whittle optimizations and used the US$1,200/oz shell as a guide
to the final mine design.
Figure 15-5 shows the pit optimization results in terms of material movement, strip ratio and
the net present value (“NPV”) for a range of gold prices. The best case NPV assumes
optimised shells are mined successively to the final shell, while the worst case NPV assumes
that the shell is mined directly from top to bottom
Table 15-4:

Wassa Pit Optimization Input Parameters
Unit

Fresh

Revenue
Au price
Government royalty

Parameter

US$/oz
%

1,200
5

Mining Parameters and Costs - Wassa
Mining recovery
Dilution
Overall slope angle
Reference Elevation
Base Mining cost
Incremental Pit Depth Cost

%
%
deg.
m
US$/t
US$/t/m

95
10
52
154
2.99
0.003

Processing Parameters and Costs
Haul to Plant
Process plant recovery
Process Cost

US$/t
%
US$/t

0.48
92.6
17.50

Other Costs
G&A Cost

US$/t

5.54
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SRK Consulting

Commodity Price (USD/oz Au)
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DCF - Best

DCF - Worst

Diluted Tonnage

Diluted Grade

Stripping Ratio

Figure 15-5:

Cash Cost

Wassa Pit Optimization Results: Material Movement, NPV and Strip Ratio

15.2.5 Open Pit Design
The topography as of EOM December 2014 was the starting point for the open pit design and
is shown in Figure 15-6. SRK notes that the tonnage within the pit shell at US$1200 /oz is
22 Mt. The difference between this and the 16 Mt in the LoM plan is due to:
•

accessibility constraints due to surface infrastructure;

•

inaccessibility of ore due to pit design constraints such as the inclusion of ramps and the
presence of historic pits; and

•

maintaining an appropriate stand-off distance from the underground activities.

The final pit design slopes and benches are based on the geotechnical parameters provided in
Table 15-5.
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Active
Mining Area

Active
Dumping Area

N

Figure 15-6:

Wassa Main Topography as at December, 2014 (GSWL)
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Wassa Open Pit Design Geotechnical Parameters

Parameter
Oxide Slopes
Berm Width
Bench Height
Batter Angle
Overall Slope Angle
Inter-ramp Slope Angle
Fresh Slopes
Berm Width
Bench Height
Batter Angle
Overall Slope Angle
Inter-ramp Slope Angle

Unit

Wassa Main

m
m
deg
deg
deg

5
12
65
45-50
45-50

m
m
deg
deg
deg

5
12
75
34-51
50-55

For Wassa Main, the slope parameters quoted above are based on the parameters for the
individual pits developed with input from SRK, and modified based on experience during
mining.
The pit ramps are designed at a width of 20 m for two-way haulage, reducing to 10 m for oneway traffic in the last 20 m vertical and installed at a gradient of 10%. A minimum mining width
of 30 m is utilised assuming the space required for a CAT 777 haul truck to perform a 3-point
turn.
The results of the pit design have been utilised in conjunction with the latest block model,
topography and face positions to determine the contained mineable resource using the
Measured and Indicated Mineral Resource categories only. Figure 15-7 provides a plan view
of the final pit design with section lines along the strike of the orebody, which show the
location of the following figures.
Figure 15-8 to Figure 15-10 provide typical section view of the Wassa Main pits with the
Mineral Resources coloured green (Indicated) and blue (Inferred) along the strike of the
orebody. The section views also show the December 2014 topography and the final pit design.
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Figure 15-7:

Wassa Main final pit design (GSWL)

Figure 15-8:

Section A – A View of Wassa Main and mineral resources, looking
northeast

I
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I

Section B – B View of Wassa Main and mineral resources, looking north

I

Figure 15-10: Section C – C View of Wassa Main and mineral resources, looking north

15.2.6 Waste Rock Storage Facilities
Waste dumps are located as close to the final pit limit as possible and include design
parameters comprising a lift height of 10 m, berm width of 17 m and a batter angle of 35°. The
final waste dump is re-profiled to an overall slope angle of 20°.
The waste storage designs, shown in Figure 15-11, for each open pit are incorporated into the
mining schedule and have sufficient capacity for the life of the mine.
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Wassa Main dump design in relation to final pit design

15.2.7 Mining Methods and Equipment
A conventional approach to open pit mining is currently being used at the Wassa mine
employing excavators and trucks which are considered typical for this type and style of gold
mineralization. The same approach to equipment and open pit mining are used for the
purposes of the Wassa FS.
Grade control drilling is undertaken and the results used to delineate the mineralized zones for
excavation as well as low grade material and waste.
Drilling and blasting is conducted over bench heights of 6 m and explosives are delivered to
the hole by the manufacturer. Oxide or weathered material is generally only required to be
lightly blasted or in some areas can be excavated as ‘free dig’. Hydraulic excavators are used
in conjunction with conventional blasting practice, to mine a 2.5 or 3.0 m flitch height. Broken
rock is loaded to 95 t capacity off-highway haul trucks to a central stockpile or to the waste
dump. A summary of the equipment in use at Wassa is shown in Table 15-6.
Table 15-6:

Wassa Mining Equipment as at End-2014
Description

Excavators
Haul Trucks
Blasthole Drill Rigs
Dozers
Graders
Water Truck
Total
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The main production fleet of excavators, haul trucks and rotary drill rigs is principally sourced
from the Liebherr, Caterpillar and Atlas Copco manufacturers respectively. In addition to the
main equipment units, there are graders and water trucks as well as various support and
service equipment in use. Operations are conducted on a 2 x 11 h shifts per day basis on a
5-day roster.

15.2.8 Manpower
The number of people currently employed and allocated to mine operations, maintenance and
technical services is presented in Table 15-7. The mine operations labour includes equipment
operators and service crew members, while the mine maintenance labour includes mobile and
workshop maintenance personnel. Technical services includes surveyors, and mining
engineers. The geology group consists of geologists, samplers and technicians.
The mine’s workforce is primarily sourced from within Ghana, with only a limited number of
expatriate staff on site.
Table 15-7:

Wassa Open Pit Mining Manpower Levels

Area
Mine Operations
Mine Maintenance
Technical Services
Geology
Total (Mining)

Number of People
163
79
24
39
305

15.2.9 Dewatering
Current Dewatering
Groundwater does not appear to have posed a major risk to the project thus far and has been
managed without difficulty.
GSWL presently maintains an array of dewatering bores that are monitored to understand
existing hydrogeological conditions impacting on the open pit environments.
The pits are dewatered using in-pit pumps placed in sumps located in the lowest point of the
pit. Wet season arrangements include drainage diversion channels to manage surface water
runoff flows.
This water is managed by pumping it to sediment settling ponds and then releasing the water
to the receiving environment to comply with relevant permits.
Open Pit Inflows
Groundwater inflows vary seasonally, but based on the current dewatering, there is a low
contribution to overall pit inflows. High groundwater inflows sometimes occur, but are safely
managed using the current dewatering system.
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Stormwater runoff to the Starter pit catchment will be minimized through a combination of
catchment modifications (to reduce catchment size), fresh water diversions (to divert water
away from the Starter pit), and the establishment of a storm water collection sump below the
underground portal entrance. The design of the storm water collection sump has been
conservatively designed for a 1:100 year, 250 mm 24 hour duration event, over the largest
possible Starter pit catchment of 41 ha. After backfilling of the pit to provide a platform for the
3
portal the storage volume is 123,000 m which is 120 % of the capacity required to store the
water from the 1:100 year event. Catchment modifications are expected to reduce the actual
catchment size by over 50%.

15.3 Underground Mining
15.3.1 Introduction
The main Wassa deposit is currently mined by open pit using conventional truck and shovel
methods. A Preliminary Economic Assessment was commissioned by GSR in 2014 to
evaluate the economics of mining potentially economic material identified as part of a prior
conceptual study performed by SRK Canada. The PEA demonstrated the economic viability of
mining Indicated and Inferred Resource material using underground mining methods. SRK UK
was subsequently tasked with the following scope for the FS:
•

an underground stope optimization, using the Deswik Stope Optimiser software;

•

a feasibility level design and schedule, building on concepts developed in the PEA;

•

a mining backfill study;

•

mining equipment estimation;

•

mine services plan, including surface infrastructure arrangement, underground mine
water management and communications;

•

manpower estimation;

•

a ventilation study; and

•

capital and operating cost estimate, including a cut-off grade assessment, based on
owner mining.

15.3.2 Geotechnical Design
Introduction
The main purpose of the geotechnical component of the proposed Wassa underground FS will
be the development of the geotechnical characteristics of the underground orebody and
surrounding rock mass using a combination of borehole geotechnical data and a limited
programme of rock strength and deformational laboratory test data in order to:
1. Optimise the stope dimensions using both empirical relationships and 2D numerical
modelling.
2. Provide geotechnical input to the specification and types of stope backfill, if required.
3. Refine the underground support requirements for stopes, production and capital
development.
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4. Provide geotechnical input to mine access options.
To ensure that the tasks listed in the scope of work are achieved, the study has been
undertaken in the following phases:
a)

Carried out a review of relevant data sources provided for this study. Data sources were
discussed in terms of format, quantity and quality. Limitations related to available data
were presented and comment offered on gaps which require further assessment.

b)

Determined the engineering characteristics of the lithologies and rock mass structure.
Evaluated the major structures and geometry of the orebody. Representative small scale
structural sets were determined using the data from orientated borehole core and pit wall
mapping.

c)

Conducted a thorough analysis of the geotechnical data using the available drillhole
database, mapping data and mineralization wireframes in order to classify the rock mass
conditions. Representative design parameters have been allocated to each geotechnical
domain for use in the empirical span and ground support designs.

d)

Carried out empirical stability graph assessments using rock mass and structural
parameters derived from the geotechnical characterisation to determine maximum stable
spans and stope support requirements. Empirical support classification assessments
were carried out to determine the support requirements for the capital development,
decline and vent raises. Calculated the cemented rock fill strength required for backfilling
the primary stopes.

e)

Used a numerical modelling software package to assess the stability of the stope spans,
crown pillar and the pit slopes as a result of the underground mining.

Geology and Structure
The Wassa deposit is part of a large-scale synformal structure that has undergone several
phases of deformation. The synform axis trends NNE-SSW (with respect to Mine North) and
plunges at about 15° to the SSW. The east limb of the fold is sub-vertical and dips at an angle
of 70-80° to the west. The west limb of the fold dips at 45-50° to the SE. The ore is found in a
number of bodies of mineralization that are orientated parallel to the limbs of the fold. The
orebodies are hosted by a series of interbedded metavolcanic and metasedimentary units.
The primary metavolcanic rock type is basalt. This unit is inter-bedded with felsite, felsic
porphyry and metasedimentary units of phyllite and greywacke. Diorite sills and dykes occur
throughout the package. All the rock types are characterised as being strong to very strong,
containing healed very closely spaced complexly folded foliation planes and very wide to
moderately spaced jointing. There is a well-defined zone of oxidation throughout the site. This
zone is generally 40 m thick increasing to up to 80 m thick below topographic highs. The rock
in the oxide zone is weak, becoming moderately strong. It contains relic foliation structures but
is poorly jointed. The rock mass gradationally changes from oxide to fresh over a vertical
distance of 2 m to 5 m.
A number of faults have been identified orientated at right angles to the limbs of the fold.
These are normal faults with downthrows of up to 5 m. The faults are characterised by being
fairly tight with little or no evidence of shearing adjacent to the contacts.
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The following points summarize the main findings of the geological and structural review:
•

the mineralization is hosted in various metavolcanic and metasedimentary units that are
moderately dipping to the west;

•

the most prevalent discontinuity type in the rock mass is the foliation and whilst is often
recorded as being tight healed structures, will act as a plane of weakness for instability;

•

the rock mass structure varies little between each lithology and the small scale
discontinues can be related to the major scale deformational processes that have
affected the deposit; and

•

several joint sets have been identified from the relevant data sources and will be
considered for the mine design criteria.

Geotechnical Characterisation
The rock mass assessment has been conducted as follows:
•

The stope wireframes have been used to define geotechnical domains (orebody,
hangingwall and footwall). The hangingwall and footwall domains have been created
using a 20m thick zone from the stope hangingwall and the footwall.

•

All data has been “tagged” with geotechnical domain (ORE, HW and FW).

•

Datasets have been assessed independently to evaluate:
o

how basic rock mass parameters compare between datasets (RQD, Jn and Jr); and

o

how Q’ values compare between datasets.

The rock mass assessment has been carried out using the computer software programme
Leapfrog V2.6. This enables the user to define geotechnical domains and asses the spatial
variability in the rock mass using the information contained in the drilling database. The
information contained in the drilling database has been “tagged” to the geotechnical domain
for assessing the difference in the rock mass parameters. A cross section through the main
area of the stopes, hangingwall and footwall is presented as Figure 15-12.
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Cross section through the strike of the Stopes (purple), Hangingwall (blue) and Footwall (yellow).

Figure 15-12: Cross sections through main stoping area
The following points summarise the main findings of the statistical analysis of the Q’ for each
domain:
•

The dominant lithology encountered in each domain is the phyllites and then basalts,
diorite and Bmu of equal proportion. The engineering characteristics for each lithology
type are similar with minimal variation in properties.

•

The Q’ data broadly shows a tri-modal distribution with three data peaks centred around a
lower Q’ value of 11-12, a middle value of 22-23 and an upper value of 33-34. Overall,
the RQD classification is excellent and there is minimal variation in the Ja value, so
therefore the three peaks of Q’ data can be related to the Jr value used. The lower Q’ is
classified by the smooth planar joint surfaces, the middle Q’ by the smooth undulating
and the upper Q’ by the rough and irregular.

•

The rock mass quality is considered to be Good using Barton’s Q classification ratings for
the Q’ values calculated.

The following geotechnical parameters have been chosen to represent the rock mass
conditions of the Wassa geotechnical domains and will be used for the stope stability
assessment and the ground support design.
•

Q’ = 23

•

IRS = 110 MPa
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The structural assessment for stope stability has focussed on reviewing all the data sources
discussed in Section 3. The assessment has focussed on defining a representative rock mass
structure that can be used to carry out the stope stability analysis.
Based on the structural assessment of the drillhole data, major structures model and the high
confidence geotechnical mapping carried out the structures presented in Table 15-8 was used
to carry out the stope stability assessment.
Table 15-8:
Discontinuity
Set

Joint Sets used for Stope Design
Dip

Dip
Direction

Confidence

Foliation

55

275

High

J1

75

355

Moderate

J2

60

170

Low

J3

15

270

Moderate

J4

80

50

Moderate

Comments
Discontinuity set expected throughout the deposit,
however mainly as tight healed structures. Plane shows
the average orientation as the foliation pole plots have
high scatter
Observed in the client’s mapping data and show good
correlation with the fault trends in the major structures
model. This set could be the same set as J4; however,
overturned and dipping steeply in the opposite direction.
Observed in the historical data set and correlates with the
orientation of fault F3 in the major structures model. This
set wasn’t recorded in the other data sets.
Observed in all mapping data sets and historic data sets.
A sub-horizontal set is expected to be present given the
steeply dipping foliation.
Observed in the client’s mapping data and show good
correlation with the fault trends in the major structures
model. This set could be the same set as J1 however
overturned and dipping steeply in the opposite direction.

Stope Dimensions and Support
The mining method used for extracting the mineralization will be primary and secondary
longhole open stoping using cemented rockfill for backfilling the primary stopes and
uncemented rockfill for backfilling the secondary stopes. The stope layout comprises
longitudinal stopes that will be used for orebody extraction below the open pit and deeper
transverse stopes which will be used for extraction of the main orebody.
The Q’ value derived from the geotechnical characterisation has been used in conjunction
with the stability graph parameters A, B and C to determine the Modified Stability Number (N’)
for stope roof, end walls and side walls. Stress parameter A has been estimated by calculating
the gravitational stress generated from the weight of the overburden rock above the mining.
The structural parameters B and C were derived from an assessment of the interaction of the
dominant joint sets with the stope boundaries.
SRK has calculated N’ for the Q’ value derived from the rock mass characterisation for both
the longitudinal and transverse stopes. The calculations are presented in Table 15-9.
Figure 15-13 presents the stability graph for the longitudinal stopes. The horizontal line
represents the N’ value for the stope roof as calculated in Table 15-9. The intersection of the
stability number line with the curved stability graph lines defines hydraulic radius limits for
different stope stability conditions.
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The graph in Figure 15-13 indicates that the longitudinal stopes whose stope roof has a
hydraulic radius of 5.7 or lower should be stable without support. Stopes with a hydraulic
radius of between 5.7 and 13 should be stable providing some form of rock support is
installed. Stopes with a hydraulic radius of greater than 13 would likely be unstable even if
rock support were to be installed. Hydraulic radii have been calculated for combinations of
stope roof and stope wall conditions and have been used to create a series of stability design
charts to provide stope dimensions for this study. The stope design charts are presented as
Figure 15-14 and Figure 15-15.
In each the graph, the blue line defines the stope dimension combinations that should be
stable without support for the rock mass conditions.
The green line defines the stope dimension combinations that are considered to be
transitionally stable without support for the rock mass conditions.
The yellow line defines the stope dimension combinations that are considered to be stable
with support for the rock mass conditions.
The red line defines the stope dimension combinations that are considered to be unstable with
support for the rock mass conditions.
From this information, along with the continuity of the mineralized zones, SRK has defined a
basic stope dimension of 15 m wide by 25 m high floor to floor. Transverse stope length varies
from 8 m to 70 m. Longitudinal stopes range from 20-80 m strike length with widths of 8m to
30 m. The range of dimensions is shown on the design charts as shaded blue rectangles. At
these dimensions transverse stopes should remain stable without support. The roof of some of
the larger longitudinal stopes will require cable bolt support.
An assessment of the stope support has been carried out using the stability graph method.
The assessment indicates that the longitudinal stopes require 9 m long cable bolts installed on
2.5 m centres and that the longer transverse stopes may require 6 m long cables installed on
3.0 m centres. The longer stopes should be checked for instability during operations to decide
if there is a requirement for stope support.
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Table 15-9:

Modified Stability Number for Longitudinal and Transverse Stopes
Transverse N' Parameter
Roof

Parameter

Sidewall

Endwall

23.0

23.0

23.0

110

110

110

350

350

350

Sigma 1 (MPa)

9.45

9.45

9.45

Stress:strength ratio

11.6

11.6

11.6

Factor A

1.0

1.0

1.0

Angle between stope face and
daylighting joint

15

15

45

Factor B

0.2

0.2

0.5

Gravity

Slabbing

Slabbing

0.00

90.00

60.00

Q'
UCS (MPa) Sigma C
Depth (m)

Potential Failure Mode
Dip of Stope Face

Comments
Based on Statistical analysis of RQD,
Jn, Jr and Ja
Average intact rock strength
Average depth of mining below
surface
Estimated overburden stress at mining

Critical Joint for roof, sidewall and
footwalll is subhorizontal J3 and the
endwall is J1
Gravity fall of blocks from stope roof
and slabbing from sidewall and
endwall.

Dip of Critical Joint
Factor C

2.0

8.0

5.0

N = Q' x A x B x C

9.2

36.8

57.5

N value is for all stopes (90°)

Longitudinal N' Parameter
Roof

Parameter

Sidewall

Endwall

23.0

23.0

23.0

110

110

110

250

250

250

Sigma 1 (MPa)

6.75

6.75

6.75

Stress:strength ratio

16.3

16.3

16.3

Factor A

1.0

1.0

1.0

Angle between stope face and
daylighting joint

15

45

15

Factor B

0.2

0.5

0.2

Gravity

Slabbing

Slabbing

0.00

55.00

90.00

Q'
UCS (MPa) Sigma C
Depth (m)

Potential Failure Mode
Dip of Stope Face

Comments
Based on Statistical analysis of RQD,
Jn, Jr and Ja
Average intact rock strength
Average depth of mining below
surface
Estimated overburden stress at mining

Critical Joint for roof, sidewall and
footwalll is subhorizontal J3 and the
endwall is J1
Gravity fall of blocks from stope roof
and slabbing from sidewall and
endwall.

Dip of Critical Joint
Factor C

2.0

4.6

8.0

N = Q' x A x B x C

9.2

52.4

36.8
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Figure 15-13: Stability Graph for Longitudinal Stope Roofs
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Figure 15-14: Stope Design Chart: Longitudinal Stope
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Figure 15-15: Stope Design Chart: Transverse Stope
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Cemented Rockfill Strength
When mining a primary/secondary stope sequence, in order to ensure full ore recovery, fill
needs to be introduced into the primary stopes prior to extracting ore from the secondary
stopes. The purpose of the fill is to provide support to the roof of the primary stopes. The fill is
also required to stand as a vertical face for the full stope height to allow the ore in the
secondary stopes to be mined without the primary stope fill diluting the secondary stope ore.
Once secondary stopes have been mined, they are normally filled with uncemented rock fill as
vertical fill face stability is no longer required. An estimate of cemented rock fill (“CRF”)
strength required to maintain a stable vertical fill face of 25 m high has been made utilising
limit equilibrium stability methods. The results of this analysis, which are illustrated graphically
in Figure 15-16, indicate that to create a stable vertical fill face with a factor of safety between
2.0 and 2.5, the CRF will require to have an unconfined strength of no less than 600 kPa.

Figure 15-16: CRF Strength Design Graph
Development Stability and Support
Barton’s Q support classification system has been used to estimate support requirement for
footwall and orebody extraction development. The width of the footwall and orebody extraction
development is 5.5 m and they are deemed to have an Excavation Support Ratio (“ESR”) of
1.3. The results of this assessment are presented in Table 15-3 for a Q’ range of < 10 to > 40.
The Q values have been calculated assuming Jw = 0.66 and SRF = 2.5. The percentage of
rock in each rock mass class has been calculated from the distribution of Q’ values within the
footwall domain of the geotechnical logging database.
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Table 15-10:

Development Support Assessment

Rock Mass
Class

Q’ Range
(m)

Percentage of
rock in each
Class

Poor

< 10

Poor

Support Type

Bolt Spacing
(m)

Bolt Length
(m)

3

Pattern bolting and mesh

1.7

2.4

10 - 20

15

Pattern bolting and mesh

2.0

2.4

Fair

20 - 30

52

Pattern bolting only

1.7

2.4

Good

30 - 40

30

None or spot bolting

-

2.4

Good

> 40

1

None or spot bolting

-

2.4

The support recommendations shown in Table 15-10 have been modified in relation to the
development duty requirement as follows:
•

systematic pattern bolting support of all capital development will be undertaken with
installation of mesh in in areas of closely jointed ground;

•

cable bolting of all capital development intersections, using 6 m long cable bolts; and

•

spot bolting will be carried out as required in temporary production development.

The same support classification system has been used to estimate support requirement for the
ramp decline. The 5.5 m wide decline is deemed to have an ESR of 1.3. The results of this
assessment are presented in Table 15-11 for a Q’ range of < 10 to > 40. The Q values have
been calculated assuming Jw = 0.66 and SRF = 2.5. The percentage of rock in each rock
mass class has been calculated from the distribution of Q’ values within 50 m of the decline
drive from the geotechnical logging database.
Table 15-11:

Decline Development Support Assessment

Rock Mass
Class

Q’ Range
(m)

Percentage of
rock in each
Class

Poor

< 10

Poor

Support Type

Bolt Spacing
(m)

Bolt Length
(m)

<1

Pattern bolting and mesh

1.7

2.4

10 - 20

12

Pattern bolting and mesh

2.0

2.4

Fair

20 - 30

42

Pattern bolting only

1.7

2.4

Good

30 - 40

41

None or spot bolting

-

2.4

Good

> 40

4

None or spot bolting

-

2.4

Raise Bore Stability
The Wassa underground mine requires raise-bored shafts for exhaust raises, which are 4 m in
diameter. Pilot hole drilling has not been carried out and the geotechnical model indicates that
the existing drillholes do not intersect the raises, therefore the lower Q’, average Q’ and upper
Q’ values of 11, 23 and 33, presented in Table 15-12, have been used as input values to the
raise-bore stability assessment. The Q values have been calculated assuming Jw = 0.66 and
SRF = 2.5. The stability of the raise-bored shafts has been evaluated using McCracken and
Stacey’s raisebore quality index QR1. The results of the analysis are presented in Table
15-12.

1

McCracken A & Stacey T,R,. 1981. Geotechnical risk assessment of large diameter raise-bored shafts. Shaft Engineering, InstiMin Met, pp.
309–316.
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Table 15-12:

Raisebore Stability
Weathe
ring
adjust
ment
0.75

Qr

RSR

Span
(max)

2.5

Orienta
tion
adjust
ment
0.85

4.628

1.3

4.80

6.073

2.5

0.85

0.75

9.677

1.3

6.45

8.712

2.5

0.85

0.75

13.885

1.3

7.45

Q’

Jw

SRF

Q

Wall
adjust
ment

11

0.66

2.5

2.904

23

0.66

2.5

33

0.66

2.5

The raisebore assessment indicates that 4 m diameter raise-bores should be stable in the rock
mass when considering the lower, average and upper Q’ values. Prior to undertaking any
raise-boring, it is recommended that the following steps, which are industry standard practice,
are taken to assess the stability and determine the requirement for ground support:
•

review all available geological and geotechnical data relevant to the area of the raisebore,
such as logging data and exposed faces in advancing headings (if available);

•

define the Q for each geotechnical interval within the proposed raisebore;

•

calculate the QR using the McCracken and Stacey method to define the maximum
diameter or unsupported sidewalls in the raise bore;

•

identify the critical geotechnical intervals that have a maximum unsupported diameter of
less than the proposed raisebore diameter, which can cause falls of rock blocks and
create short-term stability issues; and

•

drill a pilot hole in the location of the raisebore and geotechnically log the core to
calculate the QR along the entire length of the hole.

Based on this assessment, internal raises and stope slot raises, which will be 4 m or less in
diameter, are also likely to be stable for the full range of rock mass conditions expected at
Wassa.
Stope Stability Modelling
A stability analysis of the underground mining and pit slopes was carried out using a finite
element analysis program, Phase², (Rocscience Ltd). The program is able to produce Strength
Factors and Shear Strength Reduction values which are used to assess the stability of the
stope roofs, pit slopes and crown pillar.
Composite longitudinal and transverse sections, as presented in
Figure 15-17and Figure 15-18, were constructed and input to the finite element rock
mechanics program Phase2 to determine:
•

Whether the mining sequence generated zones of high stress within secondary stopes or
unmined areas between stoping blocks that could give rise to difficult mining conditions or
instability in access development.

•

The stability of the crown pillar below the open pit.

•

Whether underground mining will have an impact on the stability of the open pit slopes.
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N

S

Figure 15-17: Phase² model longitudinal section geometry
W

E

Figure 15-18: Phase² model transverse section geometry
The rock mass was modelled using the Hoek-Brown strength criterion. The intact rock strength
was derived from the average UCS laboratory test result. The mi value was taken from
empirical charts. Geological Strength Index (“GSI”) was based on the calculated Q’ values
from the rock mass logging. The disturbance factor was applied to the entire rock mass.
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The rock mass elastic modulus (“Erm”) was derived from the average Young’s Modulus from
the laboratory results using the empirical formulae built into the modelling program (Phase²)
2
suggested by Hoek and Diederichs (2006 ) which uses GSI and disturbance factor (D).
Residual parameters were used when failure of the rock mass occurred and the rock mass
strengths were recalculated by reducing GSI by 7. The input parameters for the rock mass are
shown in Table 15-13.
Table 15-13:
Domain
Rock mass
Backfill

Rock mass input parameters.
Unit
Weight
(kN/m³)
27.0
20.0

Young's
Modulus
(GPa)
21
0.5

Poisson's
Ratio

Friction
Angle (°)

Cohesion
(kPa)

0.33
0.35

30

250

Intact
Compressive
Strength (MPa)
110
-

GSI

D

mi

67
-

0.7
-

20
-

Extraction of the stopes in the Phase2 model was carried out in the same order as would be in
reality; that is, from north to south and from bottom to top. On each mining level, all primary
stopes were excavated simultaneously. These were than backfilled and the secondary stopes
were excavated. Finally, the secondary stopes were filled before mining of the primaries on
the level above commenced. In total, 41 mining steps were modelled to extract the full Wassa
stope inventory.
The stope stability assessment has focused on analysing the strength factor along the roof of
each stope at the time of excavation in the mining sequence. The strength factor is the ratio of
the rock mass strength and mining induced stress. If the strength factor exceeds a value of
unity, then the rock strength is greater than the mining induced stress and the rock mass
surrounding the mining excavation is considered to be stable. If the strength factor is less than
unity, then the mining induced stress exceeds the rock mass strength and stope instability
may occur.
Figure 15-19 shows a strength factor contour plot around the 670 m level primary stopes. The
secondary stopes are unmined. The stopes below the 670 m level have been mined and
backfilled. The strength factors in the roof of the primary stopes are all above unity, indicating
that the stopes are stable.

2 Hoek, E. and Diederichs, M.S. (2006). Empirical estimation of rock mass modulus. International Journal of Rock Mechanics and Mining Sciences, 43, 203–215.
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Figure 15-19: 670 m Level Primary Stope Roof Strength Factors
Figure 15-20 presents a histogram of roof strength factors, sampled at 1 m intervals across
the roof of primary stopes and secondary stopes, for the full stope inventory. None of the
strength factors is less than unity, indicating that all stopes should be stable against stress
related instability. This is to be expected given the relatively shallow mining depth and high
rock strength.

Figure 15-20: Stope Roof Strength Factors
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Crown Pillar Stability Modelling
The crown pillar stability assessment has focused on analysing the strength factor through the
middle of the pillar. The results of the analysis are presented in Figure 15-21, which shows the
strength factor contours in and around the 25 m high crown pillar during the excavation of level
695 secondary stopes. The values shown through the middle of the crown pillar are the
strength factors at 25 m spacing. The strength factors at 1 m spacing through the centre of
the crown pillar have been plotted as a line graph in Figure 15-22 to show the variability from
the north to the south.
The results show that the strength factors for the crown pillar is above the equilibrium value of
1.0 indicating that it is stable for the duration of the mining.
N

S

1.43

1.30

1.03

1.14

Stope

1.11

Excavated
Secondary
Crow n Pillar

Backfilled
Primary
Stope

Figure 15-21: Crown Pillar Strength Factor

Figure 15-22: Strength Factor through the middle of crown pillar
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15.3.3 Cut-off Grade for Mine Design
The underground planning cut-off grade was based on the 2014 PEA cost results and
processing recovery. The inputs are summarised in Table 15-14. The final COG for the
underground project, based on the cost estimate detailed in Section 20, is presented in Table
15-15.
The final overall estimated mining dilution and recovery values are 7% and 90% respectively.
Table 15-14:

Wassa Underground Planning Cut-off Grade

Parameter
Mining Cost
Processing Cost
G & A Cost
Contingency (on operating cost)
Royalty
Gold Price
Plant Recovery
Cut-off Grade

Table 15-15:

Unit
US$/t Mined
US$/t RoM
US$/t RoM
US$/t RoM

COG
40.00
17.50
5.54
9.50
5%
1,200
93%
2.51

US$/oz
g/t Au

Wassa Underground Reserve Cut-off Grade (based on final costs)

Parameter

Unit

Amount

Mining

US$/t

42.97

Process and tailings cost

US$/t

17.50

Admin cost

US$/t

5.51

Contingency

US$/t

4.30

Total cost

US$/t

70.28

Gold price

US$/oz

1200

Royalty

US$/oz

60

Refining cost

US$/oz

5

Contained revenue

US$/g

36.5

Process recovery loss

US$/g

2.7

Net revenue after processing

US$/g

33.8

g/t

2.08

Dilution loss

US$/g

2.6

Mining recovery loss

US$/g

3.4

Net revenue after mining

US$/g

30.5

Process recovery loss

US$/g

2.3

Net revenue after mining and processing

US$/g

28.2

g/t

2.48

Mill feed Cut-off Grade

In-situ Cut-off Grade
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15.3.5 Stope Optimization
Stope dimensions were determined based on geotechnical recommendations and the
mineralized geometry. Stope optimizations were run in Deswik’s Stope Optimser (“SO”) using
a 2.5 g/t Au cut-off grade. Based on work performed in the PEA, a 15 m wide by 25 m high
stope to be mined using transverse long hole open stoping was selected as the basis for the
mine plan; it was felt that higher productivities and lower mining costs would be achieved on a
larger stope, without compromising on selectivity. Initial optimizations allowed for the
possibility of mining sub-stopes between 10 and 20 m high, but this material was excluded
from further mine planning in order to simplify mine design and scheduling. An additional
optimization was run on a 5 m wide by 25 m high stope to identify areas that could be mined
by longitudinal open stoping. A third optimization was performed on a mining height of 15 m
for an area of high grade material identified mid-way between the decline portal and the first
mining sub-level. A summary of the stope optimization parameters is presented in Table
15-16.
Table 15-16:

Wassa FS Stope Optimization Parameters

Parameter
X interval
Z Interval
Y Slicing Interval
Minimum Stope Width
Maximum Stope Width
Minimum Waste Pillar
HW Dilution
FW Dilution
Min/Max Dip
Au COG

Unit

Value
m
m
m
m
m
m
m
m
deg
g/t

5-10
10-25
0.5
10
100
10
1
0.5
55-120
2.5

The optimization was performed taking into account Measured and Indicated Resource
material only. Table 15-17 presents the results of the stope optimization. Though Inferred
material was treated as waste for the purpose of the optimization, a small amount of (less than
1%) has been included as internal waste.
Figure 15-23 shows the spatial distribution of the optimizer stope results prior to the stope
selection and design process.
Table 15-17:
Stope Height (m)
10
15
20
25
Total

Summary of Mineable Stope Optimiser results
Indicated
Internal
Total
Total In situ
Total Metal
In situ
Waste
Grade
Tonnes
(oz)
Tonnes
Tonnes
(g/t)
54,600
51,000
3,600
5,400
3.08
289,400
273,900
15,500
26,900
2.89
94,700
86,800
8,000
8,400
2.76
6,450,100
5,905,700
544,400
876,500
4.23
6,888,800
6,317,300
571,500
917,100
4.14
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Figure 15-23: Isometric view looking west of stopes resulting from the Deswik Stope
Optimiser
The in situ tonnages reported from the stope shape interrogation include internal dilution,
defined as mineralization below cut-off grade that must be mined in order to extract higher
value material. In order to achieve the stope sizes that permit the economies of scale
expected from a high-production, bulk mining method, a certain amount of internal waste must
be mined. In the case of the Wassa Main deposit, this mineralization below cut-off is gradebearing and its metal contribution is included in the stope optimization metal inventory.

15.3.6 Stope design
Design of the stopes to be mined was guided by the Deswick stope optimization process. The
Deswick generated shapes were further evaluated on the following parameters:
•

That 25 m sub-levels would be the final spacing, and which stopes highlighted in the 10,
15 and 20 m high Deswick runs might be able to be taken. For example, as blind up-hole
stopes of lesser height.

•

Location to the final open pit base and walls. The evaluation considered crown pillar
requirements and the stability of final open pit walls. Some stopes inside the final pit are
to be mined for enhancing ore flow and therefore cashflow from underground operations.

•

Isolated stoping areas were evaluated with consideration to the mine development costs
to produce from these areas.

•

The applicability and/or suitability of the transverse mining method to the generated
shapes.
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The target stope shapes in the upper levels of the mineralization tended to be short in the E-W
direction (10-30 m) and have good continuity in the N-S direction of up to 150 m in places.
This geometry meant that the transverse method with primary/secondary stopes appeared
much less favourable than a longitudinal stoping method. The added benefits of a longitudinal
approach would be:
•

the removal of the need for primary/secondary extraction and therefore the added cycle
complications; and

•

reduction in the complexity and operating cost of mining as a bottom up method could
avoid the need for any engineered and cemented backfill, therefore.

An area that was eventually designated panel 1 from 820 mRL and with a base 100 m lower
on 720 mRL was selected for this mining method. There was a natural change in geometry of
the mineralization at this depth and only a small sill pillar (ore-loss) required between panel 1
and the first transverse panel (panel 2) beneath it.
The stopes selected for inclusion in the production schedule are shown in Figure 15-24 and
Figure 15-25. The resulting mineable tonnes available for scheduling are presented by mining
method in Table 15-18. With all development (including ore-drives) excluded, the tonnes and
grade in the final stopes and before any additional modifying factors applied are also
presented in Table 15-18.
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Figure 15-24: Plan view showing stopes included in Wassa underground mine plan
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Figure 15-25: View looking west of stopes included in Wassa underground mine plan
Table 15-18:

Stope Inventory by Mining Method (in situ)

Stope Type
Longitudinal Stopes

Transverse Stopes

Total

Above 2.5 g/t Au
0.7 to 2.5 g/t Au
Below 0.7 g/t Au
Total
Above 2.5 g/t Au
0.7 to 2.5 g/t Au
Below 0.7 g/t Au
Total
Above 2.5 g/t Au
0.7 to 2.5 g/t Au
Below 0.7 g/t Au
Total

Tonnes (kt)
663
120
61
844
3,107
465
204
4,147
3,769
585
265
5,479

Indicated
Grade (g/t Au)
4.89
1.81
0.44
4.13
5.79
1.82
0.42
4.56
5.63
1.82
0.42
4.85

Metal (koz)
104
7
1
112
578
27
3
608
5.63
1.82
0.42
4.85

*Totals may not match due to rounding

15.3.7 Development Design
SRK has used a decline access from the starter pit as the primary access. This decline access
leverages elevation gains from the pit and is established with a relatively simple portal
excavation into a competent fresh rock pit highwall. From the portal elevation of 910 mRL it
will be a short length of decline required to access early stoping horizons in the halfway pods
at 825 mRL and the first ore-drive sub-level on 820 mRL.
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Portal Access
The portal elevation was raised from the starter pit base in order to avoid water ingress from
groundwater flows and storm events. Backfill of the pit to access the portal height is shown in
Figure 15-26.

Figure 15-26: View of portal access pad in Starter Pit at end of March 2015
A key requirement of the backfill elevation is to maintain a storage volume below the 910 mRL
to contain run-off water from rainfall events and avoid any overflow and inundation of the
3
portal and underground workings. The partial backfilling of the starter pit requires 159,000 m
of rock or 318,000 t, this maintains greater than 150% storage capacity for a 1:100 year short
duration storm event. A 1 m thick base of low grade will be spread over the 910 mRL pad and
compacted prior to ore placement to avoid dilution from the underlying waste during rehandling. Steel sets (10 m long section) will be installed at the portal to give a protection
canopy around the entrance.
The main decline is designed with a cross-section of 5.8 m H x 5.5m W to allow truck passage
whilst under secondary ventilation conditions. To optimise the cost per tonne performance of
the project, large mechanised equipment is vital.
The decline will also act as the primary ventilation intake for the initial years of operation. The
Ghanaian mining regulations restrict air velocity to 6 m/s under these conditions. This size
3
heading will allow up 191 m /sec of volume. Figure 15-27 shows a cross-section of the main
decline with the mine services (ventilation, piping, communications) with respect to the CAT
AD55B underground haul trucks selected for the Project.
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Figure 15-27: Cross-section of main decline
The concepts guiding the mine design are:
•

sub-level accesses on 25 m vertical centres aligned along the strike of the mineralization
to facilitate support service connections sub-vertically;

•

all primary development in the true footwall of the mineralization for long-term
geotechnical stability.

•

development of main ramps at a constant 15% (1:7; ≈8°) grade to maximize vertical gain
per metre developed and minimize final haul distance, which is the major operating cost
activity;

•

access for large, efficient and lowest cost per tonne performance; and

•

ventilation design that would permit early production and minimize additional capital
development whilst being adaptable to the longer term needs.

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 147 of 294

May 2015

SRK Consulting

Wassa FS - Main Report

The key features of the final design are:
•

The main decline is a figure of eight design that provides a smoother operational life on
mobile fleet by allowing transmissions, wheel ends, tyres, springs, shock absorbers, etc
to wear evenly as opposed to the constant spiral ramp design that sees equipment
aggressively wear out one side of components out;

•

A second connection from the starter pit, the return ventilation drive is excavated in
parallel with the main decline from the starter pit to the 820 mRL and provides the primary
ventilation loop and secondary mine access. This replaces an alternate vertical raise
which was problematic to site with open pit constraints and SRK believes de-risks the
development of the operation by carrying the ventilation loop with mine advance;

•

The decline is positioned where possible to give infill diamond drilling coverage ahead of
mining for correctly positioning footwall drives;

•

The footwall drives are aligned generally with the strike of the mineralization and
terminate at the strike limit of the stopes. The footwall drives are nominally 15m from the
footwall of the orebody (stope limits), striking a balance between geotechnical stability
and maintaining short waste cross-cuts to ore development;

•

The initial accesses include support infrastructure such as ventilation raises, escsapeway
access and raises and dewatering silt settling sumps;

•

Materials handling has been designed to cater for both ore stockpiling, backfill tipping and
truck loading in the one location for efficient operations of both the trucks and Load Haul
Dump (“LHD”);

•

A final ventilation raise connecting to the surface from the 645 mRL; and

•

Underground magazines and a main pump station on the 645 mRL are designed;
however, no refuelling bay or workshop is included in the design. These activities will take
place in the portal area or at the surface workshop.

Figure 15-28 and Figure 15-29 illustrate the final decline design for the FS. The ramp
commences in the pit then heads south east towards the mining areas. Further detail of the
design is presented in Figure 15-30 to Figure 15-33. A summary of development metres for
the whole underground design is provided in Table 15-19.
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Figure 15-28: Plan view of Wassa decline access design
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Figure 15-29: Long section looking west of Wassa decline access design
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Figure 15-30: Plan view of the first two longitudinal mining levels to 820 and 795 mRL,
including main access
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Figure 15-31: View looking west of longitudinal stopes and main access development

Figure 15-32: Plan view of a transverse mining level (670-695 mRL), including main
access
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Figure 15-33: View looking west of transverse stopes, including main access
infrastructure
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Table 15-19:

Summary of Development Requirements

Heading Type

Development type

Decline

lateral

Exhaust raises

vertical

Footwall drives

Height
(m)

Width
(m)

Length
(m)

5.8

5.5

3,122

4

4

833

lateral

5.8

5.5

2,458

Ventilation lateral access

lateral

4.5

4.5

1,173

Cross cuts from decline

lateral

5.8

5.5

1,278

Sumps

lateral

4.5

4.5

172

Escapeway access

lateral

4.5

4.5

228

Escapeway raise

vertical

1.2

1.2

401

Decline rehandle bays

lateral

5.8

5.5

314

Production rehandle bays

lateral

5

4.5

912

Other lateral waste

lateral

4.5

4.5

8,218

Backfill tipping bay

lateral

7

5

404

Truck loop/loading access

lateral

5.8

5.5

451

Diamond drill chambers

lateral

5

5

38

Ore pass
Upper ventilation drive connection to
surface

vertical

3

3

27

4.5

5

626

Intake Raise

vertical

3

3

107

Main pump station

lateral

6

8

21

Longitudinal stope access

lateral

4.5

5

2,543

Transverse stope access

lateral

4.5

5.5

6,444

Exploration drive

lateral

4.5

4.5

288

lateral

Total

30,058

15.3.8 Backfill
Introduction
An engineered cemented backfill will be required to maintain support for mining the secondary
transverse stopes and increasing the overall level of extraction. Based on the results of the
PEA, CRF was retained as the backfill solution for the feasibility study.
The longitudinal stoping areas will be backfilled with waste fill (“WF”), as no subsequent
support will be required in those areas. This has the following advantages:
•

delaying the requirement for CRF by 30 months (from start of development until first
primary transverse stopes are ready for CRF), thus removing the backfill plant
construction from the critical path to production and reducing up-front capital
requirements;

•

serves as a repository for underground development waste, reducing surface waste rock
storage requirements; and

•

reduces mining cost for longitudinally mined stopes as no cement is required.

Secondary stopes will be filled with un-engineered waste rock (rock fill, “RF”) as required or in
some instances left open.
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Cemented Rock Fill
CRF is comprised of sized aggregate mixed with binding agents and delivered to the open
stope by the existing mining fleet. It is a relatively simple system of backfill compared with
alternate hydraulic fill systems.
Kovit Engineering (“Kovit”) from Sudbury, Canada, undertook design and cost estimates that
formed the basis of the system. This includes:
•

Aggregate from suitable underground or open pit waste sources shall be crushed to a
100 mm top-size, but with a 2:1 coarse to fines ratio (where 10 mm is the determining
size). This will be done near the primary open pit waste dump by a dedicated mobile
crushing plant and hauled to the portal site.

•

A CRF preparation plant will be located within a few hundred metres of the portal and will
contain:

•

200 t bulk cement storage silo, weigh hopper and screw feed conveyor;

•

crushed rock loading weigh hopper, that will be feed by a front end loader and conveyor
belt feed;

•

9 m reversing drum mixer;

•

admixtures storage and dosage unit; and

•

drive-through truck loading.

•

Haulage underground by the standard 55 t mining trucks and tipping into dedicated
backfill tipping bays located on each level.

•

Placement into the stopes by 17 t capacity LHD, the standard mining LHD.

3

The total backfill requirements over the LoM (Total CRF 1.40 Mt; Rock Fill (RF) 1.54 Mt, and
overall ratio of backfill to processed ore is 0.54) are shown monthly in Figure 15-34. SRK
notes there exists sizeable opportunity to reduce both the CRF and RF volumes in operations.
The sustained monthly peak of backfill is 45-50,000 t during the final years of mining, with
around half of that requirement in CRF.
The overall system is as shown in Figure 15-35 and the CRF mixing facility as shown in Figure
15-36.
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LoM monthly backfill requirements
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Figure 15-35:
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Backfill system proposed for Wassa UG (Kovit, 2015)
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Figure 15-36:

Wassa FS - Main Report

CRF mixing system (Kovit, 2015)
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Backfill strengths
The strength requirements for free standing (double side) fill exposures have been well
developed in the mining industry and considerable experience has been gained with mining
adjacent to backfilled stopes.
The backfill strength requirements were assessed by Kovit with regard to the range of stope
sizes in the mine design. The stopes all have fixed heights of 25 m and widths of 15 m. The
strike length or wall exposure will vary between 15 m and 75 m. For the minimum and
maximum wall exposures the required strengths are shown in Table 15-20 and Table 15-21
Table 15-20:

CRF strength requirements for 15 m long transverse stope

Description
Unit weight of fill (ρ)
Height of fill wall
Span of fill
Depth of fill
Factor of Safety (300 kPa)
Factor of Safety (500 kPa)

Table 15-21:

Unit
kN/m3
m
m
m

Value
22
25
15
15
1.3
2

CRF strength requirements for 75 m long transverse stope.

Description
Unit weight of fill (ρ)
Height of fill wall
Span of fill
Depth of fill
Factor of Safety (500 kPa)
Factor of Safety (700 kPa)

Unit
kN/m3
m
m
m

Value
22
25
75
15
1.3
2

Kovit advised a 5% cement addition can achieve the required strength using the method
discussed. Kovit advised that, in practice, CRF cement additions range between 5 and 10%;
the controlling variables are the ultimate strength, the quality of mixing and placement and the
particle size distribution of the rock fill. SRK has chosen to be conservative and applied a 10%
cement addition by weight for costing purposes.

15.3.9 Materials Handling
The primary materials to be handled in order of volume are:
•

ore (rock);

•

waste rock and backfill (both RF and CRF);

•

silt and mud;

•

road-base;

•

mining supplies (explosives, ground support, service piping); and

•

fuel.

Bulk materials shall be hauled by a nominally rated 55 t underground truck, specified in this
FS as the Caterpillar AD55B which is the largest specialist truck from the main equipment
manufacturers with a track record. Some 60 tonne trucks from Atlas Copco and Sandvik are
now available on the market and these would also fit in the planned mine openings. Moving
rock from development and production sources and placing backfill will be done by a 17 t
rated LHD, in this FS specified as the AD55B matching Caterpillar 2900.
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Loading of trucks with backfill from surface when required will be performed by a Caterpillar
966 size front end loader.
Initially, both waste and ore rock will be hauled to the portal pad for separate stockpiling.
Stockpiled rock will then be hauled away on a campaign basis by the Open Pit mining fleet,
with waste rock to the existing open pit waste rock dumps and ore to the processing plant
stockpiles.
From Q3 2016, waste rock from underground development operations will be able to be
hauled to the production stopes for RF backfill. It can be hauled directly to the backfill tipping
bays and rehandled by LHD to the stopes. There will be times when stopes are not available
and waste rock will be hauled to surface. Conversely, there will be occasions when stope
filling is required faster than waste rock is produced from development and, in these cases,
waste rock from surface will be hauled done as a backload from surface.
From Q4 2017, CRF will be required. All CRF is mixed on surface and trucked down as
backloads.
Once steady state operations are achieved after around 24 months, all underground
development waste will report to a backfill tipping bay and rehandled into a non-CRF stope.
There should generally always be a stope with no linked dependents linked that can be used
as waste becomes available for filling. This will free up space at the portal for the CRF mixing
and loading infrastructure and only ore shall be stockpiled on surface.
Crushed rock to feed the CRF plant will be hauled from the crusher at the waste dump on an
as needs basis by three 40 t road trucks.
Mining supplies for normal mining operations shall be bought underground by the 930K utility
vehicle with forks attached for any supplies readily packaged on pallets, such as:
•

bagged ANFO;

•

rock-bolts and mesh; and

•

ventilation ducting.

Other mining consumables will be transported on light vehicles to underground stores or end
use, such as drill consumables, pipe connections, valves, etc.
Packaged explosives and detonators will be transported in dedicated vehicles to the
underground magazines.

15.3.10 Mobile Fleet
SRK has designed and scheduled the mine to take advantage of the orebody geometry and
generally good quality rockmass conditions. Large rubber tyred diesel engine equipment has
been selected with the aim of reduced unit costs and with the following in mind:
•

industry proven and quality specially designed underground equipment;

•

simplest technology fleet wherever possible (drills as hydraulic rather than superdrill
electric over hydraulic); and

•

fleets with a history of local operation in order to leverage local operational and
maintenance expertise and OEM support knowledge and parts in store.
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The mine equipment fleet is presented in Table 15-22 and consists of:
•

Twin boom drill jumbos to undertake development activities, boring faces and installing
rock support including mesh if required (Sandvik powerclass drills, Axera or DD421).

•

LHD of 17 t capacity for development mucking, production mucking including line of site
remote control operations, truck loading and hauling backfill from backfill bays to stopes
(CAT2900);

•

Articulated 55 t capacity trucks for the transport of ore and waste both within the mine
and to surface, back-loading fill from surface to underground and hauling mud or silt from
underground settling sumps (CATAD55B).

•

A top-hammer longhole drill for stope drilling and drilling of longhole raises between sublevels (Sandvik DL411 or similar);

•

An ‘Integrated Tool carrier’ type of service vehicle for a variety of roles (CAT930K), such
as:

•

face and stope charging;

•

service piping installation;

•

ventilation ducting installation and maintenance;

•

transporting supplies underground;

•

maintenance functions, (tyre changing, lifting components in and out of equipment); and

•

other general duties (mucking surface sumps, loading trucks on surface with road-base.

•

A dedicated explosives charge vehicle for once charging operations become a fulltime
requirement (Normet Charmec).

•

A 12 foot blade grader to maintain the roads underground (CAT12H or similar).

•

A 6 m FEL for loading backfill to underground trucks on surface.

•

Light vehicles, utilities and personnel carriers (Toyota type).

3

The size of each equipment fleet as calculated based on equipment productivities developed
by SRK based on engineering first principles and equipment operating experience. The
productivity drivers are summarized in Table 15-23.
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Table 15-22:

Underground Mining Equipment Fleet

Equipment
CAT R2900 17t LHD
Sandvik DD421 jumbo
CAT AD55 55t haul truck
Sandvik DL411
CAT 930K tool carrier
Normet Charmec explosive truck
CAT 12H grader
CAT 966 FEL

Peak No.
5
2
6
2
3
1
1
2

Engine kW
305
110
439
110
115
96
133
199

Availability
85%*
80%
85%
85%
85%
85%
85%
85%

*For LHD on production (remote control) availability reduced to 70%
Table 15-23:

Equipment Productivities

Equipment
Trucks
Cat AD55B
Hauling from stockpiles
Loaders
Cat R2900G

Development face to truck
Development face to stockpile
Stockpile to truck
Overall (Loading to and from stockpile)
Production bogging
Jumbos
Twin Boom Jumbo - Ramp Access
Twin Boom Jumbo - Access & Footwall Drive
Twin Boom Jumbo - Auxiliary Heading
Twin Boom Jumbo - Transverse Ore Drive
Twin Boom Jumbo - Longitudinal Ore Drive
Longhole drill
Sandvik DL411-7
Auxiliary Equipment Fleet
CAT 930K
Normet Charmec 6605 B
Cat 12H
Light vehicles
FEL Loader - 966

Unit
maximum monthly engine hours
average tkm/engine hour
maximum monthly engine hours
(non-remote)
maximum monthly engine hours
(remote)
t/engine hours
t/engine hours
t/engine hours
t/engine hours
t/engine hours

Productivity
402.3
167.1
377.2
289.9
167.3
212.0
218.4
107.6
117.5

maximum drm/month
drm/hour
maximum drm/month
drm/hour
maximum drm/month
drm/hour
maximum drm/month
drm/hour
maximum drm/month
drm/hour

21,996
57.4
21,996
57.4
25,078
65.4
26,919
70.2
26,919
70.2

maximum drm/month
drm/hour

6,294
16.0

maximum monthly engine hours
maximum monthly engine hours
maximum monthly engine hours
maximum monthly engine hours
maximum monthly engine hours

383.4
383.4
383.4
383.4
383.4

15.3.11 Mine Ventilation
Basis of design
SRK has carried out an analysis of ventilation requirements at Wassa using VENTSIM
VISUAL software. The aim of this analysis is to determine primary and secondary fan
requirements, duct and airway sizes for the LoM plan. The principal objectives of a ventilation
design are:
•

remove the diesel exhaust fumes from mechanised mobile equipment;

•

remove blasting fumes from the workings and provide for a reasonable re-entry period;
and
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to maintain working conditions in the mine in accordance with mine regulations.

Ghanaian Mining regulations stipulate the following:
•

maximum velocity 6 m/s in travelling roadways;

•

for diesel engine equipment, not less than 0.06 m /kw/s;

•

minimum velocity of 0.2 m/s in headings and 0.1 m/s in large openings;

•

32.5ºC wet bulb is the maximum men are allowed to work in; and

•

CO must be continuously monitored in return airways and information transmitted to
surface.

3

System Design
The mine shall be developed from a portal and decline commencing in an open pit base.
Forced ventilation will be initially used until a primary airflow loop is established. The return
airway drive shall be driven in parallel with the primary decline, but is driven from the inside
out.
Once the loop is established, this system will be used to access the 820 mRL, the first ore
production level. From this point, fresh air will continue in the decline with a raise system
developed for the return airway.
This ventilation loop will service the first three years or so of mining until a final primary
exhaust raise is excavated on the southern flank of mining operations. Once this final raise is
commissioned, the parallel decline/airway connection with surface both become intake
airways.
A mix of primary and force (secondary) ventilation has been designed to ventilate the
sublevels.
In the upper sub-levels where the footwall drives are short, the return raise is located in the
access drive from the decline and all air for operations is forced.
From the 6th sublevel, a return air raise is introduced off the northern end of the footwall drive
to provide flow through primary ventilation.
As mining progresses deeper, the accesses move to the northern end of the sub-levels and a
southern return raise is established to give flow through ventilation.
During the time when the return airways are at the footwall drive limits, a central return airraise is maintained to allow decline advance to be independent of the footwall extremity
development
The trade-off in the upper levels is a lower quality ventilation system in return for less capital
development.
Ventilation Quantities
There are a number of methods of determining the ventilation requirements. Considering that
the removal of diesel fumes is generally the primary concern in trackless mining operations,
3
the calculation is based on a diesel dilution rate of 0.06 m /s/kW of diesel engine flywheel
power, using the entire fleet with their modelled availability and utilisation (diesel engine
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operation). This gives a realistic steady state estimate of the total diesel fleet in operation.
When calculating secondary air requirements such as an ore-drive where an LHD will be the
largest engine operating, then 100% of the rated power is used for sizing requirements.
The mobile fleet was modelled at an early stage for Phase 1 (Table 15-24), which is at
approximately 36 months after first development and represents the peak of operations using
the parallel return airway system. The Phase 2 estimate models the peak fleet requirements
(Table 15-25).
Calculated airflow requirements take into account the fleet schedule.
Table 15-24:

Estimated Primary Airflow for Phase 1
Availability

Utilisation

Flow
required
per unit @
peak usage

5

85%

65%

18.3

50.6

439

4

85%

65%

26.3

58.2

Sandvik Axera 7

110

2

85%

15%

6.6

1.7

2

85%

10%

6.6

1.1

Light vehicles

Sandvik DL411
Toyota Landcruiser
V8

110

85%

20%

9.1

9.2

Mine Grader

CAT12H

133

1

85%

60%

8.0

4.1

Service IT's

CAT930K

115

3

85%

70%

6.9

12.3

Normet Charmec

96

1

85%

50%

5.8

2.4

Leakage

10%

14.0

Contingency

10%

14.0

Equipment Model

Engine
Rating (kW)

LHD

Caterpillar 2900

305

Truck

Caterpillar AD55B

Twin Boom jumbo

Fleet Type

Longhole drill

Explosives truck

151

No.

6

Operating fleet
average
m3/sec

167.6

Total
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Table 15-25:

Estimated Primary Airflow for Phase 2

Fleet Type

Equipment Model

Engine
Rating
(kW)

LHD development
LHD production
mucking

Caterpillar 2900

305

Truck

Caterpillar AD55B

Twin Boom jumbo

No.

Availability

Utilisation

Flow
required
per unit @
peak usage

Operating
fleet average
m3/sec

18.3

39.2

18.3

7.4

4

85%

63%

1

70%

58%

439

6

85%

67%

26.3

90.0

Sandvik Axera 7

110

2

80%

15%

6.6

1.6

6.6

1.7

Light vehicles

Sandvik DL411
Toyota
Landcruiser V8

110

9.1

15.4

Mine Grader

CAT12H

8.0

4.1

Service IT's

Longhole drill

Caterpillar 2900

305

2

85%

15%

10

85%

20%

133

1

85%

60%

CAT930K

115

3

85%

70%

Normet Charmec

96

151

6.9

12.3

576%

2.4

Leakage

20%

34.8

Contingency

0.15

26.1

Explosives truck

1

0.85

0.5

235.1

Total

Airflow Simulation Inputs and Results
The following key system inputs were used in the simulation:
•

opening sizes as designed and without over-break were applied;

•

all headings and drop raises assumed to be average blasted (0.0115 kg/m );

•

the primary raise-bore was given a friction factor of 0.0047 kg/m ;

•

shock losses are automatically modelled for all development; and

•

any bulkheads required have a resistance of 250 Ns2/m .

3

3

3

Primary ventilation was modelled as established to the 620 mRL, with all return via the
ventilation return drive to the starter pit.
Regulators are installed at the exits of the explosives and detonator magazines to limit the
3
flow to 5 m /s directly to the return.
The worst case was modelled with only the bottom intakes being open at the decline base
and from the 620 mRL northern extent to get an absolute peak system resistance scenario. A
likely peak system was then modelled, which had a more realistic spread of air to the sublevels.
One option that was examined in conjunction with the scenarios was that of using the initial
decline driving fans, which are two of twin stage 90 kw fans in a purely parallel arrangement in
a bulkhead to power the primary system during Phase 1. The scenario results are shown in
Table 15-26.
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Table 15-26:

Phase 1 Airflow Scenarios
Airflow
(m3/sec)

FTP (Pa)

Shaft electrical power
(kW)

Scenario

Description

Case 1

worst case fixed flow

167

1720

363

Case 2

worst case (4x90 kW parallel)

159

1700

360

Case 3

Maximum likely operating case - fixed flow

167

1664

351

Case 4

Maximum operating case - (4x90kW parallel)

161

1672

356

SRK believes that the Case 4 scenario is valid to use for Phase 1. In this scenario, the top five
levels (820 mRL to 720 mRL) use secondary ventilation that collects air from the decline for
all development and production operations. Once used, this air returns to the decline and
continues to lower levels. From 695 mRL to 620 mRL, due the introduction of the northern
exhausts, air entering a level is exhausted from the mine. As such, regulators and seals need
to be used to control the volume passing along the footwall drive. One LHD and truck unit
3
require 45 m /s of air and hence this sets the maximum requirement along any footwall drive.
Case 4 models truck and LHD operations on the two bottom levels (620 mRL and 645 mRL).
Similar operations can be occurring in levels 820-720 mRL under secondary ventilation.
The likely peak system scenario is shown in Figure 15-37.
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Figure 15-37: Phase 1 ventilation system
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Phase 2 simulates the system requirements at maximum system duty, when truck access is
required to the two bottom levels in the mine, 470 and 495 mRL in Panel 4 and maintains
sufficient flows for truck access in Panel 3 (645 and 595 mRL). Flows of around 15 m/s are
also modelled in all of the other four sub-levels that service panels 3 and 4. This allows
enough air for access for all mobile fleet including LHD to the footwall drives.
Phase 2 shows the altered primary network system. The principal changes are:
•

a 4.8 m diameter raise is excavated in the south from the 620 mRL to surface; a new
primary exhaust fan is fitted to this raise in about month 46 of operations;

•

the previous return airway drift connection into the starter pit becomes a parallel intake
airway with the primary decline;

•

the northern and central returns from Phase 1 convert to parallel intakes with the decline;
and

•

a southern return system is excavated at the extremity of the sub-levels from 645 mRL
down.
3

The overall primary flow requirement from the diesel fleet calculations of 235 m /s was
3
increased to 255 m /sec when examining the heat flow throughout the mine.
3

The system duty point of the fan at this point was found to be 255 m /s, with a total fan
pressure of 1730 Pa, requiring shaft electrical power of 551 kW.
The multiple intake airways helps to restrict the final system resistance. The highest
resistance sections of the network are now the southern return airways.
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Figure 15-38: Phase 2 ventilation system
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Primary Fan Recommendation
Phase 1
The individual stages from the initial decline development shall be sufficient in a parallel
arrangement in a bulkhead wall in the starter pit. Self-closing doors (flaps on the fan inlets will
be required to avoid short-circuiting if one of the units stops working. Outlet evasees should
also be installed to recover exit shock loss to allow the fans to convert to useful pressure loss
in over-coming system resistance. A similar three fan operation is shown in Figure 15-39.
Since the duration of this installation is only around 36 months, this installation is a lower
capital option than purchasing a purpose built primary fan. The trade-off is that higher power
will be consumed by the fans operating at low efficiencies.

Figure 15-39: A triple parallel system with evasees
Phase 2
The primary fan to be installed on the main ventilation raise will be specified to match the
required duty and should include some allowance for further expansion is terms of system
resistance or volume.
An axial flow fan is recommended for lower capital purchase and installation costs. SRK
would recommend putting those capital savings into ensuring the fan is purchased with a
variable speed drive. There are large variations in the fan duty over the life of the operation
and hence there is a significant saving in electrical power input that could be realized.
SRK recommends the purchase of 600 kW fan together with ‘lobster back’ ducting
arrangement and diffuser to minimize exhaust shock losses.
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Since the primary fan installation is not required till month 46, SRK recommends that a
ventilation simulation model for the mine is built as it develops. This will allow a more accurate
prediction of requirements to be made closer to the time of tendering.
Secondary Ventilation
For driving the blind decline headings SRK has modelled the use of twin stage 75 kW1254 mm diameter fans for development with 1200 mm flexible PVC ducting. At 500 m, these
3
3
will deliver 30 to 35 m /s depending on duct condition from an initial fan output of 40 m /s.
In order to provide fresh air down the decline from the portal during initial development (to
allow more than one LHD and one truck), twin fans (each 2 x 90 kW) with independent
3
1400 mm ducting systems have been applied. Each duct provides 20 to 28 m /s of fresh air at
1000 m duct length depending on the condition of the ducting.
Sublevel Ventilation
Two general level ventilation systems are used:
•

Force ventilation from the decline in panel 1;

•

Primary flow through footwall drives in panels 2,3 and 4

In panels 2, 3 and 4, once footwall drive primary flow is established, secondary ventilation of
maximum 100 m will be required to ventilate the stope extraction drives. The largest engine in
3
this area is the LHD during mucking. This requires 15.4 m /s.
The stope drifts will be ventilated by 30 kW (1070 mm diameter) fans situated in the footwall
3
drive prior to the exhaust raises that will deliver around 15 to 18 m /s over up to 200 m using
1000 mm diameter flexible ducting.
It will be necessary to ventilate more than one stope drive on each level. Air returning from the
stope drives to the footwall drives will need to be re-used into other headings. For this reason,
it will likely be required to have a number of 30 kW fans placed down the footwall drive reusing the same air.
Panel 1 will require force ventilation from the decline. Two single stage fans (each of 55 kW)
3
will be mounted in the decline primary airflow and will deliver 25 to 30 m /s each. Each
ducting line of 1200 mm will run into the further most heading with up to one branch each. If
further secondary heading ventilation is required then 30 kW fans in the return flow will be
utilised for this duty.
Neither the north nor south ends under this scenario have enough air for truck loading
operations, truck loading will occur at the dedicated loading bay in the access where there will
3
be the returning combined volume of 50-60 m /s.
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N

Figure 15-40:

Plan view of typical sub-level ventilation for panels 2, 3 and 4
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Figure 15-41:

Plan view of typical sub-level ventilation for panel 1
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Other considerations for ventilation system
The escapeway has been designed independent of the ventilation raises and by keeping it
generally in parallel with the decline will enable it to be in fresh air most of the time.
The explosives magazines located above 820 mRL have been connected directly to the return
airway drive. Once the southern ventilation raise to surface is installed, then this will no longer
be a return. At that time, these magazine locations may need review for overall suitability in
case of emergency
The return drift connection back into the starter pit area introduces the increased possibility of
recirculation, particularly when atmospheric conditions of high pressure exist. Care should be
taken to angle the outlets away from the direction of the intaking portal/decline.

15.3.12 Communication
Front line mine communication will be via a leaky feeder VHF communications system and
two way radio network. An antenna on surface, cabling in the decline and in all waste
development headings will provide ready communication to working areas at Wassa.
It would be possible to extend these cables into the ore drives but the constant removal and
reinstallation as production lifts advance is potentially more troublesome than the benefit
achieved. The signal from the leaky feeder will emanate line of site into these drives
somewhat anyway.
All mobile equipment shall be fitted with radios in the operators cabins and portable handsets
will be available for mechanics, supervisors, etc, as required.
The system shall be installed early on and is easily extendable as mining progresses.

15.3.13 Manpower
The project is planned as an owner operation. A mixed workforce of expatriate and local
labour has been estimated. Ghana has recent mining history of large mechanised mining
similar to the Wassa planned operation, and as a consequence SRK believes that many
skiled operational, maintenance and technical services labour will be readily sourced if
attractive remuneration packages are offered.
They key management/supervisor positions deemed difficult to fill with local Ghanaian labour
are:
•

Mine operations Manager;

•

Decline Superintendent;

•

Maintenance Superintendent;

•

Electrical Superintendent;

•

Training Officer; and

•

Safety Officer.
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Further to this, senior leading hands/trainers are scheduled for the following positions:
•

Jumbo operators;

•

Longhole drill operators; and

•

Maintenance leading hands.

The total workforce by year and by department is shown in Table 15-27.
Table 15-27:

Total Workforce by LoM Year
2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

36
7
43

73
13
86

88
13
101

94
7
101

94
4
98

91
4
95

84
2
86

54
1
55

49
1
50

49
1
50

5
21
26

8
34
42

8
40
48

8
40
48

8
40
48

8
40
48

5
40
45

2
31
33

0
27
27

0
27
27

Technical services
National
Expatriate
Total

20
0
20

30
0
30

31
0
31

31
0
31

31
0
31

31
0
31

31
0
31

12
0
12

11
0
11

11
0
11

Combined workforce
National
Expatriate
Total

61
28
89

111
47
158

127
53
180

133
47
180

133
44
177

130
44
174

120
42
162

68
32
100

60
28
88

60
28
88

Mining operations and
Management
National
Expatriate
Total
Mining Maintenance
(including electrical)
National
Expatriate
Total

Dewatering
Introduction
The Wassa mine dewatering system is designed to remove both ground water and service
water (collectively called mine water). The system can handle up to 10% by volume silt or
sand sized particles and, as such, SRK considers it a dirty water pumping system.
Initial settling will occur underground in sumps excavated on production levels as the mine
progresses. Electric submersible pumps shall handle initial dewatering from near the
development or production areas. The primary dewatering will be via helical screw “Mono
pumps” that will pump directly via the 150 mm steel rising main pipeline in the decline to the
surface settling facility at the portal.
At the surface settler facility, further sediment shall be removed along with all floating
hydrocarbons before release into the starter pit sump. The starter pit sump is fitted with a
floating 90 kW submersible pump that will pump excess mine water away and ground and
surface water otherwise entering the starter pit.
Design basis
As part of the PEA, SRK estimated a broad range of possible underground mine inflows, for a
steady-state condition, using the Theim-Dupuit analytical equation (cited in Krusseman and
de Ridder, 1979, and Singh et al, 1985).
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A single layer model was developed represented by a “bulk” hydraulic conductivity (K) of
-2
-3
between 1x10 and 1x10 m/day to derive base and worst case scenarios, respectively.
The radius of the mine workings was been calculated such that an equivalent “well”
adequately represented the volume covered by the geotechnical domain and pit shell. The
final FS development and stoping are within the PEA geotechnical domain, therefore the
results are still considered appropriate for the FS.
The estimated groundwater inflow from the PEA was between 9 and 35 L/s. The
underground dewatering system was subsequently designed and costed for the maximum
inflow estimate (35 L/s) to incorporate uncertainties regarding hydraulic properties of the deep
rock mass.
The PEA estimated groundwater inflow is based on analytical models that are based on a
number of simplifying assumptions. The method is therefore not considered accurate, but is
appropriate to estimate a broad range of mine inflows, particularly to assess the economic
viability of early-stage studies. The approach always incorporates a worst case scenario
which estimates a conservatively high groundwater inflow to incorporate all identified
uncertainties. The PEA utilised the maximum estimate to design the dewatering system.
In the absence of further work, the Feasibility Study will utilise the maximum PEA estimate
(35 L/s) to design the dewatering system.
The EIA (to be completed by Golder Associates (“Golder”) will incorporate further
hydrogeological testing of deeper drillholes intersecting the underground deposit and will
provide a revised groundwater inflow estimate.
Risks Associated with Mine Design
Given the current uncertainties, unexpectedly high groundwater inflows associated with
significant fractures/fault zones at depth cannot be completely ruled out. This risk can be
mitigated by taking the following measures:
•

designing the underground dewatering system based on the maximum PEA (2015)
groundwater inflow estimate of 35 L/s; and

•

pre-grouting of open exploration holes that intercept the underground mine in order to
eliminate/reduce the risk of direct inflow from the surface during rainfall events. Such
inflows have not been included in any modelled estimate produced in any study.

Stope dimension estimations by SRK have been derived assuming a strong rockmass and at
this early stage there does not appear to be a requirement to depressurise. This will need to
be evaluated in greater detail during future investigations.
The Golder EIA will incorporate further hydrogeological testing of deeper drill holes
intersecting the underground deposit and will provide a revised groundwater inflow estimate.
The design and costing of the dewatering system should be reviewed once this has been
completed.
SRK recommends a review of design and costing of the existing and proposed dewatering
systems based on the revised groundwater inflow estimates to be provided by Golder upon
completion of their ESIA.
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System design
As the development progresses 8 kW and 20 kW submersible flyght pumps are installed at or
near the face, these have the following duties:
•

8 kW: 10-30 l/s over 55-10 m total head; and

•

20 kW: 10-40 l/s over 55-10 m total head.

The submersible pumps will be placed either directly at the decline face or in sumps
excavated in all sub-level accesses.
Once the total head load increases above 50 m, then the first Mono pump will be required and
a Mono pump will always be required within 50 m of the lowest working level, whilst the semipermanent ones will be spaced out every fifth sublevel (or 125 m vertically) above this. These
units will be installed on a level concrete pad. They contain their own baffled header tank and
mercury float control switches. They will pump via a non-return valve into the primary 150 mm
steel pipe rising main line in the decline.
Each Mono Pump at 55 kW has a flat performance curve as Figure 15-42, pumping 17-22 l/s
at up to a total head of 180 m. These Mono Pumps shall stage pump mine water from the
mine until the main pump station is installed in year 4 on the 645 mRL.
Most of the level accesses are situated sub-vertically underneath one another and drain holes
in many cases will be used to reduce the need for submersible pumping.
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Figure 15-42: Mono Pump performance statistics
The main pump station at 645 mRL will have two settling sumps in parallel, one in use whilst
the other can be cleaned of settled solids by an LHD. A skimming pump shall feed the hopper
tanks for the primary pumps.
The primary pump station shall also use helical rotor pumps, with a duty for single lift pumping
via the decline pump line to the portal settler. The primary pump station requirements have
been developed by SRK in conjunction with an Australian pump supplier.
Three 75 kW pumps each with a rated volume of 12.5 l/s shall be installed in a pump chamber
beside the settling sumps. Although designed as a two duty, one standby arrangement, the
primary pump station will at high availability be able to run all three pumps in parallel. Hence
minimum pumping rates can be always maintain at 25 l/s with 37.5 l/s over the majority of
time.
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Figure 15-43 shows the dewatering system prior to 645 mRL Primary pump station installation
Figure 15-44 shows the dewatering system after the 645 mRL pump station installation and at
full mine operating depth.
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Interim dewatering long section
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Final dewatering long section
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15.3.14 Mine Services
Water Supply
A 30,000 l water tank will be installed above the portal area to supply the underground mine
with service water for drilling, dust suppression and general use. Service water will be taken
from either the starter pit sump or the Dead Man Hill pit sump. Service water is reticulated
throughout the mine by 110 mm HDPE lines installed in the primary headings and reducing to
63 mm HDPE for supply to end use locations. Pressure reducers shall be installed as required
to maintain pressure in the range of 4-12 bar at all times.
Compressed Air
Due to the mechanised nature of the operation, there will be limited requirements for
compressed air apart from:
•

use with ANFO charging kettles;

•

occasional hand-held raise driving; and

•

connection to mine refuge chambers.

It is expected that compressed air would only be needed for minor service work. To this end,
a 110 mm poly pipe would be reticulated underground down the main decline. A single 90 kW
3
compressor and PSI (6.5 Bar) at 17.5 m /min (620 CFM).
Underground Magazines
Detonators, explosives and blasting agents will be stored at the existing Wassa magazine on
surface delivered from existing suppliers in Ghana, currently African Explosives Limited
(“AEL”). Utility vehicles will transport the explosives underground for storage in approved
underground magazines that will be constructed to hold 3-4 days’ worth of explosives. The
designed explosives magazines are connected with the return airway drive above the
820 mRL.

15.3.15 Emergency Egress
SRK has planned the following for emergency egress at the Wassa underground mine:
•

A series of man-ways between levels, each shall be approximately 15-20 m in length and
at 65-75º to the horizontal and 1.2 m x 1.2 m cross-sectional area. Each is fitted with
ladderways and rest platforms in compliance with the mining regulations.

•

The escapeway system provides a second means of access from every sub-level and is
separate from the main decline. At 820 mRL, the escapeway joins and is then part of the
return airway drive back to the starter pit location. For the first three years of operation
this final part of the escapeway will be in the return ventilation system. Once the final
primary ventilation fan is installed, the escapeway will change to being in fresh air

•

SRK has made provisions for current mining best practice mobile refuge chambers.
Sixteen-man chambers are planned for installation around the mine as the development
progresses.
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15.3.16 Blasting
Development blasting has been planned to be carried out primarily using Ammonium Nitrate
Fuel Oil (“ANFO”), non-electric or signal tube detonators and emulsion primers. Wet holes
would be charged with packaged emulsion cartridges.
Stope blasting will be carried out using ANFO as the primary explosive double primed with
pentolite boosters and initiated with non-electric stope detonators.
Development and production charging will be performed either by the CAT930K utility vehicle
fitted with a specialised charging basket or by the dedicated Normet charge wagon.
Blasting shall be performed either mid shift or end of shift once the supervisor has cleared the
mine of personnel. Initiation shall be carried from designated firing positions using the
electronic blasting cable.
GSR will need to implement procedures around open pit and underground blasting interaction
as there are a number of potential hazards that need to be considered.

15.4 Surface Infrastructure
15.4.1 Site Layout
The current site layout for the Wassa mine is provided below in Figure 15-45 and shows the
existing location.
The site is an established mining operation which includes well secured offices, Open Pit
mobile fleet workshop (including wash-down bay and fuel station), the processing plant, grid
and diesel generation power infrastructure, the tailings storage facility (TSF1) and the active
mining pits, haul roads and waste rock dumps.
A few kilometres to the west is a separate accommodation camp, “Tara”. The camp includes
various standards of accommodation, recreational facilities and a general mess.
All necessary new infrastructure is located within the limits of existing operations apart from
TSF2 which will be built to the north of TSF1.
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Existing Site Layout: Wassa Mine
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15.4.2 Underground Mine Offices and Workshops
An area located between the main mobile fleet workshop and the open pit has been selected
for proximity to the access ramp to the portal area and ease in installation of necessary
services. This area shall contain:
•

the mobile fleet workshop;

•

maintenance storage containers;

•

the back-up diesel generators for the Project and transformers;

•

the mobile fleet parking area;

•

workforce ablutions and changehouse;

•

muster area for crew meetings;

•

a safety and training facility;

•

offices for support staff;

•

a light vehicle parking area; and

•

an outdoor materials lay-down area.

To accommodate these facilities a three terrace earthworks layout is planned. Certain
infrastructure items are to be shared between the underground and open pit operations. These
are:
•

refuelling facilities;

•

vehicle wash-down bay; and

•

mines rescue.
The mine office and workshop surface arrangement is depicted in Figure 15-46.
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Figure 15-46: Wassa underground mine office and workshop general arrangement

15.4.3 Portal Area
At the portal area in the Starter Pit the following infrastructure shall be located:
•

mine air compressors;

•

electrical transformers supplying both 1 KV and 415V power for end use;

•

the starter pit sump dewatering pump and a floating pontoon;

•

space for stockpiling both ore and waste (prior to haulage away by open pit fleet);

•

a mine dirty water settling facility;
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•

initially the mines forcing ventilation fans;

•

the mine “tag-board” for control of personnel entry to the decline;

•

tub-up alarm system; and

•

mine service water tank and piping.

15.4.4 Explosive Magazines
The existing surface magazine will be used to accommodate detonators, explosives and
blasting agents. The existing facility under the management of AEL will be expanded with
additional magazines to cater for dedicated underground explosives and detonators. The
facilities will act as a storage buffer to supply the small underground magazines on a daily
basis.

15.4.5 Water Supply
A 30,000 l water tank is planned for the portal area to supply the underground mine with
service water. Service water will be taken from either the starter pit sump or the Dead Man Hill
pit sump. Service water is reticulated throughout the mine by 110 mm HDPE lines installed in
the primary headings and reducing to 63 mm HDPE for supply to end use locations. Pressure
reducers shall be installed as required to maintain pressure in the range of 4-12 bar at all
times.

15.5 Mineral Inventory & Schedule
15.5.1 Introduction
A mine schedule was generated using the Minesched mine planning package. The open pit
and underground schedules were generated by GSR’s onsite mine planning group and SRK
respectively. In the schedule, the underground production comes on line as soon as possible
to feed high grade material to the mill, with the mill feed being supplemented with open pit
material in order to achieve a feed rate of 2.6 Mtpa over the LoM.

15.5.2 Mill feed grade ranges
Five distinct mill feed streams are scheduled:
•

•

From the Open Pit:
o

ROM Ore (greater than 1 g/t Au diluted)

o

Low Grade Ore (0.7 to 1 g/t Au); and

o

Sub-grade mineralization (0.5 to 0.7 g/t Au).

From Underground:
o

ROM Ore (greater than 2.5 g/t Au diluted); and

o

Low grade Ore (0.7 to 2.5 g/t Au).

The open pit low grade and ROM distinction is a subjective break based on maintaining the
best possible mill feed grades. The low grade is used as a buffer stockpile.
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The sub-grade is material that is below the processing and G and A cut-off grade, but is above
the processing cut-off grade. This material is to be identified and stockpiled for the following
reasons:
i)

For processing during underground feed only period. Since underground ore will be fed at
less than full processing rates SRK have determined that there is a net cashflow benefit
to fill the mill capacity with this mineralization rather than run at low throughput rates.

ii)

For future potential most likely linked with increasing gold prices.

15.5.3 Open Pit
Scheduling Methodology
The open pit has been scheduled in Minesched by the GSR Technical Services group on site
as Wassa. SRK has reviewed the sequencing and bench advance rates and finds no issue
with the schedule provided by the on-site planning team. An annual material movement of
14Mtpa is sustained over the LoM, except in 2022, the final year of production. These rates
are currently achieved on site and are maintained in the FS schedule by staged cut-backs.
Pit stages were designed for use in the schedule and these followed the optimization shell
expansions. The stages in order of priority are:
•

Main pit, stage 1;

•

Main pit stage 2;

•

Main pit stage 3; and

•

242 pit cutback.

The total movement per stage is as per Table 15-28 and the sub-staging is shown in Figure
15-47.
Table 15-28:

Total material movement by stage for open pit mining

Pit Stage

Name

Total Material (Mt)

1

Main pit Stage_1

15.4

2

Main pit Stage_2

27.6

3

Main pit Stage_3

38.9

4

242 pit

20.4

Total

102.3

Scheduling parameters
Based on historical performance at Wassa, the modifying factors applied to the in situ block
model are 10% external dilution at 0 g/t Au and 5% ore-loss.
The key parameters used in the open pit schedule were:
•

open pit ore is used as supplemental mill feed after both underground ore streams are
treated;

•

the mining rate is such that sub-grade mineralization is kept out of the processing stream
until the end of operations; and
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a constant total mining movement rate of 15,621 t per day with truck requirements
maintained constant by the sub-staging.

Open Pit Schedule
Figure 15-48 shows total mining movement by month by stage. Figure 15-49 shows ROM and
low grade ore mined by month. Figure 15-50 shows the LoM mill feed from open pit sources.
Note the profile is matched to the underground ore feed profile. Figure 15-51 show as the
ROM and low grade stockpile balances per month. Note that the total sub-grade mined in the
LoM plan is in excess of 6 Mt and is not shown in these graphs; its movement is included in
the waste tonnages.
The annual depletion from a long section view is shown in Figure 15-52.
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Open pit staging orthogonal views fron south west perspective
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Figure 15-48: Total movement by pit stage (tonnes)
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Figure 15-49:
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Figure 15-50: Mill feed from open pit (tonnes and grade)
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Figure 15-51: Open pit ore stockpile balances
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Figure 15-52: Wassa Open Pit Schedule (Long Section View)

15.5.4 Underground
Modifying Factors
The stope optimization and stope design process was discussed earlier in this chapter. The
optimization process took into account planned dilution from the hangingwall and footwall
contacts. The optimised stopes also include internal dilution from material below cut-off which
must be mined to satisfy practical mining considerations. The internal dilution for the designed
stopes is 26%.
An external dilution factor was applied to the material inside the stope shapes as a calculated
field in the scheduling package. The external dilution consists of CRF sloughing on secondary
transverse stopes, as well as hangingwall dilution from periodic structural failure and overblasting.
An ore loss factor was also applied in the scheduler to account for operational losses such as
underblasting, occasional stope “bridging” and LHD clean-up losses. Losses are also included
are from the un-blasted wedge of ground in the transverse stopes that is required to allow tight
filling of the stope below, yet cannot then be recovered in the next stope above. The resulting
weighted average dilution and recovery for the combined mining methods is 7% and 90%,
respectively.
Table 15-29:

Modifying Factors Applied to Stopes

Modifying Factor
Dilution

Longitudinal Stoping

Transverse Stoping

8% dilution:

6.5% dilution:

1 m of hangingwall over a 20m
width for 5%

In secondary stopes 0.5 m of CRF of
each wall for 6.7% (or 3.45% overall)

An extra nominal
hangingwall failures

1 m from the orebody hangingwall over
30 m stope length (3%)

3%

for

7% ore loss
Ore loss

- from skins and bridges and for
LHD clean-up losses

11% ore loss
6% from the un-blasted
vertically between stopes

wedge

5% from LHD clean-ups and skins left
behind

Scheduling parameters
Parameters were applied to constrain individual heading advance and stope production. SRK
used conservative parameters to match the planned owner mining operation from the start of
mine development. These parameters are shown in Table 15-30.
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Underground scheduling parameters

Constraints

Units

Number

Comments

All lateral (includes decline)

metres

3

performed by Jumbo fleet

Drop raise (vertical crater retreat)

metres

1

allows time from availability for drilling, blasting and
clean-up

Hand held ladder raise

metres

2

Raise-boring

metres

2

allows for piloting, head attachment and backreaming

tonnes

700

equates to 6 hours per 24 in active muck cycle

days

30

backfill placement and cure

June 2015

metres

1

constrained start for portal establishment

July 2015

metres

2

constrained start for portal establishment

August 2015

metres

12.3

represents 375m per month, set as maximum for
two drills whilst major decline driving

June 2016

metres

17.7

540m/month once level development established
(multiple smaller headings)

tonnes

2,0002,300

Daily maximum heading advance

Production
Maximum extraction from individual
stopes
backfill time per stope, constrains
linked stopes
Activity capacity
Development drill fleet

Production fleet
Stope production tonnes per day

requires three active stopes to achieve this

Scheduling Process
The underground production was broadly sorted into four main mining panels in order to
facilitate sequencing and scheduling. Figure 15-53 shows the designation of these areas.
Generally, each panel starts production from the bottom up, since either RF or CRF are used
as backfill and a working platform for the next stope. There were isolated stopes or groups of
stopes which remained unconstrained from these four main panels.
The schedule therefore prioritises access to the base of these mining panels, setting up
necessary infrastructure on the way down. Ore is realized from sub-level ore development and
isolated stoping blocks until the first panel is in production.
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Figure 15-53: View of underground mining panels looking west
Priority was placed on the main decline, such that it develops at a constant 3 m per day.
Likewise as lower levels became available they had high priorities to establish the bottom
production stopes. A lag of 30 days from completing development (top and bottom) and
starting production was used to simulate time for final stope definition, ring drilling and slot
development.
Schedule Results
The following is the sequence of events for mine development:
1.

The schedule commences in June 2015.

2.

Construct main decline concurrently with ventilation decline. The main decline would be
collared at the portal and the ventilation decline would be developed in two directions
from the first cross-cut.

3.

Establish access to longitudinal stopes on 825RL as soon as possible at the halfway
pods, while continuing with decline development. Ore-development at the halfway pods
commences in March 2016 and production in June 2016.

4.

Establish access to stopes between 795 and 820RL, close the ventilation loop and begin
ore development. Ore development in panel 1 commences in April 2016 and production
in October 2016.

5.

Establish access, escapeways, sumps, ventilation connection to remaining longitudinal
stopes, to be mined as decline development to transverse stoping area continues.

6.

Main bottom up production in panel 1 commences in April 2017.

7.

At 645 RL, develop footwall access and establish ventilation raise to surface and main
pump station.
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Bottom up production from panel 2 commences in December 2017. From January 2018,
the CRF mixing facility will need to be fully operational. From this time on, mine
development rates begin to reduce and development will be undertaken on a just-in-time
basis in order to manage capital cost outlays.

The final nominal production rate achieved is 800,000 tpa, with this being achieved from
month 23. SRK believes this is a realistic target production rate. Higher production rates could
be sustained throughout various phases of the production cycle however over the long term
once the multiple interdependencies need to be observed, maintaining higher rates will be
more difficult. The development and production schedules are coloured by year of completion
in Figure 15-54 and Figure 15-55, respectively. The monthly production rate profile, which
includes low grade development ore, is shown in Figure 15-56. The yearly mine development
and production figures are in Table 15-31
Monthly mine development requirements are shown in Figure 15-57. The peak development
requirements are until month 38. The total length of the Project is over 97 months (8 years, 1
month).
Underground development and production will take place concurrently with open pit
production. The final pit will eventually mine out upper longitudinal stoping areas.

Figure 15-54: Underground development design coloured by period: Long Section
looking west
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Figure 15-55: Underground production stopes coloured by period: Long Section
looking west
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Wassa Underground Mine Development and Production Schedule

Period - Beginning

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9
2023

Year
10
2024

Year
11
2025

2015

2016

2017

2018

2019

2020

2021

2022

Total Waste Development (lateral)

(m)

19,153

1,096

4,243

4,331

4,012

2,982

2,208

281

0

0

0

0

Total Waste

(kt)

1,190

69

271

262

262

174

137

16

0

0

0

0

Total Ore Drives

(m)

8,957

0

1,415

2,184

2,164

1,695

955

544

0

0

0

0

Low Grade Development Ore Total

(kt)

276

8

55

85

51

40

22

15

0

0

0

0

ROM Development Ore Total

(kt)

399

0

56

84

90

98

50

21

0

0

0

0

Stoping - Total

(kt)

4,762

0

159

510

654

702

726

750

699

536

27

0

U/G RoM To Mill

(kt)

5,437

8

270

679

796

839

798

786

699

536

27

0

U/G RoM Head Grade

(g/t)

4.27

1.37

3.24

3.82

4.75

5.55

3.97

3.63

3.76

4.72

3.87

0.00
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Figure 15-56: All underground ore mined above 0.7 g/t Au
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Figure 15-57: Mine development metres by month (green vertical development; brown lateral development)
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Figure 15-58: Stoping production by mining method (tonnes and grade)
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15.5.5 Combined Open Pit and Underground Schedule

3,000

3.00

2,500

2.50

2,000

2.00

1,500

1.50

1,000

1.00

500

0.50

0

0.00

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

g/t Au

Material Processed (kt)

The combined Wassa open pit and underground production schedule for ROM feed and gold
grade is provided in Figure 15-59 which shows a stable tonnage over time and an increasing
gold grade with as the underground ramps up.

Year
U/G RoM To Mill

O/P ROM to Mill

Total U/G & O/P Ore to Mill Grade

Figure 15-59: Combined open pit and underground mill feed profile for Wassa
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RECOVERY METHODS (ITEM 17)

16.1 Flow Sheet Description
Gold recovery is achieved at Wassa through the use of conventional CIL technology, although
the plant itself contains a few atypical features due to its history and development. The Wassa
processing operation was originally started in 1998 and incorporated heap leach (“HL”)
technology to recover gold from the mined and prepared ore. This involved crushing,
screening and agglomeration of the mined feed material before being placed on heap leach
pads and irrigated with a weak cyanide solution to recover the gold. The solution was
processed through carbon columns, stripped from the loaded carbon and smelted through to
gold doré bars.
Forecast recoveries using HL processing were not achieved and the HL plant was closed in
2001. The plant was subsequently restarted in 2005 by GSR using crushing, milling and CIL,
following a feasibility study completed in 2003. The CIL plant was designed to process
3.5 Mtpa from a feed blend comprising 45% fresh ore, 25% oxidised ore and 30% reclaimed
spent HL material. Spent HL material reclaimed from the pads was added to the mill feed via
a scrubber until this material was depleted in 2014 and currently only fresh ore from the open
pit is being processed.
The crushing circuit installation and configuration result from the previous HL operation,
where the material was originally crushed to nominally 80% <13 mm. Similarly, the carbon
treatment and smelting facilities were installed for the original HL operation and also date from
1998. New facilities incorporating the milling and CIL circuits were installed in 2004-5, with the
CIL circuit installed close to the old heap leach pads adjacent to the existing carbon treatment
and smelting facilities, a distance of 900 m from the milling plant which was installed near to
the existing crushing circuit.
Current modifications to the circuit include a new densifying cyclone and thickening circuit on
the CIL feed to be installed near the two ball mills.
The current process plant consists of the following operations:
•

A four stage fine crushing circuit is employed incorporating an open circuit primary jaw
crusher followed by secondary, tertiary and quaternary cone crushers with the secondary
and tertiary crushers operated in closed circuit with sizing screens. A single secondary,
two tertiary and four quaternary crusher are installed giving a nominal crushed product
size from the crushing circuit of 80% <8 mm.

•

Two independent milling circuits are installed each comprising a 5.03 m diameter x 6.7 m
long ball mill fitted with 3 MW motors feeding individual clusters of classifying cyclones.
Reported mill product size is around 70% <75 µm.

•

Two separate gravity gold recovery circuits using 48” Knelson centrifugal concentrators
process a portion of the classifying cyclone feed in each mill circuit.

•

The gravity concentrate from the Knelson concentrators is retreated using a Gemini
shaking table to produce a high grade gold concentrate for direct smelting, while the tails
from the centrifugal concentrators and shaking table are returned to the milling circuits.
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•

The classifying cyclone overflows pass over a scalping screen and into a transfer vessel
where cyanide is added before the slurry is transferred to the CIL circuit. Oxygen is
injected into the transfer line after the transfer pumps and the transfer line is referred to
as the “pipe reactor” although only operates under the static and friction head of the
transfer duty rather than any addition back pressure restriction.

•

A counter current CIL circuit, which consists of six stages of agitated vessel each of
3
2500 m gives an overall reported residence time of 18-20 hours. Hydrogen peroxide is
added to CIL tank 1 to maintain the dissolved oxygen (“DO”) level. Activated carbon is
retained in each tank using interstage basket screens and is moved counter-current to
the slurry flow using submerged vertical spindle pumps in each tank. Loaded carbon is
recovered from the first CIL stage.

•

Loaded carbon is acid washed and then stripped of gold using cyanide and caustic in an
11.5 t pressure Zadra elution system with the gold electrowon onto steel mesh before
smelting.

•

Eluted carbon is thermally regenerated and returned to the last stage of the CIL circuit.

•

The gravity gold concentrate and electrowon gold are smelted separately to produce gold
doré bars.

•

Additional supporting facilities include.

•

Pressure swing absorption (PSA) oxygen plant located in the milling area of 2.1 tpd
capacity.

•

Emergency diesel powered generators.

The milling, CIL and elution facilities were installed and commissioned in 2005/6 when the
plant was restarted and converted from a HL operation to a milling circuit. The project design
of the metallurgical plant is understood to have been executed by MDM from South Africa.
The key plant design and operating paramters are shown in Table 16-1 and a schematic
flowsheet for the Wassa plant is presented In Table 16-1. The schematic incorporate the new
densifying cyclone and thickening circuit currently being installed.
The Wassa process operation is reported to have achieved compliance with the International
Cyanide Management Code in early 2010 and is currently Code certified

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 206 of 294

May 2015

SRK Consulting

Wassa FS – Main Report

16.1.1 Key Plant Design and Operating Parameters
Table 16-1:

Key Plant Design and Operating Parameters

Nominal throughput
Crushing Circuit Product
Crushing Circuit Utilisation
Plant Design Availability
Mill product grind
CIL Feed Density
Design / Current
With new thickener
CIL Retention Time (calculated)
With new thickener

mtpa
% passing
%
%
% passing
% Solids
% Solids
h (total)

Blended Feed
(Project Design)
3.5
80%<6 mm
85
93
80%<85 micron

Primary Ore Feed
(Current Operations)
2.65
80%< 8mm
75
92
70%<75 micron

44 (cyclone overflow)

40 (CIL tanks - measured)
48
23
30

19-21

16.1.2 Current Plant Modifications
The Wassa plant flowsheet is presented in Figure 16-1. The current circuit incorporates the
feed from the milling circuit cyclone overflow passing directly to the CIL circuit via a tramp
screen. This results in a compromise being made on the feed density to the classifying
cyclones between a low density being operated to achieve good classification efficiency and a
high feed density to CIL to achieve effective CIL performance, which requires a higher feed
density to the cyclones.
Feeding the classifying cyclones at high density results in inefficient classification, with fine
product size material being returned in the cyclone underflow back to the mill and some
coarse material passing out of the cyclone overflow to the CIL circuit. Return of fines to the
mill can adversely affect milling performance. Although a scalping screen, designed to remove
tramp material, is installed on the cyclone overflow, this is designed to remove occasional
vegetation and wood fibre and it the case of a cyclone choke to remove some coarse solids.
The screen, however, is designed to cut at around 1 mm and consequently coarse grit <1 mm
can report in the CIL feed, which can settle in the leach tanks especially if these are operated
at relatively low density (around 40% solids). It was reported that silting of the CIL tanks can
be a problem, with tanks needing to be emptied and cleaned out to bring back on line.
It is generally normal to operate CIL tanks at a feed density of >45-50% solids and this
ensures that coarser material remains mainly suspended and that the slurry and activated
carbon in the tanks present as a relatively homogeneous mixture with no accumulation or
zoning in the tank. Increased feed densities and a higher solid:liquid ratio also result in a
reduction in reagent additions to maintain the required reagent strength in the CIL tanks.
Changes have previously been made to the agitation systems in the CIL tanks and this has
included the installation of new agitator mechanisms and larger drive motors in an attempt to
improve agitation and solids suspension.
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To improve both classification and CIL performance, it is planned to install secondary
cyclones (densifying cyclones) on the classifying cyclone overflow stream and a thickener.
The secondary cyclones are designed to produce a densified product as underflow which will
be routed directly to the CIL feed transfer tank while the dilute secondary cyclone overflow
passes to the new thickener. The thickener underflow will be combined with the secondary
cyclone underflow to produce a feed of >50% solids for the CIL circuit. This arrangement will
in principle allow the classifying cyclone to operate at lower feed density thus achieving
improved classification performance while not resulting in the same amount of dilution of the
CIL feed. No major changes are reportedly proposed to the classifying cyclone system.
The current arrangement for each milling circuit incorporates a pressure distributor with six
outlets of which one outlet feeds the gravity circuit. Four hydrocyclones are operated and a
fifth standby unit is installed. The capability to significantly increase the feed to the classifying
cyclones as a result of a reduction in the feed density is therefore somewhat restricted as with
all five available cyclones operating the flow can only be increased by 25% and this results in
a reduction in feed density of around 7-8% which will help classification, but is still not ideal,
especially if one cyclone is off-line.
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Current Wassa plant flowsheet
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Improved classification efficiency could also result in a reduction in the recirculating load
around the mill. While the situation is not perfect and has presumably been selected as a
method of reducing the costs of the proposed modifications, the situation is expected to be
significantly better than at present.
A further proposed change to the circuit involves the installation of a second PSA oxygen
plant at the CIL circuit to replace the more expensive addition of hydrogen peroxide into the
leach tanks to increase dissolved oxygen levels.

16.1.3 Plant Accounting
Plant throughput is reported based on the beltweighers installed on the conveyors feeding the
two ball mills from the crushed ore stockpile. There is also a beltweigher installed on the
crushing circuit product to the crushed ore stockpile.
Plant performance and accounting is assessed based on samples of feed and tailings taken
automatically using inline slurry samplers, which are composited into 12h shift accounting
samples. The feed sample is taken after the milling and gravity circuit before transfer to the
CIL circuit and the gold recovered by gravity and smelted separately is added to calculate the
plant feed grade. The feed and tail slurry samples are analysed using bottle roll laboratory
tests to assess the bulk leach extractable gold (“BLEG” tests).
The slurry samples are filtered and washed and the solids are pulverised to nominally 95%
<75 µm before being subject to BLEG bottle roll extraction. The BLEG tests are run for 8h at
high cyanide concentration and the solutions from the filtration of the slurry samples and from
the BLEG tests are analysed by gold extraction into an organic phase and then measured by
Atomic Adsorption Spectroscopy (“AAS”). Extended BLEG tests are also undertaken to
confirm that all the recoverable gold has been extracted during the standard BLEG leach
period. The BLEG tails are periodically fired assayed to determine residual gold in the
samples not recovered in the BLEG tests (gold potentially locked in silica, pyrite or other
sulphide minerals) and a BLEG factor is determined to be used in assessment of the total
gold in the plant tails to determine the overall plant gold recoveries.
It was reported that previous attempts to use fire assay for solid sample analysis for gold used
for plant accounting have been unsuccessful due to the limited size of the sample analysed
and the quantity of relatively coarse gold suspected to be reporting in the plant feed and the
BLEG analysis procedure is seen to be more dependable. BLEG, however, will only
determine the amount of cyanide recoverable gold present in each sample and does not allow
for gold locked in sulphides or other gangue minerals to measure the total gold present in the
samples. A general BLEG factor is therefore applied to determine the plant tails and overall
gold recovery, although a factor is reportedly not applied to the feed grade.
The gold recovered by gravity is smelted separately and this is added to the gold in the mill
product sample to determine the gold grade in the feed. A sample is taken of crushed ore
from the feed to the ball mills and this is used as a check measurement on the plant feed
grade although is not used for accounting purposes.
Reconciliation is undertaken on a monthly basis between the gold produced and the gold
present in the feed and tails. This also considers the changing gold inventory on the plant
from month start to month end. Based on the reconciliation the reported head grade is
adjusted to correlate with the monthly gold production.
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16.2 Historical Plant Production
Production statistics for the CIL operation for the last 8 years since 2007 are shown in Table
16-2. Monthly operating data from the Wassa plant during 2014, while the plant has been
processing mainly Wassa primary open pit material constituting 85 to 100% of the total plant
feed, shows that gold recoveries have ranged, on a monthly basis, from 90.4 to 94.2%,
averaging 92.7%, for head grades varying between 1.07 and 1.83 g/t Au (average 1.41 g/t
Au).
Table 16-2:

Overview of Historic Plant Performance

Item
Ore

Heap Leach

Total Feed

Recovery

Unit

2007

2008

2009

2010

2011

2012

2013

2014

kt

2,824

2,845

2,506

2,434

2,391

2,499

2,549

2,533

g/t Au

1.27

1.53

2.78

2.36

2.04

2.09

2.40

1.45

kt

928

324

147

214

188

7.7

146

96.4

g/t Au

0.64

0.3

0.73

0.59

0.39

0.24

0.3

0.30

kt

3,752

3,187

2,653

2,648

2,579

2,507

2,695

2,629
1.41

g/t Au

1.17

1.4

2.67

2.22

1.92

2.09

2.29

Gravity

%

19.3

19.1

22.7

26.5

27

49.6

54.4

35.4

CIL

%

72.8

74.8

72.4

68.3

67.3

45.0

45.6

57.3

Total
Au Produced
Operating Cost

%

92.1

93.9

95.1

94.8

94.3

94.6

94.5

92.7

oz
US$/t ore
feed
US$/oz Au

126,059

125,427

223,848

183,931

160,616

160,917

183,788

112,836

5.64

7.22

8.54

12.49

15.63

17.02

17.38

17.16

113

220

101

179

253

268

255

400

16.3 Impact of High Grade Underground Feed
16.3.1 Observations
Previous investigations and plant experience had indicated that ore hardness has increased
deeper into the open pit and there was concern that along with changing metallurgy due to
observed increase in gold grade and sulphide levels in the underground ore this could result
in changes to achievable plant throughput and performance.
From a preliminary observation of the core samples and logs from deeper in the deposit it was
not possible to identify different mineralogy for the different proposed mine areas. However it
is noted that the higher grade material appears to be associated with evident veining and
higher observed levels of sulphides. Although the current and historic primary ore feeds also
contain evidence of sulphide minerals, these are indicated to be mainly pyrite and do not
affect gold recovery, with little gold, if any, indicated to be locked in the sulphides; however,
with the higher grade samples from deeper in the deposit, as well as having high sulphide
level, could also reportedly contain higher levels of other sulphide minerals.
Although there has been some reported evidence of possible “preg-robbing” in the Wassa
ores, there is no visual evidence in the cores of higher levels of graphitic carbon or other
potential preg-robbing constituents. Levels of preg-robbing activity with the current feeds are
indicated to be relatively low as indicated from the current treatment circuit where cyanide and
oxygen are added to the milled slurry prior to transfer to CIL to achieve a significant degree of
pre-leaching before adsorption on carbon. The term “preg-robbing” is applied where ore
constituents adsorb dissolved gold making it no longer amenable for recovery onto the
activated carbon and is generally overcome by the simultaneous addition of cyanide and
carbon in the circuit.
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16.3.2 Implications of Testwork Findings
The testwork findings have generally not been conclusive regarding the potential differences
between the current and historic feed and the future underground feed material; however,
physically the underground material is seen to be generally slightly more difficult to crush, but
to be no harder or abrasive with regard to milling performance. Metallurgically, differences in
ore characteristics and performance are difficult to quantify, with testwork results seen to be
relatively inconsistent and showing different findings.
In summary, it is not planned to make any significant changes to the forecast treatment rates,
recoveries or operating parameters for the purposes of the feasibility study, although further
evaluations are proposed to confirm the initial findings and to optimise the treatment
parameters of the underground materials.

16.3.3 Plant Feed Composition, Forecast Throughput, Feed Grades and Recoveries
The development of the underground mining is planned to commence in 2015, with significant
underground material available only available from toward the end of 2016. The underground
mining operation will ramp up during 2016 with close to full underground production of around
2000 tpd achieved towards the end of the year.
Once the underground mine is developed, the future plant feed will consist mainly of a blend
of different grade open pit and underground primary ore with the underground mine planned
to produce a maximum of around 800,000 tpa. The anticipated feed grade from underground
is expected to be around 5 g/t Au and with dilution from the open pit material the plant feed
grade is likely to be around 2-3 g/t Au depending on the amount of underground material
available from the mine plan. If the plant operates on underground ore only the feed grade
could be around 5 g/t Au and possibly higher.
The current crushing circuit capacity is adequate to produce 2.65 Mpta and, at this
throughput, the required crushing plant utilisation is around 65-70%, allowing some further
increased utilisation if required to cater for the potential more difficult to crush material from
underground, particularly in areas near the observed quartz veins also observed in the
testwork samples.
Milling throughput is still envisaged to remain the main constraint to plant capacity, although
with the lower BWi figures indicated the plant should be capable of an annual throughput of
2.65 Mtpa. Testwork has indicated a marginally reduced level of gravity recoverable gold
although this is still to be confirmed on plant scale operations.
With the increased feed density to the CIL circuit with the new thickener, CIL capacity will not
be a constraint and will result in increased residence in the circuit. Higher CIL feed grades
and potentially lower gravity gold recovery in the milling circuit will result in higher gold feed
grades to CIL although the higher head grade should results in higher gold loadings onto
carbon reducing the need for an increased number of elution cycles.
The proposed plant feed profile is presented in Table 16-3 on a summarised annual basis.
This show the proposed composition of the plant feed and the grades of the underground,
open pit and plant feeds.
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Currently, it is planned to operate the plant at close to design throughput up to the end of the
LoM, with low grade open pit feed from mining and stockpiles used to maintain the feed rate
to the plant. Should this material prove to be sub-economic to process at the prevailing gold
price, then the alternative would be to reduce the plant throughput and achieve an increased
feed grade.
Table 16-3:

Summarised Proposed Annual LoM Plant Feed
2015

2016

2017

2018 2019

2020

2021

2022

2023

2024

Total

kT

8

270

679

796

839

798

786

699

536

27

5,437

g/t Au

1.37

3.24

3.82

4.75

5.55

3.97

3.63

3.76

4.72

3.87

4.27

kT

2,642

2,388 1,971

1,854 1,811

1,859

1,864

1,951

2,114

198

18,652

g/t Au

1.47

1.32

1.57

1.45

1.62

1.58

0.61

0.60

1.39

kT

2,650

2,657 2,650

2,650 2,650

2,657

2,650

2,650

2,650

225

24,089

g/t Au

1.47

1.51

2.14

2.53

2.76

2.21

2.22

2.16

1.44

1.00

2.04

Contained Ounces k Oz Au 126

129

182

215

235

188

189

184

122

7

1,578

Underground Ore

Open Pit Ore

Total Feed

1.56

1.46

Gold recoveries are predicted to remain at their current level of around 92.7%, while the
combined feed grade of the open pit and underground material remain at its current level of
below 2 g/t Au rising to 93.5% above a feed grade of 2 g/t Au, although this should be
confirmed by further metallurgical testwork.

16.3.4 Further Proposed Changes to the Treatment Circuit
The introduction of underground mining is reported to be likely to results in a higher level of
tramp and other material entering with the mined feed. This could also include some re-mined
backfill material. Tramp material from underground mining is likely to include additional drill
steel and roof bolt as well as mesh and other magnetic materials.
It is proposed for provision to be allowed for handling increased levels of magnetic tramp
material by means of an additional over-belt tramp magnet located over the conveyor from the
primary crusher to the primary screen. This will supplement the existing magnet and metal
detector installed in the crushing circuit.
Inadequate provisions for handling tramp introduced from mining can result in operating
problems and downtime on the plant, particularly in the crushing circuit. It may be necessary
to inspect and remove visible tramp material from the ROM stockpiles prior to feeding the
mined material from underground to the plant.

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 213 of 294

May 2015

SRK Consulting

17

Wassa FS – Main Report

PROJECT INFRASTRUCTURE (ITEM 18)

17.1 Introduction
Figure 17-1 shows the current infrastructure layout of the Wassa Mine, including the
compensated boundaries, main roads and arrangement of current surface infrastructure.

Figure 17-1:

Current infrastructure layout at Wassa Mine
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17.2 Electrical Distribution
17.2.1 Surface Installations
Grid power from the national power supplier GridCo comes from a 161 kV line through a
33 MVA ONAF transformer and two feeders onto site at 34.5kv. GSR currently operates a
transformer yard of 16 MVA capacity, with a parallel 18 MVA unit to be installed in 2015 as
redundancy. Voltage is reduced to 6 kV for further reticulation around the site. The existing full
load power draw is around 12 MVA
Power Plant Electrical Technologies of South Africa (“PPE”) is undertaking the EPCM for the
new surface system to feed the underground project.
A new dedicated switch/breaker will be installed in the main transformer yard and an
underground cable will feed a new 5 MVA transformer (34.5/6.6 kV) which will be located at
the newly established underground transformer and generator yard next to the underground
workshops and offices.
At this location, the main underground switch board shall be located for further reticulation to
underground specific end uses.
Two 2000 kVA 400 V diesel generators shall be located at the underground yard. Through a
400 V/6.6 kV step-up transformer, these shall be connected to the main underground switch
board. As such, the underground mine shall have its own dedicated feed from the main
GridCO yard and an independent 4 MVA diesel generation back up.
From the main switchyard, 6.6 kV shall be supplied to the workshops and offices for end use
at 415 V, 1,000 V and 240 V.
2

Initially one, and eventually two, 90 mm XLPE underground cables will feed into the Starter
Pit area to feed both surface infrastructure located there and for primary underground high
voltage feed.
Spare switches in the main transformer yard will be installed for the future second feed to the
portal area and for an overhead feed to the ventilation raise for the primary ventilation fan.

17.2.2 Underground
Reticulation
The underground electrical system has been designed according to Ghanaian mining
regulations and to efficient mining standards. The primary high voltage for reticulation is
6.6 kV and for low voltage 1 kV.
The key electrical loads installed will be for the ventilation fans, air compressors, dewatering
pumps and the electric-hydraulic drills. SRK notes that the primary fan and compressors will
be fed separately and will not be part of the underground loads presented in Table 17-1. The
system will have high availability, medium utilisation and low operating maintenance.
Supply to the underground will be via the portal on a 70 mm HV SWA XLPE PVC (high
voltage, steel wire armoured, cross linked polyethylene, poly vinyl chloride) cable.
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One 630 KVA 6.6 kV/415 V transformer will be installed near the portal to supply the
compressors, starter pit sump dewatering pump along with any future 415volt loads.
Two 6.6 kV to 1 kV 500 KVA substations will be installed at the portal to start mining the portal
and the first 500 m of development. These substations will remain in place at the portal to
power the surface pump/s at 1 kV and the four 90 kW fan motors primary ventilation fans.
At this point 500 m down the decline, a 6.6/1 kV 500 KVA substation will be left to feed the
isolated halfway pod stoping block.
The peak underground loads are likely to be 2.6 MW for 3.2 MVA as summarised in Table
17-2. This excludes the primary surface fan and other loads installed outside the portal or at
the surface infrastructure area. There will be four mining panels each of between 5 and 6
sub-levels which will have similar electrical loading.
Table 17-1:

Total electrical loads installed underground

Equipment
Units
2

Jumbo

2

Solo

0
0
6

55kW Fan

8
20

Twin 55kW Fan
30kW Fans (4-6 per
level)

4
5
5

kW
Rating

Total drawn
(100%) kW

Total
Amps

Duty

Duty
drawn
kW

Duty
Amps

135

270

194

75%

203

146

75

150

108

70%

105

76

Compressor

160

0

0

90%

0

0

550kW Primary Fan

550

0

0

100%

0

0

55

330

238

100%

330

238

110

880

635

100%

880

635

30

600

433

100%

600

433

Mono

55

220

159

40%

88

64

Flygt Pump

20

100

72

40%

40

29

Flygt Pump

8

40

29

40%

16

12

Table 17-2:

Total Installed Loads

Load

kW

Total kW at 1000V - Peak

2,590

Total kW at 1000V - Average

2,262

Total Amps - Peak

1,869

Total Duty - Average

1,632

Total Amps at 6.6kV - Peak
Total Duty Amps - Average

283
178

Total KVA - Peak

3,238

Total KVA - Drawn

2,827

The nature of the mine schedule means that as a panel is developed from top to bottom sublevels will be in the fully (electrically) loaded scenario whilst under development then drop off
in running loads as development progresses to the base of the panel to commence the
bottom up stoping sequence. As such the running power load profile will quickly rise to 100 %
before dropping off to 10-30% and then back to 100% over a 2-year period (or panel life
cycle). This will mean that there will be a much higher installed transformer capacity than the
used capacity at any one time.
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An example of the major electrical loads of two levels at steady state production is shown in
Table 17-3 and Table 17-4. The loads for three levels are presented in Table 17-5 and Table
17-6.
Table 17-3:
Units

Electrical load for two sub-levels in production

Equipment

2

Jumbo

1

Solo

0
0

Compressor
550 kW Primary
Fan

4

55 kW Fan

1
6

Twin 55 kW Fan
30 kW Fans (4-6
per level)

1

Total
Drawn
(100%)
kW

kW Rating

Total
Amps

Duty

Duty
Drawn
kW

Duty
Amps

135

270

194

75%

203

146

75

75

54

70%

53

38

160

0

0

90%

0

0

550

0

0

100%

0

0

55

220

159

100%

220

159

110

110

80

100%

110

80

30

180

130

100%

180

130

Mono

55

55

40

40%

22

16

2

Flygt Pump

20

40

29

40%

16

12

2

Flygt Pump

8

16

12

40%

6

5

Table 17-4:

Total Installed Loads for Two Sublevels in Production

Load

Value

Total kW at 1000V - Peak

966

Total kW at 1000V - Average

809

Total Amps - Peak

697

Total Duty - Average

584

Total Amps at 6.6kV - Peak

106

Total Duty Amps - Average

64

Total kVA - Peak

1,208

Total kVA - Drawn

1,012

Table 17-5:

Electrical loads for three sub-levels in Production
kW
Rating

Total Drawn
(100%) kW

Total
Amps

Duty
Amps

Equipment

2

Jumbo

135

270

194

75%

203

146

Solo

75

75

54

70%

53

38

0

Compressor

160

0

0

90%

0

0

0

550kW Primary Fan

550

0

0

100%

0

0

55 kW Fan

55

330

238

100%

330

238

Twin 55 kW Fan
30 kW Fans (4-6 per
level)

110

110

80

100%

110

80

30

360

260

100%

360

260

1

Mono

55

55

40

40%

22

16

2

Flygt Pump

20

40

29

40%

16

12

Flygt Pump

8

24

18

40%

10

7

1

6
1
12

3
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Total Installed Loads for Three Sublevels in Production

Load

kW

Total kW at 1000V - Peak

1,264

Total kW at 1000V - Average

1,103

Total Amps - Peak

912

Total Duty - Average

796

Total Amps at 6.6kV - Peak

138

Total Duty Amps - Average

87

Total kVA - Peak

1,580

Total kVA - Drawn

1,378

One 1.5 MVA substation (with 6.6 kV to 1 kV transformer) will be installed for each three sublevels.
The primary voltage for all underground fixed and mobile equipment shall be 1 kV. The benefit
of using 1kV for low voltage is in a significantly reduced current, therefore cable sizes
required, reduction in costs of cabling, and the distances that can be operated before voltage
drop becomes an issue. Since larger distance can be travelled fewer substations are required
in the overall design.
Low voltage shall be taken off the mining substations (through circuit breakers and switches
integral in these units) and feed a particular area through a distribution board (“DB”). The DB
selected are able to feed six end uses or five plus allow one feed through to another DB.
On the sub-levels one low voltage cable shall typically feed two or three 6-way DB located
centrally on the footwall drive, in turn, this DB shall feed the end user loads through dedicate
starter box units.
2

These DB will be feed with 70 mm cables that cover the current load and voltage drop.
2
2
2
70 mm or 35 mm cables will supply starter panels from the DB. Cables of 10 mm size will
feed from starters to the fans themselves.
Trailing cables will be used from each jumbo starter in the footwall drives to reach the faces of
the ore drives and development drives. All trailing cables underground are (241.1 class) either
35 mm for feeding to drills or 6mm 241.1 cable has been selected for all pumps (except
90 kW).
Travelling 55 kW mono pumps located in excavations in the decline will be feed from the
nearest footwall drive 6-way.
The reticulation high voltage (“HV”) will be 6.6 kV; this has been selected as it is the existing
site reticulation voltage. For the total connected and running loads underground at this
voltage, the current required at peak is 283 A. A copper conductor steel wire armoured
2
(SWA) cable of 70 mm conductor size is rated for 172 amps. A twin feed arrangement in a
2
ring main configuration shall therefore be employed, using 70 mm cabling.
A 70 mm HV cable will be fed from the surface via the portal down the return airway for its
entire 600 m length. From the first 1.5 MVA transformer/sub-station at 820 mRL, the HV
cable will be fed down through a combination of bore holes and horizontal transfers to the
bottom of the mine.
The substations have a HV switch at the high voltage end of each one and as such the HV
cable will feed through each substation on its way to the bottom of the mine.
The underground HV reticulation is shown schematically in Figure 17-2.
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Electrical HV reticulation long-section
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Electrical Equipment List

Item

Comments

Units

Mining Substations
Substations 6.6V/1kV - 1.5 MVA
primary sized mining sub
Substations 6.6KV/1kV – 500 kVA
initially services halfway pod mining
Local area lighting transformer panel 1kv/240V - 5kVA
New Macey 11 kv 800A Bolted Coupler
for HV connections to substations

each
each
each
each

Mining Distribution
Phone cable
70mm SWA PVC/XLPE - HV

m
m

70mm SWA PVC/XLPE 3core plus earth
35mm SWA PVC/XLPE3core plus earth
10mm SWA PVC/XLPE 3core plus earth

secondary communications system
Feed from portal down
Single to feed DB's and JS/JPS,
twin to 6way DB's
from DB's to fans, starters, monos
from Fan starters to fans stages,
from mono starters to mono pumps
For all pump extension leads and
90kW pumps

16mm 3C+ e 241.1 Trailing Cable – 110 m with
Macey Plugs
35mm 3c + e 241.1 Trailining cable – 110 m with
To all drill rigs
Macey Plugs
Trailing cable Plugs ( Macey Restrained Plug)
For spares on cables and drill rigs
150Amp
Trailing cable Plugs (Macey Restrained Plugs)
for spares on pump cables
60A
Back to back Couplers 150A (Macey), including
joining trailing cables
skid plates
6mm 3c +e 241.1 Pump Cable
Trailing cable Plugs (Macey Restrained Plugs)
for 6mm pump cable
Back to Back Couplers 60A (Macey), including
skid plates
Distribution Boards
6 way
Jumbo/pump starters (150kW Jumbo, 8-37kW Pump)
Mono Pump Starters (55kW)

m

Quantity
6
1
4
5
1,000
1,300
1,500

m

1,500

m

1,000

each

6

each

24

each

6

each

4

each

24

m
each

100
2

each

6

each
each
each

10
22
3

Fans and Fan Starters
Fan - Twin 90 kW
Fan - Twin 55 kW
Fan - single 55 kW
Fan - single 30 kW
Fan Starter - Twin 90 kW
Fan Starter - Twin 55 kW
Fan Starter - single 55 kW
Fan Starter - single 30 kW

each
each
each
each
each
each
each
each

2
2
10
60
2
2
10
60

Pumps and Pump Starters
5 kW Flygt Pump
8 kW Flygt Pump
20 kW Flygt Pump
55 kW Mono Pump
8-37 kW Pump Starters

each
each
each
each
each

1
12
13
4
11

17.3 Existing Tailings Storage Facility (TSF1)
17.3.1 Introduction
The TSF1 is located northwest of the plant site at the head of a southerly draining valley,
immediately adjacent to the historical leach pad area. Ground levels in the valley range from
1000 m RL on the valley floor to more than 1060 m RL on the surrounding hills. The TSF1 is a
cross valley impoundment created by the construction of a Main Embankment in the south
with confining Saddle Embankments at the north of the facility. Natural ridges provide
containment at the east and west of the storage area. Access to TSF1 is via an unpaved
access road west of the plant site area. The catchment area of TSF1 is estimated to be about
140 ha, of which about 124 ha will be covered with tailings at the end of the facility design life.
A plan view of the current TSF1 layout is shown in Figure 17 2.
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17.3.2 Construction Sequence
The TSF1 facility has been raised in stages with the first stage being constructed in 2004. The
first stage comprised a main cross-valley embankment and a small extension embankment
located to the east of the main embankment, which were both initially constructed to 1018.5 m
RL.
Construction of the Stage II was completed in November 2007 and was raised to 1028.5
mRL. This stage comprised a major raise on the main and extension embankments
(downstream method on the main embankment and centreline method on the extension) and
the construction of saddle embankments 2 to 5 around the periphery of the facility. The stage
II embankments were constructed to an elevation of 1026.5 mRL with the exception of Saddle
Embankment 3 that was raised to 1028.5 mRL.
The Stage III works comprised upstream raises on all the embankments except Saddle
Embankment 3 (which was raised by centreline method) to a crest level of 1031.0 mRL. This
work was carried out in the period between June 2008 and February 2009. Stage III included
construction of a Coffer Embankment against the north eastern side of the facility to protect
the former Phase I heap leach material from inundation. The heap leach materials have been
re-processed to extract residual gold and to act as a viscosity modifier to the processed ore.
The majority of the heap leach material has been worked out and the area which it covered
has been incorporated into the TSF, and TSF 1 extension.
The Stage IV works comprised the raise of all the embankments up to an elevation of 1034.0
m RL and was completed in November 2010.
The Stage V construction raise included raising of the facility by 3.0 m to 1037.0 m RL and
was completed in November 2012. The raise was constructed in two 1.5m lifts. The first lift
was completed in January 2012. The construction of the second lift was completed in
November 2012.
The Stage VI raise was permitted to 1039.0 mRL. Construction to 1038.0 mRL was completed
by the end of April 2014. The full raise to 1039.0 mRL elevation was completed before the
end of 2014.
The studies undertaken by KP showed that by inclusion of the former heap leach pad into the
existing TSF1, required to achieve the closure configuration for TSF 1, would provide further
capacity for about 15 months of storage during normal operations. Additional capacity will be
realised through paddock deposition during the closure phase of the facility. The detailed
design was carried out and the report “Design Incorporating the Historic Heap Leach Pad into
TSF1_Detailed Design Report” was issued in October 2014. The TSF1 extension was
permitted by the EPA in March 2015, and construction has commenced.
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TSF1 and TSF2 layout as per Knight Piesold report
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17.3.3 Design Parameters
The TSF1 Stage 6 extension design was based on the following parameters:
•

throughput 2.7 Mtpa;

•

additional storage for 2.5 years (May/June 2013);

•

tailings solids (45% solids by weight, 55% water); and

•

average tailings dry density of 1.50 t/m .

3

17.3.4 TSF1 Capacity
TSF1 was originally designed to provide storage capacity for 21.6Mt of tailings material at the
crest elevation of 1,034 mRL. The first phase of the Stage V raise to 1035.5 mRL provided a
further 1.5 Mt of capacity. With the subsequent raises to 1039 mRL to provide some 3.24 Mt
of capacity. The extension of TSF1 is discussed in Section 17.3. In total TSF 1, including the
extension, but excluding the closure paddock deposition, is expected to contain 28.9 Mt of
tailings.
The extension of TSF1 will provide sufficient capacity to carry on until the TSF2 facility is
constructed, which is scheduled to be operational in 2017.

17.3.5 TSF1 Operation
Tailings are currently distributed via a 450 mm diameter high-density polyethylene (“HDPE”)
pipeline, which runs around the perimeter of the structure. Discharge occurs through a series
of 30 mm diameter plastic spigots, which are attached to the main perimeter pipeline at
approximately 10 m intervals. This distribution method controls the beach angle around the
perimeter of the TSF and ensures that ponding is minimized for effective drainage. A
supernatant pond currently exists in the north of the TSF area as beaches slope away from
the main embankment. Deposition occurs around the entire periphery to control the position of
the supernatant pond.
Until 2009, clarified supernatant was returned to the plant via two barge pumps at a rate of up
3
to 800m /h. During the Stage III construction program in 2009, two permanent decant towers,
which comprise perforated concrete rings, were constructed. An emergency spillway has
been constructed at saddle embankment 4 that would be available to discharge excess water
arising from any extreme rainfall events.

17.3.6 TSF1 Monitoring
KP has been the engineer of record for the monitoring of the TSF1 since October 2004. The
facility has been monitored regularly to confirm that the facility is constructed / operated
according to the original design intent. The monitoring reports have been issued on quarterly
bases that include visual inspection of the embankments, tailings beach, pipeline, drainage
structures and data collection and analysis of ground water monitoring wells, piezometer
readings, drain flows.
Glocal Engineering has been responsible for completion of construction and operational
monitoring of the facility and provides GSWL with regular reports.
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17.4 TSF1 extension over former heap leach pad
17.4.1 Introduction
KP was commissioned by GSR to undertake the detailed design of an extension of TSF 1
over the remaining former heap leach pad, in order to achieve the TSF 1 closure
configuration. The extension will provide additional storage capacity. Following the operational
deposition phase into TSF 1, deposition will occur in TSF 2. Whilst deposition is underway in
TSF 2, parallel deposition (using paddock deposition) will occur in TSF 1 (and its extension) to
achieve the final closure water management configuration. The KP detailed design report was
issued in October 2014. The details herein are based on the KP design and assumptions.

17.4.2 TSF1 Extension Design
This section presents the KP design for the incorporating the HLP into TSF1 as shown in
Figure 17-4. The heap leach pad areas have been re-mined for additional mill feed over the
last few years. The area was protected from tailings inundation by a temporary coffer dam.
The TSF 1 extension design philosophy, criteria, and assumptions were based upon:
•

Republic of Ghana Regulatory Requirements (L.I. 2182);

•

international best practice guidelines;

•

input fromn GSWL; and

•

laboratory testing of materials.

Figure 17-4:

TSF1 including HLP Area
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17.4.3 TSF1 Extension Design Criteria
Design criteria used for the design of the TSF1 extension is presented in Table 17-8.
Table 17-8:
Serial

TSF1 Extension Design Criteria
Description

Design Criteria

1

Storage

Tailings and Process Water

2

Milled Throughput

3

Monthly

216,667 t of tailings

Annual

2,600,000 t of tailings

Slurry Characteristics
Solids Concentration (Range)

35% - 45% solids by weight

Particle Size Gravity

SG = 2.81

Average sub-aerial achievable long term instorage dry density

1.2 5t/m3

Maximum achievable in-storage dry density

1.5 t/m3

Slurry density

1.37 t/m3

Tailings particle size distribution

60% < 90 µm

4

Beach Slopes

1 vertical : 100 horizontal

5

Subaqueous Slopes

1 vertical : 50 horizontal

6

Current Crest Elevation (Coffer Dam)

1039 m RL (construction in process)

7

Crest Elevation after Development (Coffer
Dam)

Will be partially excavated to 1037 mRL

8

Crest Elevation after Development (Saddle
Dam 5 Extension)

1039 mRL

9

Hazard Classification
L.I. 2182

C

CDA

High (KP Corporate Standard)

10

1:100 year 24 Hour Rainstorm

241 mm

11

IDF Storm (per CDA)

512 mm

12

Slope Stability Factors of Safety

13

Static

1.5 per L.I. 2182

Pseudo Static

1.0

Post Seismic

1.3

Earthquake Loads (Seismic Event)
Maximum Credible Earthquake

7.0

Maximum Ground Acceleration

0.1g
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The information provided to KP by the Client includes the following:
•

LIDAR site topography/layout plan;

•

Predicted tailings throughput; and

•

Climatic data (rainfall).

17.4.4 Tailings Storage Capacity and Deposition
KP carried out a storage analysis for the TSF1 extension into the HLP using Rift TD© with the
3
projected throughput of 2.6 Mtpa at the average in-storage tailings dry density of 1.25 t/m .
This reduction to settled dry density is due to the small deposition area of the basin, which
results in a higher rate of rise.
The deposition of the tailings material into the extension will be undertaken in two phases:
•

Phase 1 deposition will be to tailings elevation 1036.0 mRL with the storage capacity of
1.31 Mt. This phase will include decanting from a temporary sump. When the tailings
reach elevation 1036 mRL the coffer dam will be partially excavated to elevation
1037 mRL to allow tailings deposited during Phase 2 to merge with TSF1.

•

Phase 2 deposition is to tailings elevation 1038.5 mRL that will provide an additional
storage capacity of 0.78 Mt. During Phase 2, tailings in the HLP will merge with the
tailings in TSF1.

At the date of this technical report, the extension has been assessed to provide sufficient
volume for the storage of approximately 2.09 Mt. It is anticipated that an additional heap leach
material might be removed in the interim, which will provide an additional storage of 0.12 Mt
resulting in total storage capacity of 2.21 Mt.
Additionally, the main body of TSF1 will require configuration for closure. This configuration
can be achieved with paddock deposition in several phases. The first two phases of TSF1
paddock deposition would add approximately capacity of 2.05 Mt, bringing the total to 4.26 Mt.

17.4.5 Construction
Construction of the facility will be mostly accomplished in one phase, except for excavating a
portion of the coffer dam to facilitate the merging of the extension into the main body of
TSF 1. The design includes a downstream buttress at Saddle Embankment 5 to enable safe
installation of the HDPE liner on the upstream slope.

17.4.6 Geotechnical Investigation and Laboratory Testing
KP carried out a detail geotechnical field investigation of the TSF1 extension area in January
2013. The investigation included the excavation of six test pits and drilling of five boreholes. The
various test locations were designed and investigated to:
•

determine the properties of the foundation materials;

•

determine the permeability of the heap leach material and the underlying natural soil; and

•

determine the thickness of the heap leach material to enable estimation of settlement
under the weight of tailings.
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Particle size distribution (“PSD”) tests were conducted to classify the basin soils, evaluate
their theoretical range of permeability values, and their suitability for use as construction
materials. The results of PSD tests indicate that the natural soil and heap leach material are
slightly clayey gravely sandy SILT.
A number of permeability tests were carried out and the results indicate that the permeability
-8
of the heap leach is greater than 1x10 m/s. The permeability test conducted on natural soils
were inconclusive; however, based on permeability test, soil description and PSD, KP
concluded that the natural soils will likely be more permeable that regulations would allow,
therefore as a result the extension of the TSF1 into HLP area will be lined with HDPE
geomembrane.

17.4.7 Settlement Analysis
The settlement analysis was carried out as it is expected that the in situ heap leach materials
will settle when subject to the pressure of tailings placement which could result in the
development of tensile and shear stresses in the HDPE liner. This has the possibility to result
in tearing or breaking of the HDPE liner.
The settlement assessment however showed that the risk of tearing or breaking of the HDPE
liner is very low.

17.4.8 Slope Stability
KP carried out slope stability analyses using the limit equilibrium program Slope/W. In the
program the Morgenstern Price method of analysis was employed which considered circular
slips for both force and moment equilibrium. Stability was modelled in both drained and undrained conditions for static cases and in the un-drained case for seismic cases.
A number of stability analyses were carried out and the review of the results indicates that the
slopes of the embankments will have high factor of safety and that they are greater than the
required minimum acceptable Factor of Safety (“FoS”) adopted for the analyses.
Based on the information evaluated, design parameters and analysis undertaken, it was
concluded that the tailings embankments meet normally accepted stability requirements.

17.4.9 Drainage Design
The drainage system has been designed to follow the natural drainage path of the basin floor.
There will be two systems of drainage; under drainage and groundwater drainage.
The under drainage system will comprise of a main drain and branch drains sized to
accommodate the anticipated flows through the tailings bed for all phases of the facility.
The groundwater drainage systems will consist of a number of branch drains constructed
using 100 mm fully slotted uPVC drain coil pipe embedded in clean gravel that is surrounded
by geotextile.
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17.4.10 Storm Water Analysis and Emergency Spillway
The storm water analyses were carried out for a 1:100 year, 24 hour storm event as per the
Ghanaian Minerals and Mining Regulations. In addition, the analysis included the 1:1000
year, 24 hour storm event plus 1/3 difference between 1000 yr event and Probable Maximum
Flood (PMF), equating to 512 mm, as required for a High hazard dam in accordance with the
Canadian Dam Association (CDA) Dam Safety Guidelines 2007.

17.4.11 Liner Design for TSF 1 extension
An HDPE liner is required in the TSF 1 extension since the permeability of the base was
found to be above acceptable levels.
The liner selected for the design is a GSE HD Smooth 1.5 mm thick HDPE geomembrane.
The liner is of sufficient tensile strength to resist all tensile forces that may be placed upon it
during normal operating conditions, providing that the foundation is adequately prepared.

17.4.12 Post Construction
Post construction activities have been identified and these will include water quality,
geotechnical and environmental monitoring.
Continual tailings management, inspection and monitoring are critical to ensure that the
facility is operated in accordance with accepted international codes of best practice and
Ghanaian regulatory requirements.

17.4.13 Conclusions
SRK agrees with the principal recommendations made in the KP report and the report meets
the requirements for this FS level of study.
SRK’s assessment of the geotechnical investigation and embankment stability and seepage
analyses, settlement assessment attests that they are relevant to the size and scope of the
project and demonstrate satisfactory results.

17.5 New Tailings Storage Facility (TSF2)
17.5.1 Introduction
SRK has undertaken a review of the “Golden Star Wassa Limited - TSF2 detailed design
report” prepared by Knight Piesold Ltd in 2015. The original design was carried out in 2013;
however, the revised document issued in 2015 includes the HDPE lining over the entire basin
and upstream slope of TSF2 to comply with Ghana EPA permit requirements. The TSF2
design herein is based on the KP design and their assumptions.
It should be noted that the sites, existing TSF1 and proposed site for TSF2, were not
visited/inspected by the SRK Engineer for this review.

17.5.2 TSF2 Design
The objectives of the TSF2 design are to provide:
•

secure confinement for process water;

•

permanent and secure confinement for all solid tailings;
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•

cost effective embankment construction using local borrow and/or mine waste;

•

effective drainage systems that ensures maximization of tailings settled densities; and

•

protection of the environment, community and other resources.

Design Philosophy and Criteria
The design criteria employed for TSF2 include:
•

provision of a design with minimal environmental impact;

•

provision of a design that limits excessive and uncontrolled seepage beneath
impounding structures and into groundwater;

•

provision of storage capacity for the current LoM, approximately 12 years at 3.5 Mtpa;

•

actual capacity is forecasted to be approximately 41 Mt;

•

provision of a design that provides staged cell development for off-setting capital
expenditure;

•

provision of a design that allows sub-aerial deposition of tailings slurry to optimise the
density of deposited tailings;

•

provision of a design that allows for ease of supernatant water reclamation for
processing plant operation and maintaining optimum water storage on the facility;

•

provision of appropriate monitoring equipment for assessment of potential downstream
environmental impacts;

•

TSF2 to be designed in accordance with recommendations of the International
Commission on Large Dams (“ICOLD”), Australian Commission on Large Dams
(“ANCOLD”) and to meet Ghana Draft Mining Regulations;

•

TSF2 is designed in accordance with recommendations of the International Commission
on Large Dams (“ICOLD”), Australian Commission on Large Dams (“ANCOLD”) and to
meet Ghanaian Minerals and Mining Regulations.

•

Designed with a minimum total freeboard for the combination of a 1:100 year 24 hour
design storm event with an allowance of 0.5 m for wave runup, without flow through the
spillway and to safely discharge the flow of a 1:1000 year 24 hour storm event.

Design Criteria
The design criteria are provided in Table 17-9.
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Table 17-9:

Summary of Tailings Dam Design Criteria

Description

Design Criteria

Milled Throughput
Monthly
Total

291,666 t tonnes
3,500,000 tpa

Storm Capacity

Spillway
Intermediate Stages
Closure

1:100 year 24 hour event with no flow through the spillway, with allowance for
wave run up, assuming the supernatant pond is at maximum normal operational
elevation at the beginning of the storm event
Provide a minimum freeboard, of 1.0 m (between the pond and crest level).
Safely discharge 1:1000 year 24 hour event when supernatant pond is at
maximum designed operation level
Safely discharge 24 hour PMF event when supernatant pond is at the invert of
the spillway. Closure spillway will be designed at time of TSF2 closure.

Slope Stability Factors of Safety
Static (Operations)
Static (Closure)
Psuedo Static (Operations)
Psuedo Static (Closure)

1.7 (as per Ghana Requirements)
1.7 ( as per Ghana Requirements)
1.1
1.1

Earthquake Loads
Operating and Closure

Maximum Credible Earthquake (MCE) = 7.0, 0.1g maximum ground
acceleration (Seismic Activity in Ghana: past, present and future, P.E.
Amponsah) (Ref. 7)

Slurry Characteristic
Solids Concentration (Range)
35% - 45 % solids by weight
Solids
Concentration (Average) 40%
Particle Specific Gravity
SG = 2.81
In-storage Density
Initial In-storage Dry Density = 1.1 t/m3. In-storage Dry Density to
increase yearly beginning with Stage 7 to achieve 1.4 t/m 3.
Achievable In-storage Density =1.50 t/m3
Slurry Density
Tailings Particle Size Distribution

Tailings Deposition
Beach Slopes
Subaqueous Slopes

1.347 t/m3
60% < 90 µm
60% < 90 µm

1 vertical : 200 horizontal
1 vertical : 50 horizontal

The information provided to KP by the Client includes the following:
•

LIDAR site topography/layout plan;

•

predicted tailings throughput;

•

Climatic data (rainfall); and

•

sterilization drilling layout and report.

17.5.3 Staged Construction
Wassa TSF 2 will be constructed in three cells in the following order: Cell 2, Cell 3 and Cell 1.
The stages of each cell are as below;
•

Cell 2 – Stages 1 to 3;

•

Cell 3 – Stage 4;

•

Cell 1 – Stages 5 and 6; and
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Cells 1 and 3 – Stage 6 to 11.

Cell 2
Cell 2 will be developed first from Stages 1 to 3 to an elevation 1023 mRL with capacity of
approximately 10.0 Mt or 34 months life. Each stage will provide approximately one year
of storage capacity.
Stage 1 will be constructed to 1011.5 mRL, and will incorporate the Cell 2 Embankment and
the Cells 2 and 3 Embankment Divide. Stages 2 and 3 will be constructed to elevations
1018.5 mRL and 1023 mRL, respectively. At Stages 2 and 3, the Cell 2 West
Embankments will be incorporated.
Cell 3
Cell 3 will be developed at Stage 4, with a storage capacity of approximately 3.1 Mt or 11
month life. This stage will only incorporate the Cell 3 Embankment which will be constructed
to elevation 1010 mRL.
Cell 1
Cell 1 will be developed at Stages 5 through 6, with a storage capacity of 5.9 Mt or 20
months life. The embankments to be constructed and raised during Stages 5 and 6 are Cell
1 Main Embankment, and Saddle Dams 1, 2 and 3. Stages 5 and 6 will be constructed to
elevations 1001 mRL and 1007.8 mRL respectively, with each Stage providing approximately
10 months of storage capacity.
Cells 1 and 3
From Stage 7 through Stage II (not required for the current life of mine), Cell 1 and Cell 3 will
be merged to provide a storage capacity of 21.7Mt or 6.2 years life. The merged Cell 1 and
Cell 3 will be operated as a single cell. Each stage will provide approximately one year of
storage capacity, except Stage 11, which will provide approximately 27 months storage
capacity.
In addition to raising the Cell 1 Main Embankment and Saddle Dams 1, 2 and 3, the North
Embankment Saddle Dam 4 and North Embankment Saddle Dam 5 will be incorporated at
Stage 7. Stages 7 to 11 embankment raises will be to elevations 1012.5 mRL, 1015.0 mRL,
1017.4 mRL, 1020 mRL, and 1023 mRL. Additional raises will be possible through further
engineering designs.

17.5.4 Embankment Design
KP considered different construction methods for TSF2 embankments including upstream,
downstream and centreline method. Due to the overall stability of the embankment and as per
Ghana Minerals and Mining Regulations, the downstream method has been adopted. It is
anticipated that all further raises will be developed using the downstream approach; however,
it is stated that this needs to be confirmed during the design of the future raises. SRK agrees
with this approach and the use of downstream construction method for embankments.
The embankments, main embankment, and associated saddle dams will be constructed in
stages. The staging will be provided in the next level of the design.
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The embankments, main embankment and associated saddle embankments will be
constructed in stages. The staging will be detailed in each stage raise design report.
The embankments will comprise of the following:
•

All embankments will have upstream slopes of 1V:2H and the downstream slopes of
1V:3H, with 8 m wide crest.

•

A 500 mm high safety berm will be constructed on the downstream and upstream crests.

•

The crest will be topped with a 150 mm thick layer of wearing course material.

•

The wearing course will include a 2% gradient, sloping into the TSF2 Cells.

17.5.5 Geotechnical Investigations
KP carried out a geotechnical field investigation that comprised of 35 test pits and 13
boreholes. These were conducted within the alignment of the proposed embankments, the
TSF basin floor and in areas of the hill sides and high ground. The various test locations were
designed and investigated to:
•

determine the properties of the foundation materials;

•

determine the permeability of the basin geology;

•

evaluate groundwater levels;

•

evaluate the geotechnical characteristics of the natural slopes within the TSF basin; and

•

identify and evaluate potential sources of construction materials.

Laboratory testing on a number of samples obtained from the geotechnical investigation were
conducted. The tests carried out included natural moisture content, particle densities, bulk
density tests, particle size distribution, Atterberg limits, Standard Proctor compaction tests,
permeability tests and shear strength estimations.
The KP report concludes that the testing of the local in situ soils proved that the soils are
considered suitable to be used as construction material. It was, however, recommended that
during construction the testing of borrow materials needs to be carried out to ensure that
acceptable parameters are being achieved.

17.5.6 Slope Stability
KP carried out slope stability analyses using the limit equilibrium program Slope/W. In the
program, the Morgenstern Price method of analysis was employed which considered circular
slips for both force and moment equilibrium. Stability was modelled in both drained and undrained conditions for static cases and in the un-drained case for seismic cases.
A number of stability analyses were carried out and the review of the results indicates that the
slopes of the embankments will have high factor of safety and that they are greater than the
required minimum acceptable FoS adopted for the analyses.
Based on the information evaluated, design parameters and analysis undertaken, it was
concluded that the tailings embankments meet normally accepted stability requirements.
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17.5.7 Drainage Design
The drainage system has been designed to follow the natural drainage path of the TSF cells.
There will be two systems of drainage; under drainage and groundwater drainage.
The under drainage system will comprise of finger drains, branch drains, and collector drains
and were sized to accommodate the anticipated flows through the tailings bed for all phases
of the facility.
The groundwater drainage systems will consist of a number of finger drains constructed using
100 mm fully slotted uPVC drain coil pipe embedded in clean gravel that is surrounded by
geotextile.

17.5.8 Decant System
The decant system will consist of a barge with two pumps mounted on the floating barge
and a decant return pipe. A floating barge was chosen due to the ease of operation with
respect to positioning the barge within an acceptable body of water.
The decant water return system has been designed to provide up to 95% of the processing
3
plant monthly water requirements as well as the capability to transport approximately 0.5 Mm
to the detoxification plant for treatment and release to the environment. Additionally, at times
the system will also be responsible for removing water to the detoxification plant after large
volume storms.

17.5.9 Tailings Deposition Strategy
Deposition of the tailings material will occur from evenly spaced spigots with slotted dropper
pipes. It was stated that the dropper pipes will reduce tailings flow and achieve maximum
particle separation at the optimum flow velocity. Tailings will be deposited sequentially to
control the location of the supernatant pond and to achieve the maximum dry tailings density
possible.
It is envisaged that the facility will be developed as follows:
•

Cell 2 – Stages 1 to 3 through years 1, 2 and 3;

•

Cell 3 – Stage 4 at year 4;

•

Cell 1 – Stages 5 and 6 at years 5 and 6; and

•

Cells 1 and 3 – Stages 7 to 11 through years 7 to 11.

The Cell 2 tailings deposition strategy will be such that the pond will be initially located close
to the Cell 2 Embankment and moved toward the south-western arm of Cell 2. The Cell 2
basin slopes northward toward the Cell 2 embankment. Initially depositing from this
embankment will move the pond toward the natural high ground at the south-western arm.

17.5.10 Storm Water Analysis and Emergency Spillway
The storms water analyses were carried out for a 1:100 year, 24 hour storm event as per the
Ghanaian Minerals and Mining Regulations requirements. In addition, the analysis included a
1:1000 year, 24 hour (331 mm) storm event, as the dam has been classified as Significant in
accordance with the Canadian Dam Association (CDA) Dam Safety Guidelines 2007 (19).
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17.5.11 Liner Design
Following the review of the TSF 2 Environmental Impact Statement of February 2013, the
th

Environmental Protection Agency permitted the facility (EPA/EIA/383) on the 5 of April
2013 with the condition that the basin was lined with an HDPE liner. KP was subsequently
commissioned to develop the TSF 2 liner design facility that is described herein.
The liner selected for the design is a GSE HD Smooth 1.5 mm thick HDPE geomembrane.
The liner is of sufficient tensile strength to resist all tensile forces that may be placed upon it
during normal operating conditions, providing that the TSF2 footprint foundation is adequately
prepared.

17.5.12 Post Construction
Post construction activities have been identified and these will include water quality,
geotechnical and environmental monitoring.
Continual tailings management, inspection and monitoring are critical to ensure that the
facility is operated in accordance with accepted international codes of best practice and
Ghanaian regulatory requirements.

17.5.13 Closure and Rehabilitation
GSWL has documented a provisional closure plan within the Environmental Impact
Statement (“EIS”) for the environmental and socio-economic permitting of TSF2. As
documented within the EIS, GSWL will incorporate the TSF2 closure plan with the wider
GSWL closure plan.
Closure of TSF2 will be in accordance with the Environmental Permit issued for the facility
and will include details of proposals for the control and discharge of surface water and
storm water, the long term monitoring of discharge and seepage, the long term monitoring
and auditing of the facility, as well as the rehabilitation and proposals for reuse of land on the
embankment slopes and tailings beaches.

17.5.14 Conclusions
SRK agrees with the principal recommendations made in the KP report and the report meets
the requirements for this FS level of study.
SRK’s assessment of the geotechnical investigation and embankment stability and seepage
analyses attests that they are relevant to the size and scope of the Project and demonstrate
satisfactory results.
Social, environmental, and hydrogeological criteria used in the site evaluation are reported to
be described in previous studies but are not stated in the reviewed document. This is
acceptable as long the studies were undertaken and referenced.
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MARKET STUDIES AND CONTRACTS (ITEM 19)
GSWL has conducted appropriate market studies and appropriate contracts are in place. The
assumptions made concerning commodity price projections, product valuations and product
specification requirements which are used for planning purposes of the current LoM are
considered appropriate and are discussed further in Section 21.
.
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ENVIRONMENTAL AND SOCIAL APPROVALS AND
MANAGEMENT (ITEM 20)

19.1 Relevant Legislation and Required Approvals
The Minerals and Mining Act, 2006 (Act 703) is the governing legislation for Ghana’s minerals
and mining sector. It requires that mines obtain environmental approvals from relevant
environmental agencies as outlined in Table 19-1. Ghanaian environmental legislation is well
developed and is enforced by the Environmental Protection Agency (“EPA”).

19.1.1 Environmental Assessment Requirements
The overarching Act that regulates the environmental regime of Ghana is the EPA Act, 1994
(Act 490). The main legal framework used by the EPA for regulating and monitoring mineral
operations is the Environmental Assessment Regulations, Legal Instrument 1652 of 1999
(LI 1652). These regulations cover requirements for environmental permitting, Environmental
Impact Assessment (“EIA”), the production of preliminary environmental reports (“PERs”) and
subsequent Environmental Impact Statements (“EISs”), environmental certificates,
Environmental Management Plans (“EMPs”) and reclamation bonding.
The EPA grants environmental approval to projects, in the form of an Environmental Permit.
The decision on whether or not to grant the permit is based on the findings of an EIA, which
also covers social aspects and is documented in an EIS. For a mine, an EIS must include a
reclamation plan (Regulation 14 of LI 1652) and a provisional EMP. The EIS may be subject
to a public exhibition period and public hearing before formal review by the EPA. Responses
of regulators and community obtained through these processes are redirected to the
proponent for incorporation into the Final EIS, before an Environmental Permit is granted.
Within 24 months of receipt of an Environmental Permit, mines are required to obtain an
Environmental Certificate from the EPA (Regulation 22 of LI 1652). The Environmental
Certificate is a follow-up mechanism that confirms: commencement of operations; acquisition
of other permits and approvals where applicable; compliance with mitigation commitments
made in the EIS or EMP; and submission of annual environmental reports to the EPA.
An EMP must be submitted within 18 months of commencement of operations and must be
approved by the EPA. A provisional EMP is typically provided in an EIS, with the expectation
that the new project EMP would be incorporated into the mine’s overarching EMP when it is
updated. Mines are required to update their EMPs every three years and have to submit the
updated EMPs to the EPA for approval (Regulation 24 of LI 1652).
All mines in Ghana are required to have a reclamation plan (Regulation 14 of LI 1652). In
addition, mining operations have to submit annual environmental reports (Regulation 25 of
LI 1652) and monthly environmental returns of the environmental parameters monitored to
EPA. Comments are also expected in cases where monitored values exceed limits and, as
appropriate, a project is to provide the measures to prevent further occurrences.
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Primary Environmental Approvals Required for Mining Operations

Regulatory
institution

Approvals that have to be obtained

Reporting, inspections
and enforcement

Environmental
Protection Agency
(“EPA”)

Environmental Permit

Reporting

In accordance with Section 18 of the Mining Act,
2006 (Act 703), and the Environmental
Assessment Regulations, 1999 (LI 1652), of the
EPA, a holder of a mineral right requires an
Environmental Permit from the EPA in order to
undertake any mineral operations.

Mines must submit
monthly returns and
annual environmental
reports to the EPA.

Approved Environmental Management Plan
(“EMP”)

The EPA undertakes
regular inspections to
ensure that mineral right
holders are compliant
with permit conditions and
the environmental laws
generally.

Established under the
Environmental
Protection Agency
Act, 1994 (Act 490),
the EPA is
responsible for
among other things,
the enforcement of
environmental
regulations.

An EMP must be submitted within 18 months of
commencement of operations and updated every
three years (Regulation 24 of LI 1652).

Inspections

Environmental Certificate
Enforcement
This must be obtained from the EPA within 24
months of commencement of an approved
undertaking (Regulation 22 of LI 1652).
Approved reclamation plan
Mine closure and decommissioning plans have to
be prepared and approved by the EPA
(Regulation 14 of LI 1652).

The EPA is empowered
to suspend, cancel or
revoke an Environmental
Permit or certificate
and/or even prosecute
offenders when there is a
breach.

Reclamation bond
Mines must post a reclamation bond based on an
approved reclamation plan (Regulation 22 of
LI 1652).
Minerals
Commission and
Mines Inspectorate
Division
Established under the
Minerals and Mining
Act, 2006 (Act 703),
the Minerals
Commission
administrate mineral
rights in trust for the
people of Ghana.

Exploration and mining operating plans

Reporting

A holder of a licence shall not commence
operations unless an Operating Permit is issued
by the Inspectorate Division for the operations.
Modifications to operating plans are required to
be approved by the Chief Inspector of Mines.

Mines must submit
monthly and quarterly
returns.

Emergency response plan

The Mines Inspectorate
undertakes regular
inspections to ensure that
mineral right holders are
compliant with regulations
and laws generally.

An emergency response plan must be submitted
to the Inspectorate Division for approval.
Resettlement plan
LI 2175 defines specific requirements for
compensation and resettlement, including
approval of resettlement plans by the district
planning authority.
Closure Plan
Regulations 273 to 277 provided detailed
requirements for closure requirements and plans.

Inspections

Enforcement
Regulations 21 and 22
allow the Mines
Inspectorate to issue
improvement and/or
prohibition notices for
contraventions of the
Regulations.

Other
An array of other permits and licences (e.g.
explosives) are required to be obtained in support
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Approvals that have to be obtained

Reporting, inspections
and enforcement

of mining operations, which incorporate
environmental and social requirements.

Water Resources
Commission
(“WRC”)
Established under the
Water Resources
Commission Act,
1996 (Act 522), the
WRC is responsible
for the regulation and
management of the
use of water
resources.

Approvals for water usage

Reporting

Under Section 17 of the Mining Act, 2006 (Act
703), a holder of a mineral right may obtain,
divert, impound, convey and use water from a
watercourse or underground reservoir on the land
of the subject of the mineral right, subject to
obtaining the requisite approvals under Act 522.

Holders of water use
permits must submit
quarterly and annual
reports to the Water
Resources Commission.
Inspection

The Water Use Regulations, 2001 (LI 1692),
regulate and monitor the use of water.

The WRC has power to
inspect works and
ascertain the amount of
water abstracted.
Enforcement
Both Act 522 and
L.I. 1692 prescribe
sanctions for breaches.

Forestry
Commission and
Forestry Services
Division

In accordance with Section 18 of the Mining Act,
2006 (Act 703), a holder of a mining right must
obtain necessary approvals from the Forestry
Commission.

Guidelines and standards relevant to the mining industry have been made under the EPA Act.
These include the Mining and Environmental Guidelines (1994), which provide guidance on
the contents of EIS and EMP reports and of reclamation plans. They also include guidelines
on EIA procedures, effluent and emission standards, ambient quality and noise levels and
economic instruments.
The EPA conducts routine monitoring of environmental parameters for mining operations and
the results obtained are cross-checked with the monthly return values submitted by
operations and compared relevant standards.
The EPA is empowered to suspend, cancel, or revoke Environmental Permits where the
holder is in breach of LI 1652, the permit conditions or the mitigation commitments in the
EMP.
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19.1.2 Minerals and Mining Requirements
The Minerals and Mining Act, 2006 (Act 703) establishes law on the process for obtaining
mineral rights, and the administration and management of these rights and for the protection
of the environment. Supporting the Act, are the Minerals and Mining Regulations, 2012.
These cover general aspects (LI 2173), matters relating to compensation and resettlement
(LI 2175), explosives (LI 2177), support services (LI 2174), and health, safety and technical
requirements (LI 2182). The regulations listed below have particular relevance to
environmental and social management:
•

Minerals and Mining (Health, Safety and Technical) Regulations 2012 (LI 2182) – these
regulations define requirements for approval of mine closure plans, hazard classes for
tailings storage facilities, and set requirements for embankment design, factors of safety,
impoundments, freeboard, discharge systems, safety arrangements, monitoring,
planning, auditing and closure.

•

Mining General Regulations 2012 (LI 2173) – these promote preferential employment of
Ghanaians and preferential procurement of goods and services from Ghanaian service
providers, mines are required to prepare localisation plans to achieve this and to submit
frequent reports (monthly, six-monthly and annual reports) that provide information on
Ghanaian and expatriate staff numbers as well as information on payments of salaries
and wages, royalty and corporate tax.

•

Mines (Support Services) Regulations, 2012 (LI 2174) – these extend the requirement to
preferentially employ Ghanaians to providers of services to mines.

•

Mines (Compensation & Resettlement) Regulations, 2012 (LI 2175) – these require that
displaced people are resettled to suitable alternative land and that their livelihoods and
living standards are improved. The resettlement plan must be approved by the district
planning authority and then given effect by the Minister responsible for Mines.

GSWL has a localisation plan that has been approved by the Minerals Commission that
covers expatriate staff and is in full compliance with the regulation requirements.
GSR is listed on the Ghana stock exchange and continues to submit its annual financial
reports as required by the law.

19.1.3 Water Resources Legislation Requirements
The Water Resources Commission Act, 1996 (Act 552) establishes the Water Resources
Commission (WRC) and sets requirements regulating the use of water resources. The Water
Use Regulations, 2001 (LI 1692), and Drilling Licence and Groundwater Development
Regulations, 2006 (LI 1827), complement the Act by specifying: the requirements for obtain
permits for water use, water rights, and priorities for water use; and water drilling licences,
and well construction requirements; respectively.

19.1.4 Existing Environmental Approvals
A summary of environmental approvals held by GSWL is provided in Table 19-2.
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Overview of Permitting of Existing Operations
Environmental approval for development of the Wassa operations, including the original
extent of the Main pits, was obtained based on an EIS developed by SGS for Satellite
Goldfields Limited in 1998. The Main pits complex comprised the interconnected South East,
242, F and B Shoots, South and Main South, and 419 pits.
In September 2002 Golden Star Resources purchased the fixed assets of the project and the
Wassa operations recommenced under Wexford Goldfields Limited, with 90% ownership by
Golden Star 90% and 10% ownership by the Government of Ghana.
In 2004 the operations were expanded and converted to a conventional CIL process via the
Wexford Goldfields Limited Wassa EIS. The South Akyempim pits were permitted in 2006.
Expansions to the Main pits complex (with cutbacks to 242, South and Main South, F and Bshoots) were later permitted in 2010 through the subsequent GSWL (Wassa) Pits Expansion
EIS.
In late 2005 Golden Star acquired St Jude Resources (Ghana) Limited and with it, the HwiniButre and Benso properties. These previously operated satellite projects were expanded in
2007 with the Hwini-Butre and Benso (HBB) EIS. The G-Zone waste rock dump (Benso) was
later permitted for expansion via EIS in 2010.
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Environmental Approvals Obtained for the Wassa Mine

Approval

Permit No.

Date of Issue

Expiry Date

Comments

Environmental Protection Agency
Approval of the Satellite
Goldfields Limited Wassa
project EIS

N/A

1998

There are no formal approval
documents on record

EIA and EMP for Exploration in
N/A
Subri River Forest Reserve

2004

There are no formal approval
documents on record

Environmental Permit for the
Wassa Power Project

Form D
(0010335)

07/05/2004

N/A

Based on Volta River
Authority Wexford Power
Project 161 kV Power
Transmission Line Bogoso to
Akyempim Environmental
Scoping Report (2003)

Environmental Permit to
pursue operations

EPA / EIA/112

18/03/2004

N/A

Based on Wexford Goldfields
Limited Wassa project EIS
(2004)

24/02/2006

N/A

St Jude Resources (Ghana)
Limited based on Hwini Butre
EIS and Subriso EIS

Hwini Butre Permit
EPA/EIA/175
Benso Subriso Permit

Detox Plant and Discharge to
Kubekro Creek Approval

Letter

23/12/2005

N/A

South Akyempim
Environmental Permit

EPA/EIA/190

02/06/2006

N/A

Based on EIS on South
Akyempim Project (2005)

Hwini-Butre/Benso Project
Environmental Permit

EPA/EIA/247

02/10/2007

N/A

Based on the Hwini-Butre and
Benso EIS (2005)

Wassa Pits Expansion Project
Environmental Permit

EPA/EIA/322

20/12/2010

14/06/2012

Based on Wassa Pits
Expansion EIS (2010)

G-Zone Waste Rock Dump
Environmental Permit

EPA/EIA/323

13/12/2010

12/06/2012

Based on Supplementary EIS
for G-Zone Waste Dump
(2010)

Environmental Certificate

EPA/EMP/093

15/04/2011

14/04/2014

EMP submitted for renewal

22/07/2011

01/05/2012

Applied for renewal

Reclamation Bond
TSF 1 embankment raise to
1035.5 mRL

Letter

4/08/2011

N/A

TSF 1 embankment raise to
1037 mRL

Letter

9/05/2012

N/A

Environmental Permit for
Mineral Exploration (Accra
Newtown)

EPA/PR/PN/769

4/09/2012

3/09/2014

EPA permit renewal will follow
PL renewal by MinCom

Environmental Permit for
Mineral Exploration (Manso)

EPA/PR/PN/770

4/09/2012

3/09/2014

New permit not presently
required

TSF 2 Permit

EPA/EIA/383

5/04/2013

4/10/2014

Based on corresponding EIS
(2013)
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Approval

Permit No.

Date of Issue

Expiry Date

Comments

TSF 1 embankment raise to
1039 mRL

Letter

12/04/2013

N/A

Father Brown/Dabokrom
Supplementary EIS

Letter

Invoiced
14/01/2014

Permission to divert Adehesu
creek at South Akyempim

NA

06/12/2006

N/A

Water Use Permit Diversion of
Ben and Subri Streams

N/A

27/03/2008

N/A

Water Use Permit (Akyempim)

GSWLID134/1/14

01/01/2014

31/12/2016

Water Use Permit (dewater
Wassa Main and Starter)

GSWLID134/2/14

01/01/2014

31/12/2016

Water Use Permit (Mpohor)

GSWLID212/14

01/01/2014

31/12/2016

Water Use Permit (Benso)

GSWLID193/14

01/01/2014

31/12/2016

WEDA/DEV 15

9/01/2013

N/A

Wassa East District Assembly

Awunakrom Resettlement Plan AWDA/DEV 21

4/03/2013

N/A

Ahanta West District
Assembly

Based on Father
Brown/Dabokrom Impact
Prediction Study (2012)

Water Resources Commission

District Assembly
Togbekrom Resettlement Plan

Environmental Certificate and EMP for the Overall Operations
GSWL (then Wexford Goldfields Limited) received its first Environmental Certificate for the
period 21/09/2006 to 20/09/2009. The subsequent certificate was issued in April 2011 and
expired in April 2014. The certificate renewal process was initiated with the submission of a
new EMP to the EPA in October 2013 and is still underway. Comments were received from
the EPA in 2014 and the revised EMP was submitted to the EPA in June 2014. In November
2014, the EPA invoiced GSWL for the Environmental Certificate and provided further
feedback intended to standardise EMPs within the industry.
The Environmental Certificate and the EMP are for the overall Golden Star Wassa operations;
incorporating the Wassa operation, the suspended Hwini Butre and Benso operations, and all
associated infrastructure, including the Hwini Butre Benso access road.
Notable Conditions of Approval
The Environmental Permit and in the EISs for operations require compliance with applicable
legislation and that the Company must post a reclamation bond within one year of
commencement of operations. GSWL posted its initial reclamation bond in November 2004.
The bond is updated periodically to reflect approval of new/expansion projects. As at the end
of the year 2014, the GSWL bond was US$ 9,572,231.
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The mining leases also contain conditions relevant to environmental management. The
Wassa Mining Lease LVB 7618/94, Benso Mining Lease LVB26871/07, and Hwini Butre
Mining Lease LVB1714/08 stipulate conditions for the encroachment of mining activities on
community infrastructure, the disturbance of vegetation, the conservation of resources,
reclamation of land and prevention of water pollution.

19.1.5 Primary Approvals Required for the Wassa project
For the Wassa project, it will be necessary to undertake an EIA and submit an EIS to the EPA
to obtain an Environmental Permit for the operation. The EIS must contain a provisional EMP
and closure plan for the project. GSWL does not foresee that there will be any particular
obstacles to the permitting of the project, as it is in a disturbed area, is unlikely to pose any
residual or cumulative impacts of any significance, and the project will have environmental
effects consistent with those of the existing operations (Table 19-3).
Table 19-3:

Anticipated Environmental and Social Aspects and Impacts of the
Wassa Project Relative to Existing Operations

Aspect/Impa
ct

Expected

Existing

Annual
ore/waste
production

Normal open pit production plus
underground will continue at current rate.
Underground material will replace current
production from the open pit.

Ore: 2.7 Mt (2014)
Waste: 12.4 Mt (2014)

ARD potential

Low, to be confirmed with geochemical
study

Low

Noise
emissions

Existing plus small number of new
machinery most remaining underground, to
be confirmed with noise modelling

Existing open pit and support fleet, and
fixed plant infrastructure – with no
ambient noise exceedances in 2014

Air emissions

Existing plus predominantly point source
vent exhaust emissions, to be confirmed
with air modelling

Diffuse emissions from open pits, waste
dumps, roads and processing sources

Blasting

Existing open pit blasting plus
underground, to be confirmed with blasting
study:

Main pits (surface) blast: 213 holes
(12,900 kg explosive), for an average of
66 kg of explosive per delay.

Development blast: 55 x 45 mm holes
(~235 kg explosive), maximum charge per
delay of 33 kg.

No blasting exceedances in 2014

Stope blast: (~785 kg), maximum charge
per delay of 40 kg.
Water use

Existing plus modest usage underground
for machinery.
3
90m per day of make up water will be
required

445,393 ML abstracted 2014

Dewatering

Existing abstraction plus estimated 9 to 35
L/s from underground, to be confirmed with
hydrogeological study

1.5 ML/day, within Water Resources
Commission licencing requirements.

Energy use

Existing plus 900 kW for underground.

69,921 MWh (2014 consumption)

Land use

Some 36 ha of greenfields and 74 ha of
brownfield land (former SAK pits footprint)
for waste dump expansion.

Wassa operational area 512.15 ha as at
31-Dec-2014. Compensation has been
provided for all disturbed land.
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19.1.6 Status of the EIS, Approvals and Land Acquisition for TSF 2
As TSF 2 will be used for the Wassa project, it is considered relevant to outline the status of
environmental and social management for TSF. The TSF 2 project was registered with the
EPA in early 2010 and a draft EIS was submitted to the EPA in August 2012. Following a
public exhibition period, a public hearing for the project was held in November 2012. A Final
EIS was submitted for assessment in March 2013 and the Environmental Permit for the
project was issued in April 2013.
The project necessitated resettlement of the Togbekrom village and associated hamlets.
Consistent with GSR requirements, a Resettlement Action Plan was developed for the project
in accordance with IFC Performance Standard 5.
In accordance with the Minerals and Mining (Compensation and Resettlement) Regulations,
2012 (LI 2175), the Resettlement Action Plan was submitted to the Wassa East District
Assembly in August 2012, and approved in January 2013. As at early 2014, all former
residents of the Togbekrom community and surrounding hamlets had resettled to their new
residences at New Togbekrom (adjacent to Ateiku). With the successful resettlement of
Togbekrom, the 340 ha valley proposed for TSF 2, which incorporates a nominal 80 ha buffer,
is no longer a site of human habitation.
As the TSF 2 was not developed within the standard 18 month permit timeframe, in July 2014
GSWL applied to the EPA for the renewal of the permit. The 18 month timeframe is a
standard EPA permit condition to ensure currency of impact assessments, and as a result the
EPA have requested that GSWL update the EIS to reflect current conditions (completion of
the resettlement project), and to provide finalised TSF 2 cellular liner design documents.
GSWL expect to submit the updated EIS in the second quarter of 2015.

19.2 International Requirements
19.2.1 Environment and Conservation
The Government of Ghana is a party to a number of international treaties relating to the
environment, notably:
•

Ramsar Convention on Wetlands of International Importance - there are five designated
Ramsar sites along the coast of Ghana and there are none in the project area.

•

Convention of International Trade in Endangered Species (“CITES”).

•

United Nations Framework Convention on Climate Change.

Ghana has more than 1,000 IUCN-management protected areas including 317 forest
reserves (EarthTrends 2003). There are two forest reserves near the project area; the Bonsa
River Forest Reserve and the Subri River Forest Reserve. Approximately 12 km of the Hwini
Butre Benso access road traverses the Subri River Forest Reserve.

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 244 of 294

May 2015

SRK Consulting

Wassa FS –Main Report

19.2.2 Human Rights
In 2005 GSR, with the full support of its Board of Directors wrote to the UN Secretary General
as a statement of commitment to adoption of the United Nations Global Compact. GSR’s
2014 Corporate Responsibility Report will be its ninth report on progress of implementation of
the UN Global Compact, and GSR continues to integrate the UN Global Compact principles
into its business activities (www.unglobalcompact.org). Through its annual public Corporate
Responsibility Report (formerly Sustainable Development Report), GSR details ways in which
the company is contributing to advance Ghana’s performance in regards to the Millennium
Development Goals.

19.2.3 Anti-Corruption
The Government of Ghana was designated as Extractive Industries Transparency Initiative
compliant in 2010. In support of this, GSR publically reports on an annual basis on the
payments made by the company to the Government of Ghana. As at the end of 2014, GSR
businesses have made significant contributions to the people of Ghana through Government
payments:
•

GSWL Life to date: Over US$ 136 m; and

•

In 2014 the Office of the Administrator of Stool Lands, Traditional Authorities, Stool
Lands, and District Assemblies expected royalty distributions from our operations of over
US$1.4 m.

GSWLs parent company GSR, being registered in the US and Canada is subject to the US
Dodd–Frank Wall Street Reform and Consumer Protection Act, the US Corruption of Foreign
Officials Act and the Canadian Corruption of Foreign Public Officials Act. Internal GSR
policies address these items for GSR management.

19.2.4 Voluntary Codes
GSR has adopted a number of voluntary international codes and standards of practice
pertaining to corporate responsibility at the Wassa operations:
Cyanide management – Golden Star Wassa has been in full certification to the International
Cyanide Management Code since 2009;
•

Tailings storage facilities – current TSF 1 and TSF 2 designs align with the requirements
of the International Committee on Large Dams (“ICOLD”);

•

Gold mining and processing – as a member of the World Gold Council, Golden Star
ascribes to the Responsible Gold Standard; and

•

Resettlement, land acquisition, and compensation – since 2009, Golden Star has
ensured all resettlement projects conform to the International Finance Corporation (“IFC”)
Performance Standard 5 on Land Acquisition and Involuntary Resettlement.

As GSR has adopted these voluntary standards and codes, a key component of GSR’s
corporate assurance includes independent review, audit and/or validation of conformance to
the principles ascribed herein.
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19.3 Environmental and Social Setting
19.3.1 Biophysical setting
The concession area falls within the wet semi-equatorial climatic zone of Ghana. It is
characterised by an annual double maxima rainfall pattern occurring in the months of May to
July and from September to October. The average annual rainfall measures at the nearest
meteorological station (Ateiku) is 1,996 ± 293 mm. The average annual rainfall measures at
the GS Wassa weather station is about 1,750 mm / year.
Surface Water
The terrain in the concession area is hilly and is drained by tributaries of the Ankobra and Pra
River systems, which drain the south western parts of Ghana into the Atlantic Ocean. The
area is relatively wet, with many low lying swampy areas.
The Wassa mining lease area is drained by tributaries of the Pra namely the Toe to the far
south, Kubekro to the east and the Petetwum to the north.
Hydrogeology
Previous hydrogeological studies comprise:
•

Minerex Environmental Limited (MEL) – 1996 Hydrogeological Assessment (MEL,
1996a, b and c);

•

SRK – 2014 Preliminary Economic Assessment (PEA) (SRK, 2015); and,

•

SRK – 2015 Hydrogeology Feasibility Study (input to the FS).

According to the MEL (1996 c) hydrogeological report, two lithological units are considered to
be hydrogeologically distinct:
•

The upper oxidised weathered zone. Reported by MEL (1996c) as generally phreatic
and the principal groundwater flow occurs where vein quartz occurs more abundantly.
The upper saprolite (<10m) has a moderate permeability (1-5m/d) which is likely to result
from fines being washed through. The permeability will decrease significantly with depth
through the saprolite to act as a confining horizon at lower more permeable (quartz-rich)
zones; and

•

The lower un-oxidised bedrock. Reported by MEL (1996c) as unconfined in
topographically elevated areas and semi-confined in the valleys where there is vertical
-2
upward head gradient. The permeability is low (1x10 m/d) but two orders of magnitude
higher along faults (1 m/d). The bedrock aquifer is developed in quartz-veined and
brecciated zones where signs of iron oxide weathering is present and would appear to
comprise of a series of zones of groundwater storage within brecciated zones.

Analysis of the Very Low Frequency (“VLF”) geophysics data for conductive zones (MEL
1996b) indicated that the potential for significant water inflows was generally low, and in some
valley areas, confined groundwater was discharging into swamps. Analysis of the VLF
geophysics data for conductive zones indicated that although the potential for significant
water makes was generally low, testing of locations along possible fracture zones was
important to determine the most productive zone of the fresh bedrock and aquifer parameters.
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Subsequent drilling during the MEL assessment found that groundwater was first intercepted
at the interface of the saprolite with the slightly oxidised bedrock and was confined to the
saprolite. In regards to the drilling in the fresh bedrock, the most significant (small) water
makes coincided with the high quartz zones (up to 50% quartz).
A site visit conducted by SRK as part of the PEA (SRK, 2015) supported the MEL
characterisation of low permeability bedrock, with small inflows observed to be isolated to
discrete joints and, possibly, drain holes. Faulting does not appear to be significant at Wassa,
or at least has no dominant control on groundwater flow. Rather, the conceptual model is one
of more pervasive movement of groundwater through inter-connected joint sets.
A limitation of the MEL investigation was that the drilling and hydrogeological tests were
completed only up to 100m below ground level, whereas the proposed underground
development could extend up to 480m below ground level. Therefore as part of the PEA SRK
conducted a high level review of Rock Quality Designation (RQD) from geotechnical data to
determine the likely extent of fracturing at the depth of the proposed underground mine.
RQD recorded in two databases (Pre-2012 and Post-2012 drilling) was used for the PEA
(SRK, 2015) to assess persistence of fracturing at the depth of proposed underground mine.
It was found that over 98% of RQD measurements within the underground domain are ≥90%
RQD, indicating a very competent rock mass. It can be seen in Figure 19-1 that the
remaining 2% of measurements that are ≤90% RQD are discretely distributed throughout the
rock mass that may result in small localised inflows where intersected.

Figure 19-1:

RQD colour-mapped plot along drill holes in Leapfrog within the PEA
geotechnical domains (SRK, 2015)
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The MEL hydrogeological assessment (MEL, 1996c) suggests that the low mineralization
characteristics of groundwater in the upper aquifer units (oxidised zone) indicate a recently
recharged aquifer. The same assessment suggests that recharge to the lower aquifer unit
(unoxidised bedrock) will occur on topographic ridges local to the area where a downward
vertical head gradient exists. In the absence of site-specific quantitative recharge estimates, a
literature review was conducted by SRK for the PEA (SRK, 2015) to ascertain a likely range of
recharge rates for analogous locations in Ghana. Based on literature data derived by Obuobie
and Barry (2010), groundwater recharge estimates from numerous studies across Ghana vary
from 1.5% to 19% of annual rainfall.
MEL (1996c) found that, generally, the groundwater gradient dips steeply off the plateau
areas following, but not as steep as, the topography. Water levels fluctuate seasonally by only
1 to 2 m and in nine months of monthly sampling (wet and dry season), were slightly higher in
November (gradient 0.048) than in February (gradient 0.043), with water levels falling in
March, but rising in May through July.
Rising head permeability tests completed by MEL (1996c) indicated moderate transmissivity
in the saprolite and low transmissivity in the fresh bedrock. Step and constant rate tests
showed that generally the bedrock is poorly productive except where fault zones occur. The
fault zones at Wassa have been possible to delineate using VLF geophysical data (MEL,
1996).
Table 19-4:

Summary of MEL (1996) aquifer properties for Wassa (<100 meters
below ground level)

Aquifer
The upper oxidised weathered zone (saprolite)
The lower un-oxidised bedrock
Faults

Hydraulic Conductivity (m/d)
1-5
-2
1 x 10
1

As mentioned previously, the main limitation of the MEL investigation was that the drilling and
hydrogeological tests were completed only up to 100m below ground level, whereas the
proposed underground development could extend up to 480m below ground level. Therefore,
as part of the PEA (SRK, 2015), SRK estimated the hydraulic conductivity of the rock mass
beyond 100m.
The PEA estimated that hydraulic conductivity (K) for the bedrock that will encapsulate the
underground development to be low based on a high-level review of RQD distribution.
Groundwater inflow will likely be isolated to zones of low RQD where open joints are present,
similar to what has been observed in present day open pit operations.
Hydraulic conductivity literature values for fractured crystalline bedrock may range between
-2
1x10 and 3m/day (Wright, 1992). MEL (1996c) reports a hydraulic conductivity of the
-2
unoxidised bedrock of 1x10 m/d where non-faulted, which is at the lower range of values
presented by Wright.
To complement the work completed to date, the EIA studies for the Wassa expansion project
will incorporate further hydrogeological testing of deeper drill holes intersecting the
underground deposit and faults. The results of the testing will be used by Golder to produce a
refined hydrogeological conceptual model and revised groundwater inflow estimates for the
EIA.
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Water Quality
MEL (1996c) found that whilst the groundwater hydrochemistry could not be clearly subdivided into groups, a correlation did appear to exist between the confined nature of
groundwater in the boreholes and the hydrochemistry. Groundwater in the valley areas had a
higher calcium bicarbonate signature than the groundwater from more elevated plateau areas
which had a neutral ionic signature and low ionic strength, indicating that the groundwater
resident in the aquifer longer has become more saturated with respect to calcium carbonate.
GSWL currently maintains an extensive water quality monitoring program for both surface and
ground water (GSWL Annual Environmental Report 2014). The GSWL interpretation of the
data is that both surface water and groundwater quality has remained consistent with the
findings of the Wassa Gold Project Environmental Baseline Study (SGS, 1996), the EIS
(SGS, 1998) and associated specialist studies (MEL, 1996a, b and c) throughout operations.
Groundwater in the area generally ranges from slightly acidic to basic in nature, reflecting the
nature of the soils, as well as the lack of connection between the aquifers. Studies have
shown that the shallow groundwater is often acidic (Geosystems, 2013), whilst the water
quality in deeper bores reflects the greater saturation of neutralizing minerals resulting from
the more confined nature, and associated longer residence time, of the deeper aquifer.
The nitrate and nitrite concentrations are low, as is the phosphorus concentration of
groundwater, reflecting the low contents in the rocks from which the soils develop, and to a
greater extent the intense leaching to which they have been subjected.
Surface water in the vicinity of the main pits, on average, conform to the EPA Effluent Quality
Guidelines. Occasional peaks in suspended sediment and nitrogen from the operations are
removed by mine dewatering treatment processes. Elevated levels of iron are seen to reflect
the baseline conditions and rock geochemistry.
Geochemistry
Both ore and waste rock have been found to have low potential for acid generation based on
acid base accounting studies undertaken on ore in 1998 (SGS, 1998), analysis of pit waters
that showed the pH to consistently ranged from pH 6.5 – 8 (SGS, 2002), analysis of waste
rock from the pits (including x-ray diffraction, x-ray fluorescence, leach extraction tests and
acid base accounting) that showed the risk of ARD is low (WGL, 2004).
In addition to the studies conducted for the Wassa EIS, Golden Star continues annually to
assess the geochemical characteristics of the ore, waste and tailings materials. This
assessment continues to demonstrate the low potential for acid generation.
Air quality
Routine air quality monitoring in the operational area typically takes the form of monthly 24hour assessment of total suspended particulate, particulate matter, depositional dust, nitrogen
oxide and nitrogen dioxide. Prevailing air quality is also monitored at communities nearest to
the operational area. Except during the Harmattan, air quality generally exhibits low levels of
particulates, reflecting the largely rural nature of the area. Sources are mostly anthropogenic,
resulting from domestic activities such as open fire cooking, gardening and human movement.
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Noise and Vibration
Noise monitoring is undertaken routinely at Akyempim and Kubekro, which are the nearest
communities. The available data confirms that the noise emanations are predominantly local
anthropogenic sources, and were not observed to have resulted from activities at Wassa. In
the most recent years of operation, GSWL has demonstrated 100% conformance to the EPA
noise guidelines, in respect of the operations.
Golden Star also conducts monitoring for blast induced noise (air-blast overpressure) and
ground vibration. Of the over 196 blasts conducted in 2014, on all but one occasion, the peak
particle velocity (mm/s) measured at the community locations, conformed with the Minerals
and Mining (Explosives) Regulations, 2012 (LI 2177) limit of 2 mm/s. Given the depth, and
smaller scale of the blasts expected for underground mine development and stoping,
underground blasting is not expected to result in any significant impact to the communities
near the operations.
Biodiversity
The Wassa expansion project infrastructure and operations will occur entirely within the
existing Wassa Main pits excavations and previously compensated areas, so it is unlikely that
any further impact to flora and fauna will result from the new project.
The concession is in the transitional area between moist, semi-deciduous forest and wet
rainforest zones. Prior to mining, during baseline studies in 1996, the natural vegetation was
observed to be degraded by earlier logging and farming activities. It comprised broken forest,
secondary forest and upland regrowth, and valley bottom swamps. No endangered plant
species were recorded in the field surveys (SGS 1996).
More recent studies observed extensive subsistence farming occurs in the concession area;
with crops planted in cleared areas or under forest canopy in area of cleared understory
vegetation. A small number of individuals of now globally conservation-significant species
were found in the TSF 2 footprint, most notably the endangered Tieghemella heckelii
(Baku/Cherry Mahogany), but the vegetation is only considered to be of local ecological
significance.
Tieghemella heckelii and eight other vulnerable forest timber species have experienced a
change in conservation status since the time of the baseline typically owing to overexploitation
for timber products and clearing of land (IUCN Red List, 2012). Three of the IUCN species of
conservation significance have been included in GSR revegetation programs for some time,
with over 800 individuals propagated and 270 planted in 2011 alone. Following consultation
and advice of the Forestry Services Division, GSWL in 2013 incorporated the endangered
Tieghemella heckelii and a further four species of conservation significance into the
operations revegetation programs, with an expected net benefit to the conservation of these
species.
There are two forest reserves in the vicinity of the Wassa operational area; the Bonsa River
Forest Reserve and the Subri River Forest Reserve. The Benso site is located approximately
17 km to the west of the southern portion of the Subri River Forest Reserve, with
approximately 12 km of the Hwini Butre Benso access road traversing the Subri River Forest
Reserve. The most important portion of the Subri River Forest Reserve, namely a Globally
Significant Biodiversity Area (GSBA), is not impacted by the Hwini Butre Benso access road.
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The Subri River Forest Reserve covers an area of approximately 590 km . It is an actively
managed reserve and is currently being logged on a 40-year cycle. Approximately 2,590 ha of
the reserve is being used for silvicultural research. The reserve forms part of the watershed
between the Bonsa and Pra Rivers and is traversed by their tributaries, resulting in extensive
areas of swampy vegetation.
No animal faunal species of conservation significance were identified in the baseline studies
undertaken in 1996 and subsequent surveys undertaken as part of impact assessments for
new projects. The exception is one individual Phataginus tricuspis (African White-bellied
Pangolin), classified as near-threatened on the IUCN Red List, which was recorded in
remnant secondary forest in the footprint area of TSF 2, as recorded in the TSF 2 EIS
(Geosystems 2013). The species is nocturnal and is known to adapt to some degree of
habitat modification; the 290 ha TSF 2 footprint was largely disturbed by cultivation.
Targeted aquatic ecology studies also conducted for the 2012 TSF 2 EIS found that most of
the drainage paths have limited ecological value and are highly degraded by farming activities
(Geosystems 2013).

19.3.2 Social setting
Administrative Setting, Nearest Settlements and Land Ownership
The Wassa Mine is in a rural setting, there are no major urban settlements within 30 km of the
operations. It is in the Wassa East District (previously in the Mpohor Wassa East District) of
the Western Region of Ghana, 62 km north of the district capital of Daboase and 40 km east
of Bogoso. Cape Coast is approximately 90 km to the south.
The villages nearest the mine are listed below. The villages of Akyempim, Akyempim New
Site (formally Akosombo that was resettled by the company) and Kubekro are the closest
communities to the Wassa operational site. The Togbekrom community was resettled to
create space for construction of TSF 2.
Table 19-5:

Overview of Local Communities

Community

Divisional Area

Akyempim
Akosombo
Kubekro
Nsadweso
Togbekrom

Mamponso
Mamponso
Anyinabrem
Anyinabrem
Anyinabrem

Estimated* population (SGS
1996)
2,500
N/A
300
2,400
NM

Population (WEDA 2013)
2,533
166
335
1,541
674

NM= not measured in survey, * = as estimated by traditional leaders

The District Assembly is the supreme organ charged with the administration and supervision
of the district development activities and the District Chief Executive is the most senior
government official.
The project is located within the Wassa Fiase Traditional Area, with its Paramountcy at
Tarkwa. Within the traditional structure, the Paramount Chief (Omanhene) is the head and
exercises traditional control over the divisional and sub-divisional chiefs (Adikro) of
communities (traditional towns and villages).
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The 1992 Constitution of Ghana provides for three categories of land ownership or land
holding: customary (stool/skin) lands (78 %); state lands (or public land) (20 %); and vested
lands (or public land) (2 %). Customary lands are managed by traditional authorities in
accordance with customary laws. The State exerts considerable control over the
administration of customary lands. Access to land is available only under leasehold.
As the lands within the Wassa concession are mineralized, they are state-owned with the
mineral rights granted to GSWL under the Minerals and Mining Act, 703, 2006. The
Constitution of Ghana (1992), State Lands Act (1962), Minerals and Mining Act 703 (2006),
Minerals and Mining (Compensation and Resettlement) Regulations (2012), Mining and
Environmental Guidelines, Environmental Protection Agency Act 490 (1994) and
Environmental Assessment Regulations (1999) each have provisions pertaining to land
access, including land acquisition, land and farm compensation and resettlement.
All land affected by the planned expansion activities are traditionally in the ownership of the
Mamponso Stool of the Wassa Fiase Traditional Area. The relationship between the
Divisional Stool Chiefs and the inhabitants is based on tenancy. The tenants typically pay
annual rent by means of a portion of their annual crop returns.
Land Use, Livelihoods, Health and Education
The Wassa Mining Lease (LVB 87618/94) area is 5,289 ha and, as at December 2014,
approximately 512 ha of disturbance had occurred in the area from GSWL activities. GSWL
has, however, provided compensation for a total of 1,293.63 ha for land disturbed by
infrastructure development (including TSF 2) and operational activities and for buffer areas
2

Prior to development of the mine, the main land use in the 58 km concession area was found
to be farming. Cocoa was the main crop. Other major crops cultivated in the concession were
oil palm, maize, intercropped with cassava, and plantain. In addition, there were compound
farms surrounding villages and hamlets with crops such as coconut, cocoyam, avocado pear,
citrus, mango, maize and cassava in mixtures. There were no commercial plantations within
the concession and commercial logging was almost entirely restricted to the portion of the
Subri River Forest Reserve.
Most people were found to be dependent upon crop farming for their livelihood. Crop farming
was also the principle source of employment. Farming in the concession was dominated by
migrant farmers from other regions of Ghana, using land owned by indigenous families on a
leasehold basis.
Livelihoods of people in district are still based on agriculture and about two thirds of
economically active people are employed in the agricultural sector. About one quarter of
people are employed in the mining/ quarrying, manufacturing and wholesale/retail sectors.
In the district, more than half of the homes are constructed from mud/earth. Roofing materials
are generally metal sheet. In the district, most people obtain water for drinking and domestic
from boreholes or rivers/streams. About one fifth of households obtain water from pipes
outside dwellings and public stand pipes. Less than half of the households in the region use
mains electricity for lighting and most use wood or charcoal for cooking. Most households
use public toilets or pit latrines. Most households also do not have access to formal waste
disposal facilities, much waste is dumped in public open space and liquid wastes are
generally disposed of in compounds/street or gutters.
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About a third of the population over 12 years of age own mobile phones and very few
households have landline telephones.
Malaria is a common illness experienced by the catchment communities, and remains a
serious public health concern nationally. It is regarded as a leading cause of morbidity and
mortality, especially among pregnant women and children under five years (NDPC & UNDP
2010). Other common ailments in the area are respiratory tract infections and diarrhoea.
Literacy levels in the Western Region were 58.2 % in 2008, with a bias toward males (68 %),
and remained largely unchanged. Attendance of primary and middle/ junior school is higher
in the district that in the region and in 2010 only 25% of people in the district over 11 years
were not literate. In recent years there has been an increase in female attendance at the
primary and junior school levels, but about 10% less females than males complete school
(NDPC & UNDP 2010).

19.4 Environmental and Social Management
19.4.1 Golden Star Corporate Commitment
GSR has policies pertaining to the environment, community relations and human rights, and
health, safety, and wellbeing. In support of the company policies, GSR demonstrates its
management commitment through provision of appropriate and dedicated specialist human
resources in the disciplines of environment, safety, health, community affairs and
resettlement. In 2014, GSWL employed 70 dedicated personnel in the disciplines of
environment, communities, safety, health, and security, representing over 10 % of the total
employees. Environmental expenditure in 2014 represented over 2 % of total operating
expenditure.
GSR supports achievement of its corporate policies by providing training and development for
its workforce with over 44 000 personnel hours committed to personal development training at
the Wassa operations in 2014.

19.4.2 Social Investment
Golden Star Development Foundation
The primary vehicle for GSR’s social investments is the community-led Golden Star
Development Foundation, which is funded annually with US$ 1/oz Au produced and 0.1% of
pre-tax profit. Under the foundation umbrella, GSWL works with local Community Mine
Consultative Committees (“CMCC”), government bodies, and third-party non-governmental
organisations (among others) to strategize and implement a variety of community
development projects and programs.
In 2014, GSR contributed over US$ 0.26 M to the foundation, bringing contributions to date to
over US$ 2.9 m. The foundation carried out a wide array of projects in 2014, with costs
totalling US$ 0.19 m.
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Golden Star Oil Palm Plantation
Golden Star Oil Palm Plantation (“GSOPP”) is a community-based oil palm plantation
company established in 2006 as a non-profit subsidiary of GSR. The program adopts the
small-holder concept of sustainable agribusiness, which addresses environmental, food
access, and community concerns. Initially, development is sponsored by GSR as part of its
local economic development program. The plantations are later able to become selfsupporting and the small-holder farmers pay back the start-up loans to GSOPP to allow for
further development. GSR commits US$ 1/oz Au produced to the program, resulting in over
US$ 4.9 M in funding as at year end 2014. To date, GSOPP has established 823 ha of
plantations and 100 ha of out-grower plantations. In 2014, GSOPP produced and sold over
7 500 tonnes of oil palm fruit. In 2015, it is planned to commence a 50 ha expansion of the
Wassa plantation area.
Capacity Building and Livelihoods Enhancement
Employment, particularly for the youth continues to be of the foremost concern to GSR’s
catchment communities. Education and training initiatives are extended to our community outreach programs, with a view of imparting lasting educational benefits to stakeholder
communities.
The Golden Star Skills Training and Employability Program (“GSSTEP”) provides training to
young people in practical and technical skills in sectors unrelated to mining, contributing to the
diversification of the local economy’s employment base. This program has also been
integrated into many of the negotiated resettlement agreements that conform to the IFC
Performance Standard 5 on involuntary resettlement.
Inaugurated in 2009, as at the end of 2014, seven GSSTEP programs had been run,
providing skills training to 84 masonry, 102 commercial cookery, 54 carpentry, 43 mobile
phone repairs, 38 building electrical, 57 beads and jewellery making, 29 hair dressing, 22
local fabric bags and sandal making, and 94 other trainees.
In 2013, under the umbrella of GSSTEP, GSWL initiated a pilot community youth
apprenticeship program (“CYAP”), which offered selected local residents a one year
attachment within the company. The pilot project enrolled 44 young people from 15 catchment
communities in disciplines ranging from welding and drill rig maintenance, to fixed plant,
heavy equipment, and pump operations. As a result of CYAP, local graduates will be better
positioned to fill skilled employment vacancies within the company to further boost local hiring.
GSR also provides scholarships for needy students attending secondary school. Since 2008,
the company has provided scholarships for over 700 children. A further 3,000 registered
dependents of employees are also supported through educational subsidies on an annual
basis.

19.4.3 Corporate Responsibility
In accordance with its commitment to the UN Global Compact, GSR supports and respects
internationally proclaimed human rights within their sphere of influence. As per GSR’s policy
on Community Relations and Human Rights, GSR works to create a culture that makes the
protection of human rights an integral part of the short and long-term operations, including the
performance management systems.
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In 2011, GSR began preliminary work for conducting a human rights desk top review in
conjunction with its top five suppliers. This work progressed through 2014, with results
reported to the GSR Sustainability Committee. This will help to further ensure that GSR is not
complicit in any human rights abuses – directly or indirectly.
Building on training covering human rights matters for our Human Resources personnel – and
later our wider workforce – GSR developed a similar program covering matters related to
harassment and discrimination awareness and prevention.
In 2011, GSR began implementing a number of major safety risk management programs to
further embed safety management into its operations. These programs were further
embedded into our operations including:
•

GSR’s Safety Risk Management Program, which includes: embedding of the GSR safety
risk matrix; provision of safety risk assessment and job hazard analysis training; conduct
of facilitated multi-disciplinary safety risk assessment workshops; and development of
site safety risk registers;

•

Provision of upgraded fire response equipment, including fire tenders stationed at each
operation, and additional fire response training; and

•

Implementation of additional controls for driver speed management across our
operations, including: fitting of GPS vehicle trackers, use of speed alert
cameras/signage, and stringent disciplinary outcomes for the failure to adhere to rules.

GSR is dedicated to engaging in accurate, transparent, and timely two-way consultation with
local stakeholders in order to communicate on the business, and address the needs of local
partners. Regular dialogue with stakeholders – including but not limited to public meetings,
open houses, and sensitization forums – is central to understanding key issues and concerns
related to the operations, and, in turn, helps to realize sustainable solutions suitable to the
stakeholders.
GSR assumed the role as a catalyst for sustainable economic development in the
communities in which operations are situated. Doing so enhances relationships with partners
by maximizing the benefits that accrue to the stakeholder communities. Accordingly, GSR
makes regular investments in local communities that go beyond traditional philanthropy,
namely by adopting a strategic approach to social investment. This helps to create lasting,
meaningful benefits for local communities and contributes to a positive long-term legacy
surrounding the operations.
In the area of security and human rights, in 2014, GSR commenced a program of training and
awareness with its security personnel, and military personnel, in the Voluntary Principles on
Security and Human Rights. As at the end of 2014 over 740 security personnel had ascribed
to the principles through this program. In 2015 it is intended that this program will continue,
and will ultimately form a standard part of induction for new personnel to the security team.
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19.4.4 Environmental and Social Management System
For existing operations, environmental management is addressed through an Environmental
and Social Management System (“EMS”) developed along the lines of an ISO 14001 EMS.
This allows the operation to provide a program addressing the legal and corporate needs for
monitoring and reporting. The EMP and the associated Environmental Certificate provide
legal framework for GSWL environmental management, whilst EIS and associated
Environmental Permits, provide the legal framework for project developments.
Community management at GSWL is carried out by the Environment and Social
Responsibility Department. GSWL has established a series of Community Mine Consultative
Committees (“CMCCs”) within the local stakeholder communities. An Apex CMCC collects the
recommendations and then makes them to the corporate and company entities (such as the
Golden Star Development Foundation) on behalf of the three functional areas (Wassa, Hwini
Butre and Benso). This aims to ensure that full representation across the GSWL operations
occurs without interference from GSWL.
The CMCCs are responsible for selecting development projects and assisting the operations
understanding of community concerns and needs. Development opportunities for the
stakeholder communities are funded by the Golden Star Development Foundation, and
through direct mine-funding.

19.4.5 Status of the Wassa Expansion Project EIS
The environmental and social impact assessment process for the Wassa expansion project is
advancing as scheduled, with field studies for collection of existing environmental conditions
well advance. With these data, and the finalisation of the project description (as defined by the
Feasibility Study) the impact assessment team will develop the impact prediction models to
guide definition of mitigations to be implemented for the project. Upon conclusion of these
impact assessments, the draft EIS will be documented for submission to regulatory agencies.
It is expected that the draft EIS will be submitted to regulatory agencies in early Q4 2015 As
the EIS was not completed at the time of finalising the FS report, SRK was not able to
comment on the quality of the report and how it will be received by the EPA. However given
GSR’s experience in environmental and social impact assessments for other projects, SRK
thinks that it is reasonable to assume that the EIA report will meet the Ghanaian
environmental requirements.

19.4.6 Status of Land Acquisition for the Wassa Expansion Project
GSWL has, wherever possible, sought to minimize or avoid the displacement of people or
assets. As intended by the national regulations, and Golden Star’s commitment to the IFC
PS 5, GSWL has incorporated a number of project design features to prevent or minimize
potentially adverse impacts on the surrounding local communities and assets. Where land
used for farming or habitation (whole or partial) will be required, GSWL will adhere to all the
applicable laws governing land acquisition and compensation, specifically through application
of the GSWL Farm Compensation and Land Acquisition procedures.
A substantial crop compensation program has been carried out over the Wassa project area.
To date compensation has been paid for crops covering some 1,293.63 ha (including the
Hwini Butre Benso haul road).
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Preliminary project impact assessments have not identified any aspects of the expansion
project that are expected to result in physical and / or economic displacement of people and
property. The expansion infrastructure will be largely located within the existing Wassa
operational area, and the waste dump expansion will only require some 36 ha of ‘greenfields’
land take from an area previously maintained as an operational buffer area. Spatial data
review has confirmed that the buffer area has been previous compensated. Any further
compensation associated with the project will be carried out in accordance with the
aforementioned GSR procedures

19.4.7 Status of the Wassa Expansion Project Stakeholder Engagement
GSWL has a stakeholder engagement plan and supporting framework framework including
grievance systems. Additionally there are project-specific engagement plans for the Wassa
underground exploration project, and the Wassa expansion project.
Catchment Communities
Consultation with stakeholder communities, including traditional and elected leaders, on the
potential for an underground mining operation, and associated exploration activities
commenced in October 2014.
Meetings were held with the Divisional Chief and elders of Mampongso, the chief and elders
of Akymepim, chief and elders of Kubekro, and the chief and elders of Nsadweso.
Key aspects raised / of interest to the communities included:
•

Underground and open pit mining to occur concurrently;

•

Support for the company, the project, and the potential to sustain the company and also
help develop the catchment communities;

•

Location of the underground mining relative to the community; and

•

Employment opportunities and local employment policy.

GSWL has given an undertaking to the traditional leaders, to provide an orientation visit to the
underground exploration project once it is underway.
Wassa East District Assembly
The Assembly expressed interest in the communities’ responses on the sensitization and
minutes of the consultation meetings were provided to the District Assembly.
The District Chief Executive welcomed the contents of the presentation, and at a full meeting
of the Executive Committee of the Assembly provided a letter of consent for the exploration
project to GSWL.
Regulator Consultations
In October and November 2014, GSWL undertook a program of consultation with officials of
the EPA, Minerals Commission, and Mines Inspectorate Division, in regards to the planned
underground exploration program and potential Wassa expansion project.
The 2015-2016 exploration program was registered with the EPA in September 2014. The
EPA subsequently invoiced for the Environmental Permit (EPA/ME/139/10) in December
2014, and it was paid in January 2015.
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An application for the underground exploration was made to the Minerals Commission in
November 2014, and in December 2014, the Minerals Commission Inspectorate Division
advised GSWL to contact the Division for the Issuance of an Operating Permit. This has since
been issued to GSWL in the names of the competent persons under the Minerals and Mining
Regulations (Permit No. 0010073/15)..
Future Consultation
Consultation with stakeholder communities, traditional and elected leaders, and regulators
forms an integral component of the project environmental and socioeconomic impact
assessment process. GSWL has a dedicated team of community consultation professionals,
and will be supported by specialist resources of the impact assessment consultant.
Stakeholder consultation follows a typical pattern reflecting the stages of evolution of the
project knowledge and permitting. Initial consultations will occur to sensitise the community to
the expansion project, and gain relevant information for the documentation for the Project
Environmental Scoping Report.
To support the impact assessment processes, GSWL in 2014 engaged a specialist social
consultancy to collect updated socioeconomic data for the catchment communities.
Using the existing consultation structures of the CMCC and Community Consultation
Committees (“CCC”), GSWL will provide updates on the evolution of the project to
complement other study specific consultations that will be carried out with the community.
The consultations being carried out throughout the impact assessment phase will enable
GSWL to understand the relative importance of the Valued Socioeconomic Components
(“VSEC”) potentially affected by the project, and identify project designs to avoid or minimize
impacts to the VSEC’s whilst maximising benefits.
Following the completion of the impact assessment studies, a draft EIS will be developed. Key
aspects of this document will be communicated to the communities by GSWL and the impact
assessment consultant prior to lodgement with the EPA.
The EPA will commence a statutory public exhibition phase for the draft EIS, and depending
upon the feedback received, may determine to hold a public hearing for the project.
Following the receipt of feedback, and if necessary, the public hearing, GSWL will be advised
of aspects to be addressed by the Final EIS. This will then be lodged with the EPA for
permitting, and would typically incorporate a Comments and Response document, to
demonstrate how the company has addressed the feedback that it has received on the
project, and to demonstrate how GSWL proposes to minimize negative impacts, and
maximize positive benefits arising from the project.
Throughout the processes of consultation with the catchment communities, parallel
consultation processes will be carried out with key regulators including the EPA, Minerals
Commission, Mines Inspectorate and the Water Resources Commission. As the project is not
expected to impact upon Forest Reserves, a lower level of consultation will occur with the
Forestry Commission to sensitise them to the project.
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Grievance Mechanism
GSWL maintains a grievance mechanism enabling catchment communities to document
concerns and grievances for investigation / action. The mechanism is well publicised by
GSWL and used actively by the community and other stakeholders. Details of registered
grievances and their resolution are recorded and reported internally and to the regulators.

19.5 Environmental and Social Issues
This section highlights environmental and social issues that could affect the project permitting,
operations or maintenance of approvals, issues that are of concern to local stakeholder
communities and/or issues with management costs that may affect the value of the assets.
Environmental and social impacts that can be managed readily without remarkable cost are
not discussed here.

19.5.1 Community Expectations and Sensitivities
Employment
The main socioeconomic concern for most stakeholders is employment. The local community
around the Wassa operation see working at the mine as one a preferred occupation. The
extension of the mine life with the development of the underground mine is expected to
receive local support. Employment levels for the Wassa underground mine have yet to be
developed; however, community expectations will be managed via the normal community
consultative methods.
Although GSR is unable to employ all the people seeking work, there is a local hiring policy in
place that provides affirmative action for the employment of local stakeholder communities. All
vacant positions are advertised locally first and then nationally. Local people are used
exclusively for unskilled positions, and as much as possible for all other positions within the
operation. The project will draw most of its required workforce from within the Western
Region. The Wassa operation has started a local training program along the lines of an
apprenticeship where people from the local community are offered the opportunity to train in
work areas where the mine may need workers in the future. These programs are
complemented by an array of other alternative livelihoods initiatives.
Access to land, noise and blasting effects
Other community concerns include access to land, and noise and blasting effects. Given the
underground operations will be on a small scale when compared to the current open pit
operations, the cumulative impacts of the operations are expected to remain in the order of
present operations. The EIA studies will incorporate predictive modelling for air, noise and
blasting impacts, to confirm the required controls for application at the ‘combined’ operations.
The land requirement for the project should be limited and largely restricted to brownfields
areas in the vicinity of the existing infrastructure.
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19.5.2 Resettlement and compensation
No physical and economic displacement is anticipated for the Wassa project as expansion
infrastructure will be largely located within the existing Wassa operational area. The 36 ha of
‘greenfields’ land required for the waste dump expansion has been confirmed as already
compensated. Should any further compensation be required; e.g. for buffer areas, or road
diversion; this will be undertaken in accordance with applicable laws, and in accordance with
GSWL Farm Compensation and Land Acquisition procedures (Section 19.4.6).

19.5.3 Unauthorized Small Scale Mining
Galamsey is the local name for unauthorized small-scale mining. It is often associated with
environmental degradation, safety hazards, and general community and social concerns.
GSR has reported that galamsey in the area of the project has little potential to affect the
operations. The main project site is well secured, with other infrastructure located between the
Wassa main pits complex and the nearest community. In general, the removal of
unauthorised persons from the wider project area has posed no difficulty, with persons
moving on as requested. As the underground mine will start within the current open pit,
unauthorized small scale mining is not expected to adversely affect the project.

19.5.4 Process Water Balance and Discharges to the Environment
The water management at the GSWL site has been such that discharges to the receiving
environment from the tailings storage facility have not been required since 2010. The Wassa
operation has an approved detoxification plant to treat cyanide in supernatant waters that is
available should a discharge be required. However, the water balance model for the current
configuration of the site indicates that under normal conditions discharges should not be
required. The current detoxification plant will be upgraded with the construction of the new
tailings storage facility (TSF 2).
Normal mining operations continue with the operational requirement for the installation of
sumps and the removal of rainfall and groundwater that enters the mining areas. The
management of this water is to pump the water to sedimentation structures and then release
the water to the receiving environment. This is carried out in compliance with the permits. To
improve the overall management of surface run-off from the mining areas, five sedimentation
structures were constructed in 2012. These are primarily to remove suspended solids from
the run-off water that may be elevated during storm events.
The dewatering water abstracted from the underground operations will be treated for off-site
release, as required, via the existing systems of treatment and discharge. The natural stream
and creek systems contain seasonal flood flows, and whilst it is not anticipated that the
additional dewatering will result in a significant modification in flow regimes, this will be
assessed by the project impact assessment studies.

19.5.5 Geochemistry
Studies undertaken to date indicate that ore and waste rock have low potential for acid
generation (Section 19.3.1). The project EIA studies will specifically address the potential for
acid and mineralised drainage associated with the project. As exploration drilling has
confirmed a continuation of existing lithologies, weathering and alteration, it is not expected
that geochemical controls for the project will significantly differ from those that are currently
apparent.
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19.5.6 Legacy Issues
When GSR (through GSWL) took over the Wexford operation, the heap leach area was
already disturbed (now largely encompassed by TSF 1) and most of the infrastructure was in
place. The development of the CIL processing plant and the incorporation of the tailings into
the former heap leach area allowed the reuse of brownfields sites for subsequent
infrastructure development. The establishment of the Reclamation Security Agreement and
associated bond with the EPA addresses security for reclamation and closure. There are no
other legacy issues associated with the GSWL site.

19.6 Closure Planning and Cost Estimate
As explained in Section 19.1.2, an Environmental Permit, and approval of a Mining Operating
Plan will need to be obtained for the Wassa project. The EIS submitted to the EPA to obtain
the Environmental Permit will have to contain a provisional closure plan and cost estimate.
The Mining Operating Plan will also contain details relating to closure and reclamation.
The project surface expression is expected to be limited as most of the project features are
confined to the existing operational area. The proposed expansion of the Wassa waste
dumps is likely to largely occupy brownfields (specifically, the footprint of the now backfilled
SAK 1 pit), with minimal new land take. The additional infrastructure required for the project is
minimal.
The rehabilitation and closure of the existing operations (e.g. processing plant, tailings
storage facility, transportation corridor) are covered under existing GSWL Asset Retirement
Obligations (“ARO”). The closure plan for the existing operation is given in the EMP. Both
LoM and ARO closure costs have been estimated for the mine and are updated on a regular
basis. In 2014, ARO costs for the existing operations were estimated to be US$18.9 m
(including P&G and contingencies).
For the Wassa project, a closure cost estimate will be prepared in the next stage of project
planning and will be based on the following principles:
•

No allowance for scrap value.

•

Progressive closure will be integrated with on-going operations.

•

Costs will be based on a mix of current contractor rates and work being undertaken
directly by the operation.

•

No provision for ongoing treatment of water. The underground mine will be allowed to
flood to the natural level, which is the current closure plan for the Wassa main pit.

•

Community post-closure issues will not be included.

GSR expects the EPA to request either a reclamation bond for the project or a modification to
the existing GSWL reclamation bond through the Reclamation Security Agreement.
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CAPITAL AND OPERATING COSTS (ITEM 21)

20.1 Introduction
Capital and operating costs have been estimated in US$ real terms and are valid as at the
effective date of this report. A variety of sources have been used as described in the
following sub sections.

20.2 Capital Costs
Capital costs have been derived principally from planned equipment requirements and
estimates for major infrastructure. The mining equipment capital includes purchase of start-up
and replacement fleet over the life of mine. Costs of major capital items are sourced from
Original Equipment Manufacturers (“OEM”) and for minor items both supplier quotes and SRK
in-house cost database have been used. The capital cost estimate includes closure costs.
Total capital has been estimated at US$189.4m (Table 20-1). Project capital for the U/G
project is estimated at US$72.5m over the LoM. The process plant requires U$62.8m in
project and sustaining capital for the mine life. The US$28.6m of planned open pit capital
costs include the residual disposal value of the mining fleet in 2024 and mainly comprise the
cost of replacing the mining fleet.
U/G operating costs incurred up to June 2016 inclusive are capitalised (included in the U/G
project capital) and are estimated at US$15m offset by revenue from U/G during this period of
US$4m. Closure costs are estimated at US$19m.
Table 20-1:

Wassa Capital Cost Breakdown

Capital Costs

LoM Cost (US$m)

Underground mining
Mining Fleet
Ventilation
Dewatering Pumps
Surface Infrastructure
Safety
Others

36.59
4.76
0.78
16.31
0.90
2.70

U/G Development Capital

10.46

Underground Total

72.51

General and Administration
Open Pit Mining
Processing
Total
Contingency (only on UG excl. mining fleet)
Total Including Contingency
Closure
Grand Total
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20.2.1 Underground Mining Fleet
A total of US$36.6m is estimated for underground mobile mining fleet purchases which
include US$3m as sunk costs; this includes both the initial purchase plus replacements at 4
years of age for the new fleet items and three years of age for the used fleet.
The initial fleet required for the underground operation is presented in Table 20-2. The
equipment numbers have been worked up from detailed calculations for each machine based
on the mining schedule and expected engine hours. New fleet costs were sourced from OEM
in Ghana.
Table 20-2:

Underground Mobile Fleet Capital Purchases

Mining fleet

No

Unit Price (US$)

Truck, CAT AD55B (Used)

1

1,020,142

1,020,142

Truck, CAT AD55B (New)

9

1,370,300

12,332,700

LHD CAT 2900 (Used)

1

1,020,142

1,020,142

LHD CAT 2900 (New)

8

1,356,285

10,850,280

Development Drill Axera 7-260 (Used)

2

506,638

1,013,277

Development Drill DD421

2

1,599,863

3,199,726

Tool Carrier CAT 930K

6

273,000

1,638,002

Longhole Drill DL411 (Sandvik)

2

1,192,620

2,385,241

Road Grader (Cat 12H, Used)

1

173,543

173,543

Normet Charmec 6605 B

2

325,620

651,240

CAT 966 FEL

2

484,785

969,570

20

55,000

1,100,000

1

240,000

Toyota Landcruiser (Light Vehicle)
Used Fleet Delivery Cost
Total Mining Fleet Cost

Total (US$)

240,000
36,593,862

20.2.2 Ventilation
The estimated capital cost of ventilation items is of US$4.8m. This includes US$3.5m for
purchase of new primary fan in the Q2 2019, as shown in Table 20-3.
Table 20-3:

Breakdown of Ventilation cost

Ventilation
2 Portal Fans (2x90 kw)
Protan Ducting for Initial Decline
Decline Driving Fans after Primary #1 Set-up Established (2x55 kW)
Secondary Footwall Fans (1 x 55 kW)
Ore-Drive Fans (1 x 30 kW)
Primary Fan for Exhaust #1
Primary Fan for Exhaust #2
Total Ventilation Cost

Unit Price (US$)
121,678
35,881
37,072
24,647
23,500
100,000
3,500,000

Total (US$)
139,930
41,263
74,145
295,770
610,997
100,000
3,500,000
4,762,105

SRK notes that on-going ventilation ducting purchase is included in the development direct
operating costs.

20.2.3 Pumping and Dewatering
A total of US$785k has been estimated for dewatering pumps. The following is a summary of
pumping and dewatering capital costs for the Wassa underground operation.
•

US$350k for main pump station installation in Q2 2019;

•

US$226k for mobile mono pumps; and

•

US$209k for the submersible pumps.
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SRK notes that piping costs are captured in the development directs as a US$/m advance.
These include:
•

150 mm Schedule 40 glavanised pipe for primary dewatering;

•

110 mm HDPE piping in the ramp, access, footwall and ore drives; and

•

50 mm HDPE in the auxiliary development headings.

20.2.4 Surface Infrastructure
A total of US$16.3m is estimated as capital expenditure for surface infrastructure. This
includes US$3m for construction of the ventilation raise, US$5m for CRF facility and US$3.4m
for installation of the surface electrical system. Table 20-4 shows capital cost breakdown of
surface infrastructure. The total cost includes cost of freight and applicable duties.
Table 20-4:

Surface Infrastructure Cost Breakdown

Surface Infrastructure

Unit Price (UD$)

Total (US$)

25,000

25,000

Portal Support
Portal Sets

26,183

32,492

Surface Electrical System: Phase 1

3,003,958

3,003,958

Surface Electrical System: Phase 2

400,000

400,000

2 x 2MVA Diesel Generators

255,000

277,750

Diesel tanks for Generators

100,000

100,000

Underground Electrical System

634,725

2,627,735

Mine Communications System

119,784

198,371

Workshop/Offices/Mine Dry/Training-Safety Room etc.

1,200,000

1,200,000

Starter Pit Dewatering System

86,000

86,000

Mine Water Settler Facility

30,000

30,000

Mine Service Water System

15,000

15,000

Portal Compressors

99,324

99,324

4,750,820

4,988,361

250,000

250,000

CRF Crushing, Cement Storage and Mixing Facility
Workshop fit-out
Raisebore for Final Ventilation Raise

2,974,509

2,974,509

-

16,308,500

Total Surface Infrastructure Cost

20.2.5 Safety
A total of US$897k has been estimated for safety related capital expenditure. Major safety
cost items include:
•

US$300k for a 16 man mobile refuge chamber;

•

US$165k for BG4 units required for the mine rescue team; and

•

US$160k for development of the mine safety systems at start-up.

20.2.6 Miscellaneous
A total of US$ 2.7m has been estimated for miscellaneous underground capital cost. Major
components of this are feasibility study cost of US$0.75m and project permitting cost
of US$0.88m. Table 20-5 shows the breakdown of miscellaneous capital cost over the LoM.
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Miscellaneous Underground Cost Breakdown

Cost Items

Unit Price ($)

Total ($)

-

81,376

-

76,215

Start-up Ground Support
Start-up Mine Services
Start-up Drill Consumables

44,490

44,490

Mining Survey Equipment

80,000

174,300

250,000

250,000

Mine Technical Hardware and Software
Personnel Recruitment Cost
Cavity Monitoring System for Stoping
FS Study Costs
Project Permitting Costs

-

100,000

80,000

160,000

-

750,000

876,000

876,000

Drill Bit Sharpner

40,000

40,000

IT Work and Charge Baskets

80,000

94,500

Grout Mixer and Pump

40,000

40,000

Fan Cradle for LHD
Miscellaneous Total

8,395

14,065

-

2,700,946

20.2.7 General and Administration
A total of US$23m has been estimated for general administrative cost for Wassa Mine, which
includes US$18.9m of total closure cost starting from Q1 2023 until the end of LoM.
Table 20-6:

General and Administration Cost Breakdown

Cost Items

Total Cost ($)

Togbekrom Livelihood Restoration, Enhancement and Economic Development

924,298

Awunakrom Resettlement Livelihood Restoration Programme

670,000

TSF 2 EIS Update, Permit Renewal & On-going Monitoring

360,000

Ateiku Mitigation Projects

195,000

Wassa Exploration Development Drilling

1,049,106

Huni Butre Development Drilling

435,644

Benso Subriso_Amantin Development Drilling

88,416

Communication Equipment

342,330

Closure

18,900,000

General and Administration Total

22,964,794

20.2.8 Open Pit
A total of US$29.4m is included for open pit mining fleet purchase. The fleet items and costs
for open pit operation are as per Table 20-7. The equipment numbers have been worked up
from detailed calculations for each machine based on production schedule and expected
equipment operating hours.
Table 20-7:

Open Pit Mobile Fleet Capital Purchases

Mining fleet

Unit Price ($)

Total ($)

Excavators, Liebherr 984

1,200,000

2,400,000

Trucks, CAT 777

1,550,000

20,150,000

Drills, Sandvik DP1500i

580,000

1,740,000

Graders, CAT 14M

560,000

1,680,000

Dozers, CAT D9

850,000

Total Mining Fleet Cost

3,400,000
29,370,000

A total of US$3.8m is estimated for open pit sustaining capital. This is for capital items
replacement such as pumps, light vehicles, lighting towers etc.
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The residual value of open pit mining fleet is estimated at US$4.6m. This is based on 80% of
the value of the remaining frame hour life. Taking this into account the net overall capital cost
for the open pit is US$28.6m.

20.2.9 Processing
A total of US$62.8m has been estimated as capital cost for processing which includes
US$43m towards the extension of TSF1 and the construction of TSF2 (Stage 1-6). Table 20-8
shows the capital cost break down for processing. This also includes capital costs for the
process operation of US$4.7m, and process maintenance costs of US$10.3m over the LoM.
The total capital expenditure on both TSF is around US$43m. The process operation costs
cover items relating to infrastructure around the plant such as laboratory and ancillary
equipment. The process maintenance costs are mainly sustaining expenditure for items inside
the plant buildings.
Table 20-8:

Processing Cost Breakdown

Processing Costs
TSF
Sustainability (HSE) & ICMC Works
Wassa Plant Improvement Project (2015)
Reinforcing of CIL Tank Top Ring
Mills 1&2 Insurance Spare Pinion Assy & Components
Ball Mill Gearbox Replacement
Power Equipment Upgrade
Tramp steel magnet for feed belt
Process Operations
Process sustaining capital
Processing Total

Unit Price (US$)
450,000
-

Total (US$)
43,017,000
75,000
2,487,628
320,000
100,000
370,000
1,000,000
450,000
4,735,000
10,286,000
62,840,628

20.3 Operating Costs
The underground operating costs have been derived from first principles whereas open pit
mining, processing and general and administrative (“G&A”) costs are based on current site
operating actuals and forecasts. The unit costs for underground operating cost drivers are
based on Ghanaian costs for consumables and labour and calculated from first principles.
The periodic operating costs have been calculated by combining the unit costs with the
development and production schedules.
Whereas the underground operating costs have been derived from first principles, open pit
mining, processing and G&A costs are based on current site operating actuals and forecasts
Some unit cost drivers, like equipment maintenance costs, have been derived from SRK’s
database of actual costs from operations and modified where appropriate to the conditions
anticipated for the Wassa underground mine. Labour costs have been derived from
information supplied by GSR. Fuel costs are based on the mine’s current diesel cost of
US$1.25/litre.
The Wassa Mining operating costs have been broken down into the following categories:
•

underground costs:

•

labour;

•

equipment operating costs (per engine hour, drill metre or per month);

•

direct costs (ground support, explosives, services);
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•

ower;

•

open pit unit costs:

•

mining costs;

•

stock re-handling costs;

•

shared costs:

•

G&A Costs; and

•

processing costs.

Table 20-9 shows operating cost breakdown of Wassa over the LoM. A percentage
breakdown of operating costs over the life of mine and annual operating cost on various cost
heads are given in Figure 20-3 and Figure 20-4 respectively. SRK notes that capitalised
operating costs are included in all of the figures presented in this section.
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Wassa Operating Cost Breakdown
LoM Cost ($M)

LoM Cost
($/t milled)

18.97

0.79

LHD

14.36

0.60

Trucking

15.88

0.66

Jumbo drilling

6.86

0.28

Longhole Drill

10.32

0.43

Auxiliary Fleet

14.02

0.58

Total Mining Fleet Running Cost

61.44

2.55

4.89

0.20

16.79

0.70

Operating Cost
Underground
Direct Cost
Equipment Operating Cost

Infill Drilling
Power
Labour

80.03

3.32

Backfill Plant Operating (Directs)

41.15

1.71

Underground Miscellaneous

10.68

0.44

233.96

9.71

Sub-Total Underground Cost
Contingency

23.40

0.97

257.35

10.68

327.17

13.58

4.68

0.19

Total Open Pit Cost

331.85

13.78

Processing

423.96

17.60

Total Underground Cost including contingency
Open Pit
Open Pit Mining
Stockpile Re-handling

General and Administration
Total
Capitalized Operating Cost
Grand Total
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Figure 20-3:

LoM operating cost breakdown
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20.3.1 Underground Costs
The total underground operating costs are US$257.4m including 10% general contingency
and US$15.1m of capitalised operating cost. In unit terms this is US$47.33/t of underground
ROM, including the capitalised operating cost.
Underground Direct Costs
Development and production directs are the true variable costs directly related to the metres
of advance or stope tonnes blasted. These were built-up from first principles and the key
costs captured in this category are:
•

ground support;

•

explosives;

•

mine services (electrical cables, service piping, ventilation ducting, face assaying);

•

road base; and

•

face assaying.

These equate to US$19m or, in unit terms, US$3.49/t ore. The total direct costs are presented
in Table 20-10.
Table 20-10:

Life of Mine Operating Cost for Development Directs

Direct Operating Costs
Ramp Access (5.8 mH x 5.5 mW)
Trucking Size Accesses (5.8 mH x 5.5 mW)
Auxiliary Heading (4.5 mH x 4.5 mW)
Other Development (various sizes)
Ore Drive - Longitudinal (4.5mH x 5 mW)
Ore Drive - transverse (4.5mH x 5.5 mH)
Ventilation Drop Raise (4 m x 4 m)
LHOS (explosives only)
Total Direct Cost

Unit
US$
US$
US$
US$
US$
US$
US$
US$
US$

Costs
2,064,994
2,858,167
2,723,126
1,345,817
2,103,759
2,903,871
303,036
4,670,044
18,972,815

Equipment Operating Costs
SRK has derived equipment operating costs from first principles. For the main cost
contributors such as the trucks, LHD and drills, their costs are built up per engine hour or drill
metre. Engine hour requirements are derived from the mining schedule combined with the
equipment’s productivities depending on its planned tasks.
A total underground fleet operating cost is estimated at US$61.4m over life of mine or 24% of
the total underground operating cost (US$257m). This equates to US$11.30/t of ore mined
underground (and processed). Table 20-11 presents a summary of underground fleet
operating costs over the LoM.
Table 20-11:

Underground Fleet Operating Cost

Underground Fleet
LHD - Cat R2900G
Truck - Cat AD55B
Twin Boom Jumbo - Axera7 (Sandvik)
Longhole Drill - Sandvik DL411-7
Auxillary Fleet
Total Mining Fleet Operating Cost
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For other fleet items whose requirements are not directly related to schedule physicals, their
costs have still been calculated from first principles but have a set number of engine hours per
period which drives their costs. The key fleet cost drivers are summarised in Table 20-12.
Table 20-12:

Mining Operating Cost Drivers

Equipment
Trucks
Cat AD55B
Loaders
Cat R2900G
Jumbos
Twin Boom Jumbo - Axera 7 (Sandvik)
Longhole Drill
Sandvik DL411-7
Auxiliary equipment fleet
CAT 930K
Normet Charmec 6605 B
Cat 12H
Light vehicles
FEL - 966

Units

Operating Cost

US$/engine hour

117.0

US$/engine hour

148.6

US$/drill metre

3.5

US$/drill metre

12.9

US$/engine hour
US$/engine hour
US$/engine hour
US$/engine hour
US$/engine hour

39.8
33.1
57.2
15.9
47.8

Infill Drilling
Infill drilling for detailed stope design is planned to be carried out by both GSR and
contractors. The cost of drilling is assumed as US$120/m and US$200/m for GSR operated
and contractor operated drilling, respectively. GSR plans to use a LM90 drill which it owns
and has been drilling underground previously at Prestea. The total cost of infill drilling is
estimated to be US$ 4.9m over the LoM.
Power
Electrical power is another significant cost to the Wassa underground mine and is
summarised in Table 20-13. The main ventilation fan constitutes 74% of the total of
US$16.8m LoM electrical operating cost. This cost equates to around 7% of the total
underground operating cost or US$3.09/t of ore processed. SRK assumes grid power will be
available from August 2015 at a cost of US$0.16/kWh, up to this point diesel generators will
be used for electric power at a cost of US$0.45/kWh. The power consumption has been builtup in the cost model on the schedule of all electrical loads. The labour and other general
consumables are included in the labour and miscellaneous costs respectively.
Table 20-13:

Life of Mine Power Cost

Power Cost Items
Mining Drilling (development and production drills)
Vent fans - Portal
Vent fans - Secondary
Primary Fan 1
Primary Fan 2
Dewatering pumps
Compressors
Exploration drills
Office/workshops
Backfill plant
Total Power Cost

U6238 GSR 43-101_2015 Wassa FS_Report FINAL.docx
Page 272 of 294

Unit
US$
US$
US$
US$
US$
US$
US$
US$
US$
US$
US$

Costs
456,701.85
460,468.80
7,918,151.04
1,419,042.24
3,058,824.38
2,080,442.88
755,677.30
253,725.30
186,393.60
204,768.00
16,794,195.39

May 2015

SRK Consulting

Wassa FS –Main Report

Labour
The Wassa underground mine labour requirements are based on equipment fleet numbers
and the mining schedule with added allowances for leave, sickness and absenteeism. The
labour schedule built-up in cost model includes manpower for mining operation, maintenance
and all technical disciplines related to the underground mining operation.
The labour costs are inclusive of overheads and were provided by GSR and are based on
what is currently being paid to cover medical, housing, bonuses, schooling and other social
costs. This burden is 2.75 for Ghanaian workers and 2.1 for expatriate workers.
SRK notes that labour costs are 31% of the mine operating costs (excluding royalties) at
US$80m or US$14.72/t of ore processed over the LoM.
Expatriate workers have been planned to man key managerial and operational areas. This is
to ensure high productivity and smooth operation of the key mining activities. The total labour
costs are presented in Table 20-14.
Table 20-14:

Wassa Underground Labour Costs

Area

Unit

Mining operation

US$

Cost
42,615,719

Maintenance

US$

26,164,317

Mining Technical

US$

11,254,860

Total Labour Cost

US$

80,034,896

Equipment Operating Cost
A total underground fleet operating cost is estimated at US$61.4m over the LoM, 24% of the
total underground operating cost. This results in a unit cost of US$11.3/t of ore mined
underground
Primary fleet (trucks, LHD, drills) costs have been calculated on a cost per engine hour or drill
metre basis. This calculation takes into account equipment productivities.
Backfill Plant Operation
A total backfill direct operating cost of US$41m is estimated for Wassa underground mine
which 16% of the total underground operating cost. Table 20-13 shows breakdown of backfill
plant operating costs. SRK notes that the costs presented above exclude the fleet costs
associated with underground placement. The fleet costs are part of the overall mobile fleet
operating costs.
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Backfill Plant Operations Costs

Backfill Plant Operations (Directs)

Unit

Cost

Backfill crushing
Backfill Load and Haul
CRF admixture costs
Backfil plant maintenance
Backfill (surface) operations labour
Cement
Total Backfill Plant Operating (Directs) Cost

US$
US$
US$
US$
US$
US$
US$

6,832,291
1,639,750
2,798,333
1,233,333
2,312,500
26,330,464
41,146,672

Cement content in the cemented backfill is costed to be 10% cement addition by weight. SRK
considers this to be a conservative estimate based on the backfill testwork completed for the
FS. Further testwork is expected to reduce this figure. The LoM cement cost is estimated at
US$26.3m or US$4.48/t of ore. A cement cost of US$173.42/t was supplied by GSR for bulk
delivery from GhaCem.
Miscellaneous
A total miscellaneous cost for Wassa underground mine is estimated to be US$10.6m. This
includes trucking of ore to the plant which is US$6.5m or 61% of the total miscellaneous
costs. Table 20-16 shows breakdown of various miscellaneous costs over the life of mine.
Table 20-16:

Miscellaneous Operating Costs

Miscellaneous Underground Costs
Trucking Ore to Plant by Open Pit Fleet
Miner Consumables (tools, bags, PPE)
Fan Maintenance - Primary
Fan Maintenance - Secondary
Mobile Pumps - Maintenance
Main Pump - Maintenance
Fixed Plant Maintenance (compressors, leaky feeder, workshops, offices)
Tech Services Equip cost
Total Miscellaneous Underground Costs

Unit
US$
US$
US$
US$
US$
US$
US$
US$
US$

Costs
6,524,368
975,000
338,000
110,400
817,470
660,000
776,000
483,500
10,684,738

Contingency
SRK has added 10% to the operating costs to all underground cost estimates as a
contingency to allow for minor omissions and accuracy of cost estimates.
Summary
A summary of the underground operating cost in terms of tonnes produced from the
underground operation is presented in Table 20-17.
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Wassa Underground Project Cost Summary

Operating Cost

LoM Cost ($M)

LoM Cost
($/U/G t processed)

Underground
Direct Cost

18.97

3.49

LHD

14.36

2.64

Trucking

15.88

2.92

Jumbo drilling

6.86

1.26

Longhole Drill

10.32

1.90

Auxiliary Fleet

14.02

2.58

Total Mining Fleet Running Cost

61.44

11.30

4.89

0.90

Equipment Operating Cost

Infill Drilling
Power

16.79

3.09

Labour

80.03

14.72

Backfill Plant Operating (Directs)

41.15

7.57

Underground Miscellaneous

10.68

1.97

233.96

43.03

23.40

4.30

257.35

47.33

Sub-Total Underground Cost
Contingency
Total Underground Cost including contingency

20.3.2 Open Pit Costs
The open pit unit costs for Wassa mine have been derived from actual cost data from the
existing open pit operation. The unit cost drivers for open pit are mining cost per tonne of
material moved and stock re-handling cost per tonne of material re-handled.
Mining
A total of US$3.20/t of material moved has been applied as the unit mining cost. SRK has
analysed the historical mining movement and mining costs since January 2013. Since
January 2014, the mining movement rates at Wassa have approached those in the FS
schedule (1.2 Mtpm). The 2014 year to date actual unit mining cost (up to September 2014)
is US$3.16/t material moved (Table 20-18) and for the periods with the highest material
movement (January-May), the mining cost is US$3.03/t moved.
Given the proposed fleet renewal, SRK considers that, at the planned mining rates, US$3.20/t
of material moved is an appropriate open pit mining cost per tonne. Figure 20-5 shows
historical open pit mining costs of Wassa.
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Figure 20-5:

Historical open pit mining costs

Table 20-18:

Mining Cost Breakdown from January to September 2014

Material Moved
Mining Costs
Mining Service
Drill & Blast
Load & Haul
Water & Dust Management
Fleet Operation
Fleet Maintenance
Total
Cost per tonne moved

Unit
t

Value
9,532,611

% of Total Cost

US$
US$
US$
US$
US$
US$
US$
US$/t

6,346,559
4,317,818
476,557
10,234
8,046,902
10,954,228
30,152,298
3.16

21%
14 %
2%
0%
27 %
36 %
100 %

20.3.3 Stockpile Re-handling
A stockpile re-handling cost of US$1.05/t of material moved has been assumed and has been
applied to all materials moved from ore stockpile to process plant such as high grade stock,
low grade stock and sub grade stock.

20.3.4 Shared Costs
The processing and general administration costs are shared by both underground and open
pit operation in the financial model for the Wassa Project.
Processing
SRK has applied a figure of US$17.60/t of ore as processing cost. This is based on an SRK
review of the current operating costs for the process plant from 2011 to 2014. The total LoM
processing costs are US$424m or 37% of the total operating costs. Table 20-19 shows
historic processing costs breakdown from 2011 to 2014.
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Historic Processing Costs
Year

Throughput
Ounces produced

Unit

2011

2012

2013

2014

t

2,579,430

2,507,172

2,695,285

2,629,029

oz

160,616

160,917

183,789

112,836

US$

1,941,663

2,535,425

2,736,327

2,789,354

Grinding Media

US$

3,064,128

3,029,714

5,167,745

4,424,733

Mill Liners

US$

589,748

776,352

1,411,113

516,829

Cyanide

US$

4,525,174

4,804,457

3,430,379

3,866,981

US$

540,417

693,534

757,755

732,533

US$

403,045

446,718

459,051

447,621
368,183

Labour
Consumables

Lime
Hydrogen
Peroxide
Activated Carbon

US$

355,136

425,324

424,422

Caustic Soda

US$

330,727

352,473

330,504

249,205

Hydrochloric Acid
Fuel - Gold
Recovery
Other reagents
and consumables
Mobile Equipment
Sub Total
Consumables
Maintenance Labour,
Parts and Spares
Analytical Laboratory

US$

190,245

234,272

180,785

157,912

US$

1,304,286

1,324,817

1,949,783

1,807,328

US$

1,877,746

1,526,478

1,311,272

1,324,485

US$

252,101

416,660

594,704

453,910

Electricity
Other Processing
Costs
Total Processing
Costs
Unit Processing Cost

US$

10,220,370

10,157,776

13,083,117

11,999,985

US$

1,184,532

858,458

447,473

2,458,869

US$

39,806,503

42,621,240

46,832,168

45,115,707

US$/t

15.43

17.00

17.38

17.16

Unit Processing Cost

US$/oz

247.84

264.86

254.82

399.83

US$

2,384,538

1,960,832

2,053,192

1,613,547

US$

15,565,190

15,574,971

17,476,001

15,509,357

US$

10,642,647

13,077,950

12,494,546

11,904,232

General and Administration
The total G&A costs over the life of mine are US$129.8m, which is 11% of the total life of
mine operating cost. The G&A cost have been based on actual costs incurred in 2014. Total
G&A costs for 2014 are US$14.27m and presented in
Table 20-20. An average G&A cost of US$5.39/t of ore processed has been calculated, based
on a process rate of 2.65 Mtpa of ore. The historical share (50%) of Wassa mine of the Accra
office costs of US$1.19m or US$0.45/t of ore processed has been added in the financial
model. The total G&A cost including Accra office cost is US$5.84/t of ore of processed.
Recovered costs are the costs allocated to mining and processing activity and forms part of
unit cost of mining and processing respectively.
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Table 20-20:

Actual G&A Cost of the Year 2014

Cost Centre

Total Cost

*Recovered Cost
(-1,570,703)

Net G&A Cost

Security

US$

2,565,482

HR General Admin

US$

1,075,792

1,075,792

994,779

HR Other

US$

456,561

456,561

HR Bussing Contract

US$

2,061,187

(-1,273,084)

788,103

HR Medical

US$

1,295,029

(-799,623)

495,406

HR Messing Costs

US$

996,006

(-615,237)

380,769

HR Camp Housing Other

US$

901,871

(-329,530)

572,341

Light Vehicles

US$

1,260,397

(-619,139)

641,258

Light Trucks

US$

753,928

(-753,928)

Civil Maintenance

US$

633,522

(-231,479)

402,043

(-73,956)

666,166

Community

US$

740,122

General Manager

US$

515,116

Finance

US$

3,558,005

50,828.20

3,608,834

IT

US$

246,601

652,940.38

899,541

Gold Sales

US$

499,935

515,116

499,935

Supply

US$

444,410

24,816.34

469,226

Group Contract

US$

441,723

(-220,861)

220,861

Safety

US$

663,739

Environment

US$

2,965,063

(-2,044,738)

920,325

Total

US$

22,074,488

(-7,803,693)

14,270,794

663,739

Summary
Figure 20-6 provides an annual breakdown of the various components of the operating costs
over the mine life of the Wassa Project.

ANNUAL OPERATING COST
Operating Costs (MUS$)

160
140
120
100
80
60
40
20
-

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

Year
Open Pit Mining

Processing

General Administration

UG Direct

UG Fleet Operation

UG Infill Drilling

UG Power

UG Labour

UG Backfill Plant Direct

UG Miscellaneous

Stock rehandling

Figure 20-6:

Annual operating cost
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ECONOMIC ANALYSIS (ITEM 22)

21.1 Introduction
For the FS economic analysis SRK has constructed an independent technical economic
model (“TEM”), described below. The TEM reflects capital and operating expenditures and
revenues from the 1 January 2015 to 31 December 2025. Project capital that has been
committed to date has been included, and an opening assessed loss has been provided by
GSR. In addition, the TEM:
•

Is expressed in real terms. This means un-inflated United States Dollars (US$) with no
allowances for inflation or escalation on capital or operating costs, inputs or revenues;

•

Is presented as January 2015 money terms for Net Present Value (NPV) calculation
purposes;

•

Applies a discount rate of 5%;

•

Is based on US$1,200 /oz Au assumed by SRK;

•

Is expressed in post-tax and pre-financing terms which assumes 100 % equity;

•

Applies a corporate tax rate of 35%;

•

Applies tax depreciation allowances of 20 % for plant, machinery, vehicles and industrial
buildings. SRK estimates that additional capital investment to be depreciated throughout
life is around US$194m (Note US$4.7m capitalised revenue not included for
depreciation), allowable depreciation and amortisation is US$283 m including US$89 m
historical capital allowances;

•

Incorporates a 5% royalty on selling price of gold. The total royalty to be paid throughout
the life of the mine is estimated at US$ 88m with an average of US$ 9.8m per annum.

•

Has no historic assessed tax losses carried forward;

•

Does not apply Value Added Taxation (“VAT”). This assumes that the net effect of VAT
on the project will be zero;

•

Has capital investment that is depreciated on an annual fixed percentage basis as per
the fiscal regime of Ghana. It has been assumed that all capital items have been fully
depreciated and at the end of the mine life there is no terminal value to consider;

•

Was developed using the schedule generated for the underground mining in MineSched.
The underground schedule was based on the time required to access the deposit using
an access ramp from one of the existing open pits;

•

Applies processing and G&A costs based upon historical costs and technical parameters
supplied by GSR and reviewed by SRK; and

•

Allows a sensitivity analysis to be undertaken.

Table 21-3 below summarises the life of mine financial parameters and presents some life of
mine totals for the various cost centres.
In respect of the commodity price, SRK has assumed a gold price of US$1,200/oz. The Base
Case scenario is assumed to be a real terms gold price profile US$1,200 /oz over the mine
life. The LoM plan assumes that overall production from both underground and open pit
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sources will average a monthly rate of around 220 ktpm. Over the life of mine based on the
current Indicated Mineral Resource, it is planned to produce 1,470 koz of gold and will
generate US$ 1,764 m in gross revenue.

21.2 Results
Figure 21-1 provides a view of project cashflow over the life of mine. Included in the graph is
capital and operating expenditure plus revenue and tax. Table 21-1 and Table 21-4 present
summaries of the results of the financial modelling.
Average cash operating costs for the total Wassa mine (O/P and U/G included) are estimated
to be US$ 850 /oz Au and all-in sustaining costs are US$938 /oz.
Net present values of the cash flows are shown in Table 21-1 using discount rates from zero
to fifteen percent in a post-tax context. SRK notes that at 5% discount rate the post-tax NPV
is US$176 m with a Base Case gold price scenario assumed of US$1,200 /oz. At
US$1,000 /oz Au the NPV5% drops to US$ 13 m and at US$1,400 /oz Au it increases to
US$411 m. As this TEM includes the U/G project in addition to the on-going O/P operation the
IRR on the resultant cashflows are significant due to the limited negative initial cash flow
offset by the O/P cash flows and tax shield. The IRR for the mine at US$1,200 /oz Au is 83%.
Table 21-3 below provides a summary of the key financial parameters from the TEM.
Table 21-1:

NPVs for Base Case Profile (US$1,200/oz)

Discount Rate
NPV (US$m) @ US$1,000/oz Au Price
NPV (US$m) @ US$1,200/oz Au Price
NPV (US$m) @ US$1,400/oz Au Price

0%
38
229
411

5%
13
176
327

8%
2
151
288

10 %
-5
136
265

12 %
-11
124
245

15 %
-18
107
219

The break even gold price assuming a 0% discount rate is US$973 /oz.
Table 21-2:

Breakeven Gold Price
Discount Rate
0%
5%
10 %
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Summary of LoM Financial Parameters

Parameter
Revenue
Operating Costs

Unit
(US$M)
(US$M)

Value
1,760
(1,234)

Operating Profit

(US$M)

525

Tax Liability
Capital Expenditure
Working Capital

(US$M)
(US$M)
(US$M)

(88)
(189)
(19)

Free Cash Flow

(US$M)

229

U/G waste mined
O/P waste mined
U/G ore processed
O/P ore processed
O/P ore processed from stockpile
Total tonnes processed
Grade
Contained Au
Recovered Au
Total underground mining
Total open pit mining
Open pit mining

Total Processing
Total G&A
Total Refining
Contingency
Total Royalty
Total Operating Cost

(kt)
(kt)
(kt)
(kt)
(kt)
(kt)
(g/t)
(koz)
(koz)

1,190
86,331
5,437
17,831
820
24,089
2.04
1,578
1,470

(US$/t U/G processed)
(US$/t O/P processed)
(US$/t moved)

43.03
17.54
3.20

(US$/t total tonnes processed )
(US$/t total tonnes processed )
(US$/t total tonnes processed )
(US$/t total tonnes processed )
(US$/t total tonnes processed )
(US$/t total tonnes processed)

17.79
5.84
0.31
0.97
3.66
51.87

Revenue
Operating Costs

(US$/oz)
(US$/oz)

1,200.00
(849.82)

Operating Profit

(US$/oz)

350.18
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Wassa Base Case Cash Flow Summary

Year
Period - Beginning
Base Case

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6

Year 7

Year 8

Year 9

Year 10

Year 11

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

Units

Total/Ave

Total Waste Development

(m)

19,153

1,096

4,243

4,331

4,012

2,982

2,208

281

0

0

0

0

Total Waste

(kt)

1,190

69

271

262

262

174

137

16

0

0

0

0

Total Ore Drives

(m)

8,957

0

1,415

2,184

2,164

1,695

955

544

0

0

0

0

Low Grade Development Ore Total

(kt)

276

8

55

85

51

40

22

15

0

0

0

0

ROM Development Ore Total

(kt)

399

0

56

84

90

98

50

21

0

0

0

0

Stoping - Total

(kt)

4,762

0

159

510

654

702

726

750

699

536

27

0

U/G RoM Head Grade

(g/t)

5,437

8

270

679

796

839

798

786

699

536

27

0

U/G RoM Head Grade

(g/t)

4

1

3

4

5

6

4

4

4

5

4

0

O/P Waste Tons

(kt)

86,331

11,546

11,763

12,466

12,640

12,370

13,181

9,241

3,125

0

0

0

O/P HG Ore Mined

(kt)

12,209

2,025

1,632

1,546

1,237

1,423

1,162

1,732

1,452

0

0

0

O/P HG Ore Mined Grade

(g/t)

1.73

1.68

1.55

1.77

1.94

1.70

1.77

1.69

1.85

0.00

0.00

0.00

O/P LG Ore Mined

(kt)

3,701

617

801

547

280

535

306

416

199

0

0

0

O/P LG Ore Mined Grade

(g/t)

0.80

0.80

0.79

0.80

0.79

0.80

0.80

0.80

0.81

0.00

0.00

0.00

SG To Mill

(kt)

2,355

0

0

0

0

28

0

37

18

2,074

198

0

SG Mill Feed Grade

(g/t)

0.60

0.00

0.00

0.00

0.00

0.60

0.00

0.60

0.60

0.60

0.60

0.00

Tons Milled

Open Pit Production

Total O/P Tons Moved

(kt)

102,241

14,188

14,196

14,559

14,158

14,328

14,648

11,389

4,775

0

0

0

(tw/to)

5.43

4.37

4.83

5.96

8.33

6.32

8.98

4.30

1.89

0.00

0.00

0.00

Tons Milled

(kt)

24,089

2,650

2,657

2,650

2,650

2,650

2,657

2,650

2,650

2,650

225

0

Grade

(g/t)

2.04

1.47

1.51

2.14

2.53

2.76

2.21

2.22

2.16

1.44

1.00

0.00

Contained Gold

(koz)

1,578

(%)

93.20%

(koz)

Stripping Ratio
Processing

126

129

182

215

235

188

189

184

122

7

0

92.70%

92.79%

93.29%

93.50%

93.50%

93.15%

93.44%

93.10%

92.80%

92.70%

0.00%

1,470

116

120

170

201

220

176

177

171

114

7

0

(US$/oz)

1,200

1,200

1,200

1,200

1,200

1,200

1,200

1,200

1,200

1,200

1,200

0

(US$m)

1,759.7

139.3

139.5

203.8

241.5

263.5

210.7

211.8

205.3

136.3

8.0

0.0

(US$/t Milled U/G)

43.03

676.21

78.46

45.13

47.41

41.60

38.77

36.80

37.36

32.26

27.47

0.00

(US$/t moved)

3.20

3.20

3.20

3.20

3.20

3.20

3.20

3.20

3.20

0.00

0.00

0.00

Total Underground Mining

(US$/t milled U/G & O/P)

9.71

2.09

7.96

11.57

14.23

13.17

11.64

10.91

9.85

6.52

3.32

0.00

Total Open Pit Mining

(US$/t milled U/G & O/P)

13.58

17.13

17.10

17.58

17.10

17.30

17.64

13.75

5.77

0.00

0.00

0.00

Total Processing

(US$/t milled U/G & O/P)

17.79

17.63

17.66

17.63

17.73

17.71

17.84

17.63

17.81

18.44

18.52

0.00

Total G&A

(US$/t milled U/G & O/P)

5.84

5.84

5.84

5.84

5.84

5.84

5.84

5.84

5.84

5.84

5.84

0.00

Total Refining

(US$/t milled U/G & O/P)

0.31

0.22

0.23

0.32

0.38

0.41

0.33

0.33

0.32

0.21

0.15

0.00

Contingency

(US$/t milled U/G & O/P)

0.97

0.21

0.80

1.16

1.42

1.32

1.16

1.09

0.99

0.65

0.33

0.00

Total Royalty

(US$/t milled U/G & O/P)

3.66

2.64

2.71

3.85

4.56

4.97

3.96

4.00

3.87

2.57

1.78

0.00

Total Operating Cost

(US$/t milled U/G & O/P)

51.87

45.76

52.29

57.94

61.27

60.73

58.43

53.55

44.46

34.24

29.95

0.00

Total Underground Mining

(US$/oz U/G & O/P)

159.12

47.56

176.60

180.44

187.42

158.99

176.24

163.80

152.62

152.14

111.87

0.00

Total Open Pit Mining

(US$/oz U/G & O/P)

222.52

390.00

379.22

274.29

225.11

208.82

267.00

206.47

89.32

0.00

0.00

0.00

Total Processing

(US$/oz U/G & O/P)

291.53

401.36

391.79

275.03

233.50

213.69

270.09

264.65

275.87

430.13

623.45

0.00

Total G&A

(US$/oz U/G & O/P)

95.73

133.00

129.60

91.16

76.93

70.52

88.44

87.72

90.50

136.31

196.66

0.00

Total Refining

(US$/oz U/G & O/P)

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

0.00

Contingency

(US$/oz U/G & O/P)

15.91

4.76

17.66

18.04

18.74

15.90

17.62

16.38

15.26

15.21

11.19

0.00

Total Royalty

(US$/oz U/G & O/P)

60.00

60.00

60.00

60.00

60.00

60.00

60.00

60.00

60.00

60.00

60.00

0.00

Total Operating Cost

(US$/oz U/G & O/P)

849.82

1,041.68

1,159.87

903.97

806.71

732.92

884.39

804.02

688.58

798.80

1,008.16

0.00

Total Underground Mining

(US$m)

234.0

5.54

21.16

30.65

37.72

34.91

30.94

28.91

26.11

17.28

0.75

0.00

Total Open Pit Mining

(US$m)

327.2

45.40

45.43

46.59

45.30

45.85

46.87

36.44

15.28

0.00

0.00

0.00

Total Processing

(US$m)

428.6

46.72

46.93

46.71

46.99

46.92

47.42

46.71

47.20

48.86

4.17

0.00

Total G&A

(US$m)

140.7

15.48

15.53

15.48

15.48

15.48

15.53

15.48

15.48

15.48

1.31

0.00

Total Refining

(US$m)

7.4

0.58

0.60

0.85

1.01

1.10

0.88

0.88

0.86

0.57

0.03

0.00

Contingency (On U/G Mining Only)

(US$m)

23.4

0.6

2.1

3.1

3.8

3.5

3.1

2.9

2.6

1.7

0.1

0.00

Total Royalty

(US$m)

88.2

6.98

7.19

10.19

12.08

13.17

10.53

10.59

10.26

6.82

0.40

0.00

Total Operating Costs
Total Operating Cost (Excluding
Capitalised U/G Opex)

(US$m)

1,249.5

121.3

138.9

153.5

162.4

160.9

155.3

141.9

117.8

90.7

6.7

0.0

(US$m)

1,234.3

115.2

129.9

153.5

162.4

160.9

155.3

141.9

117.8

90.7

6.7

0.0

Mining Fleet

(US$m)

36.6

4.4

4.9

4.2

7.1

3.7

5.1

4.5

2.7

0.0

0.0

0.0

Ventillation

(US$m)

4.8

0.2

0.6

0.3

0.2

3.5

0.0

0.0

0.0

0.0

0.0

0.0

Dewatering Pumps

(US$m)

0.8

0.1

0.2

0.1

0.0

0.4

0.0

0.0

0.0

0.0

0.0

0.0

Surface Infrastructure

(US$m)

16.3

5.9

2.0

5.0

0.8

2.6

0.0

0.0

0.0

0.0

0.0

0.0

Safety

(US$m)

0.9

0.7

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

General U/G
U/G Development Capital

(US$m)
(US$m)

2.7
10.5

2.5
5.7

0.2
4.8

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

General and Administration

(US$m)

4.1

2.5

1.1

0.1

0.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Open Pit

(US$m)

28.6

0.8

9.2

9.5

9.3

2.2

2.3

0.0

0.0

0.0

-4.6

0.0

Processing

(US$m)

62.8

10.9

8.8

8.8

4.4

7.3

11.1

7.6

2.7

1.2

0.0

0.0

Contingency - Capital

(US$m)

2.5

0.9

0.3

0.6

0.1

0.6

0.0

0.0

0.0

0.0

0.0

0.0

(%)

7%

6%

4%

10%

10%

10%

0%

0%

0%

0%

0%

0%

Recovery
Recovered Gold
Macro Economics
Gold Price
Revenue
Total Revenue
UNIT OPERATING COSTS, Real
Total Underground Mining
Total Open Pit Mining

OPERATING COSTS, Real

CAPITAL COSTS, Real

Contingency Rate
Closure

(US$m)

18.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

17.4

1.5

0.0

Total Project Capital

(US$m)

189.4

34.7

32.2

28.7

22.1

20.3

18.4

12.1

5.4

18.7

-3.2

0.0

(US$m)

19

0

0

1

0

1

-2

2

4

2

10

0

WORKING CAPITAL, Real
Working Capital
Economics, Real: BASE DATE

01 January 2013

Sales Revenue

(US$m)

1,760

139

139

204

242

263

211

212

205

136

8

0

Operating Costs

(US$m)

1,234

115

130

154

162

161

155

142

118

91

7

0

Operating Profit - EBITDA

(US$m)

525

24

10

50

79

103

55

70

87

46

1

0

Tax Liability

(US$m)

88

0

0

0

4

26

11

17

25

5

0

0

Capital Expenditure

(US$m)

189

35

32

29

22

20

18

12

5

19

-3

0

Working Capital

(US$m)

19

0

0

1

0

1

-2

2

4

2

10

0

Net Free Cash Flow

(US$m)

229

-10

-23

21

53

55

28

38

53

20

-6

0

-10

-33

-12

41

95

123

161

214

235

229

229

Cumulative - since Day 1

(US$m)
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21.2.1 Sensitivity Analysis
The operating and capital cost sensitivity is illustrated in Table 21-5 below. SRK notes that
the Wassa Project is most sensitive to revenue and operating costs.
Table 21-5:

IRR and NPV Sensitivity Analysis

OPEX
SENSITIVITY

NPV 5% (US$m)

REVENUE SENSITIVITY
-20%

-10%

0%

10%

20%

122

213

304

394

484

-10%

55

149

240

331

421

0%

-33

83

176

267

357

10%

-130

8

111

203

294

20%

-227

-89

43

138

229

-20%

CAPEX
SENSITIVITY

NPV 5% (US$m)

REVENUE SENSITIVITY
-20%

-10%

0%

10%

20%

-20%

0

117

209

300

390

-10%

-17

100

192

283

374

0%

-33

83

176

267

357

10%

-50

67

159

250

341

20%

-66

50

143

234

325

-20%

-10%

0%

10%

20%

-20%

336

273

209

144

77

-10%

320

256

192

127

60

0%

304

240

176

111

43

10%

288

224

159

94

27

20%

271

207

143

77

10

CAPEX
SENSITIVITY

NPV 5% (US$m)

OPEX SENSITIVITY

CAPEX
SENSITIVITY

IRR

REVENUE SENSITIVITY
-20%

-10%

0%

10%

20%

-20%

5.0%

47.3%

149.4%

N/A

N/A

-10%

0.2%

38.3%

107.3%

N/A

N/A

0%

0.0%

30.9%

83.3%

N/A

N/A

10%

0.0%

24.5%

67.0%

273.9%

N/A

20%

0.0%

19.0%

54.9%

155.0%

N/A

21.2.2 Payback Period
The project payback is after 3.25 years. The maximum drawdown is US$ 33 m (based on
annual cashflows).
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21.3 Conclusions
Based on the work carried out for this Feasibility Study, SRK concludes the following:
•

The Wassa mine has favourable economics and based on the assumed metal prices is
considered robust in terms of the estimated operating margins and return on investment.
The feasibility study work by SRK indicates an NPV of US$ 176 m using the average
base case gold price of US$ 1 200/oz and a discount rate of 5 %. The payback period is
estimated to be in year 4 (2018) a period of 3.25 years;

•

The economics of the Wassa mine generally show little sensitivity to capital costs. This
can be attributed to the low initial capital required for the U/G project;

•

Average operating costs for the Wassa U/G project have been estimated to be
US$ 43.03 /t ore from U/G. Average operating costs for the Total Wassa mine (O/P and
U/G included) are estimated at US$ 51.87 t milled and US$ 780 /oz Au respectively; and

•

Total Capital has been estimated at US$ 189 m.

21.4 Recommendations
Based on the work carried out for this study, SRK recommends the following:
•

Further investigations are made into the capital costs with detailed quotes and
competitive tenders to verify the FS estimates and confirm lead times for any plant and
equipment that has not already been purchased; and

•

Steps are taken to monitor capital and operating cost expenditure closely during the
Project execution in order to verify the approach to cost estimation undertaken in this
report.
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22 ADJACENT PROPERTIES (ITEM 23)
There is no other relevant data available about adjacent properties.
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OTHER RELEVANT DATA AND INFORMATION (ITEM 24)
There is no other relevant data available about the Wassa Project.
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INTERPRETATION AND CONCLUSIONS (ITEM 25)

24.1 Conclusions
Based on the work carried out for this FS, SRK concludes that there is demonstrated potential
for a profitable combined open pit and underground operation at Wassa.
In SRK’s opinion an underground mine at Wassa is practically achievable and the FS
indicates that a sub-level stoping method will be suitable together with a consolidated fill to
maximize the extraction ratio. A decline access is the most suitable means for accessing the
identified production areas using a trackless haulage for materials handling to surface. The
study also indicates that a production rate of 800 ktpa is achievable.
GSWL has a long history of mining at Wassa and has the required understanding of how to
implement the Wassa Project into their current operations.

24.2 Risks & Uncertainties
GSR has taken a focused and technically disciplined approach to exploration for additional
Mineral Resources and Mineral Reserves and has gathered the necessary data to reduce the
risks and uncertainties associated with mine planning. Taking GSR’s diligence into account
and the work completed for the purposes of this FS the risks appear to be well understood
and low for future development of the Wassa Project.
It should be noted that additional exploration drilling, metallurgical testwork and technical work
is required to understand the full economic potential of the Wassa Project at greater depth.
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RECOMMENDATIONS (ITEM 26)

25.1 Key Recommendations
Based on the work carried out for this FS, SRK recommends that consideration is given to
advancing the Wassa Project to construction stage, using this FS as a basis for development.
Further detailed investigation is required to confirm the following aspects in sufficient detail
during construction:
•

Geology and Mineral Resources

•

Conversion of resources that are currently inferred to an indicated status through
additional infill drilling

•

Infill drilling to facilitate underground stope design

•

Water Management

•

o

Drilling and hydrogeological tests completed to date extend to only 100m below
ground level, whereas the proposed underground development could extend up to
480m below ground level. Further hydrogeological testing of deeper exploration
holes that intercept the planned underground mine development and faults is
required. GSWL has engaged Golder to assist with further hydrogeological testing
of deeper drill holes intersecting the underground deposit. The results of the testing
should be used by Golder to produce revised groundwater inflow estimates for the
EIA;

o

Based on the revised groundwater inflow estimates to be completed by Golder, SRK
strongly recommends that the design and costing of the dewatering system is
reviewed in order to safeguard mine personnel from any groundwater related risks;
and,

o

Complete a suitably detailed water balance covering all aspects related to mining,
processing and tailings.

Open Pit Mining
o

•

•

Evaluate opportunities for productivity improvements Wassa open pit.

Underground Mining
o

Develop an underground mine planning workflow that integrates with open pit
planning for a safe and efficient operation.

o

Develop planning and scheduling parameters for medium and long term planning
based on actual performance.

o

Confirm the mining method approach based on the results of the backfill
performance, test mining, and through more detailed geotechnical analysis
determine the optimal stope dimensions.

Environmental and Social Aspects
o

Focus on keeping existing permits renewed and current with the Ghanaian
regulatory authorities.
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Economic
o

Operating costs need to be monitored to ensure that the realized costs are aligned
to the Feasibility Study objectives and assumptions.

25.2 Cost of Recommendations
Based on the work carried out for this FS, SRK recommends that GSR proceeds with their ongoing construction of the Wassa Underground Project. This FS presents a sound basis for the
approach to mining and technical detail. SRK considers that further investigation during
development and operation is required to confirm the following aspects:
•

optimum stope dimensions and design based on infill drilling from underground infill
drilling costs are included in underground operating costs;

•

properties of cemented rock fill with a view to reducing consumption from that planned –
cost of testwork program is US$70,000;

•

water balance for the underground operation– cost of this work is included in capital
estimate for underground operations under the heading General UG Costs;

•

planning and scheduling parameters for medium and long term planning; these should be
based on actual performance – cost of this work is included under Technical Services
operating costs; and

•

operating costs. These need to be monitored to ensure that the realized costs are aligned
to the Feasibility Study objectives and assumptions– cost included under Technical
Services operating costs.

For and on behalf of SRK Consulting (UK) Limited

Michael Beare CEng
Corporate Consultant (Mining Engineering)
SRK Consulting (UK) Limited
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