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Disclamier 
 

This report, entitled “Implementation study Report RHA Tungsten Project Zimbabwe” dated January 

30, 2015, was prepared by Peacocke Simpson & Associates (Pvt.) Ltd, Appropriate Process 

Technologies (APT), CAE Mining Africa (CAE Mining), Senet (Pty) Ltd, Blonton Management 

Consultants, Ground Water Development Consultants, Constant Chuma Consulting and Bumira 

Environmental Consultants (Bumira) (collectively the Consultants). 

Premier African Minerals Limited has exercised due and customary care in preparing this report but 

has not, save as specifically stated, independently verified information provided by Consultants. 

Premier African Minerals Limited makes no expressed or implied warranties regarding the accuracy 

of the conclusions and the use of this report or any information contained therein shall be at the 

user's sole risk, regardless of any fault or negligence by Premier African Minerals Ltd or that of the 

Consultants. 

Premier African Minerals Limited assumes no liability for any loss from errors, omissions or 

misrepresentation made by others. Any recommendations, opinions or findings stated in this report 

are based on circumstances and facts, as they existed at the time that Premier African Minerals 

Limited and the various Consultants performed the work. Any changes in such circumstances and 

facts on which this report is based may adversely affect any recommendation, opinion or findings 

contained in this report.  
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Summary 
This Technical Report has been prepared by Premier African Minerals Limited (PREM) with 

contributions from Peacocke Simpson & Associates (Pvt.) Ltd, Appropriate Process Technologies 

(APT), CAE Mining Africa (CAE Mining), Senet (Pty) Ltd, Blonton Management Consultants, Ground 

Water Development Consultants, Constant Chuma Consulting and Bumira Environmental 

Consultants (Bumira)  (collectively the Consultants) on behalf of RHA Tungsten (Pvt) Limited which 

holds 100% of the RHA Tungsten project (the Project or RHA). The consultants were commissioned 

to prepare individual reports in line with a Class 2 level of estimate as defined by the AACE cost 

estimate classification system, on the Project located in North-West Zimbabwe. This report presents 

an executive summary of the key findings. Additional detail is presented in the separate consultants’ 

reports which are appended to this document. 

PREM is an international resource company listed on the Alternative Investment Market (AIM) of the 

London Stock Exchange under the symbol “PREM” and holds 49% of RHA Tungsten (Pvt) Limited 

with the remaining 51% held by the National Indigenisation and Economic Empowerment Fund 

(NIEEF).  

Property Description and Location 

The Project is located in the Matabeleland North province of Zimbabwe, about 20 km south-east of 

Hwange and 270 km north of Bulawayo, the provincial capital. The whole country is well connected 

by a network of roads and railways, with links to other countries. The Project covers a 226 ha land 

holding and is located close to other properties owned by PREM in the north-western part of 

Zimbabwe. It is accessible from Bulawayo by means of a tar road, while the railway line running from 

Bulawayo to Hwange is within a 3 km radius. The Project is comprised of 50 Mineral Claim Blocks, 

consisting of 10 (226 ha) owned by RHA and 40 (1574 ha) which are under option. The historic RHA 

mine is on a low ridge of approximately 850 m long and 350 m wide standing about 80 m above its 

surroundings. Evidence of historic mine workings (trenches, pits, pegs, shafts etc.) is visible on the 

ridge and surrounding area. 

History and Ownership 
Intermittent small scale mining has been conducted at RHA and the adjacent Tung mine (which 

Premier has an option to acquire) 5 km away. Between 1931 and 1979 the mines jointly produced 

(metric tonnes unless otherwise stated) 1,247 tonnes of WO3 in wolframite concentrate at a reported 

average concentrate grade of 65% WO3, i.e., approximately 1,919 tonnes of wolframite 

concentrates. 

Du Plessis and Ingram, (2013) reports that previous mine development was almost entirely carried 

out during the 1930s when the mine was developed on 30 m levels from 945 m to 859 m by means 

of horizontal adits into the sides of the ridge, a single vertical shaft down to the 859 m level as well 

as sub shafts on the west and east connecting the 926 m and 859 m levels. Some open pitting also 

occurred on the western part of the deposit. 

During the mid to late 1970s Falconbridge Ltd (which is now part of Xstrata), trading as Blanket 

Mines in Zimbabwe, carried out underground geological mapping and extensive channel sampling on 

the accessible parts of the underground workings, principally on the 926 m, 895 m and 859 m levels. 



. 
Implementation Report – RHA Tungsten Project Page 4 
 
 

  January 2015 

Exploration work was curtailed due to the political and security situation prevailing in the country at 

that time. 

Geology 
The geology of Zimbabwe is dominated by Archean rocks which are overlain, in the northwest, by 

Proterozoic and Phanerozoic metamorphic and sedimentary rocks, in the area of the Project. In this 

area, phyllites, quartzites and gneisses are the dominant rocks. 

The host country-rock comprises high-grade, strongly foliated biotite schists and paragneisses of the 

Tshontanda Formation belonging to the Precambrian Dete Inlier. The formation trends northeast on 

a regional scale, paralleling the trend of the Kamativi Inlier, and dips steeply to the northwest. 

Mineralisation 
In the Project area, the tungsten-bearing rocks occur as sub-vertical parallel lodes and veins that 

occur within an envelope that may be extensive over a strike of approximately ~1 km. 

The lodes have a northeast – southwest strike, parallel to the regional trend of the Kamativi Inlier. 

Tungsten mineralisation occurs in quartz veins and shear zones in a sequence of quartz-tourmaline 

and pelitic (quartz-biotite-garnet) schists that may be intruded by later granitic intrusions. The primary 

tungsten mineral of economic interest is wolframite ((Fe,Mn)WO4). 

Seven lodes were historically recognized at RHA, and were modelled as such by CAE Mining 

previously (Chisonga and Crossingham, 2013). These lodes were numbered, in order from north to 

south, as Lode 1 to Lode 7. These lodes are steeply dipping to the northwest at 80° to 90°. 

Mineral Resource Estimates 
The Mineral Resource estimate for the Project is shown below. The table shows the calculated 

thickness of each Lode at which the tonnes and grade are reported. 

 

Mining and Mineral Inventory  
A process of pit optimization, pit design and production scheduling was completed by CAE Mining 

according to code compliant procedures; however, the mining inventory has not been signed of as a 

code compliant reserve at this stage. The mining inventory on a Run of Mine basis is reported 

as150,228 tonnes of ore at an average grade of 10.24kg/t WO3, with 1,443,508 tonnes of waste to 

be mined.  

Total

Tonnes WO3(kg/t) Thickness Tonnes WO3(kg/t) Thickness Tonnes WO3(kg/t) Thickness Tonnes WO3(kg/t) Thickness
1W 352 346     14.45 3.57 196 072     13.42 3.71 548 418        14.08        3.62         

1E 325 013     7.64 1.98 325 013        7.64          1.98         

1FW 239 760     7.06 6.5 68 613       7.71 5.85 308 373        7.20          6.36         

1FE 155 091     9.02 2.6 155 091        9.02          2.60         

Lode 1 total ‐                592 106     11.46         4.76            744 789     9.46            2.92              1 336 895     10.34        3.73         

2W 206 424       5.78 2.52 394 514     4.76 2.94 24 060       3.97 3.52 624 998        5.07          2.82         

2E 239 287     11.53 1.23 239 287        11.53        1.23         

2HW 113 608       7.86 1.94 247 284     6.62 2.38 78 676       6.13 3.57 439 568        6.85          2.48         

2HE 89 548       11.1 1.25 89 548          11.10        1.25         

Lode 2 total 320 032       6.52              2.31              641 798     5.48            2.72            431 571     10.03         1.79              1 393 401     7.13          2.34         

Total  320 032       6.52              2.31              1 233 904  8.35            3.70            1 176 360  9.67            2.51              2 730 296     8.70          3.02         

InferredIndicatedMeasured
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The key mining parameter used in creating the production schedule was to maintain a process plant 

feed capacity of approximately 8000 tonnes Run of Mine (ROM)/month following a delayed stripping 

strategy. 

Metallurgy and Process 
Peacocke Simpson & Associates (Pvt.) Ltd. performed investigative gravity concentration testwork 

on a 200kg bulk ore sample where after the selected flow sheet was tested on an 800kg pilot run. 

Gravity amenability test work was completed on Lodes 1 and 2 to ensure these target loads would 

be amenable to the same processing methods as outlined by the pilot run. 

The test work concluded that the RHA ore sample, containing about 3.6% WO3, is amenable to 

treatment via crushing and jigging to produce a coarse concentrate assaying about 62.7% WO3 and 

a fines concentrate from grinding, spiral concentration and tabling upon the jig tails assaying 65.7% 

WO3.The combined recovery achieved was 82.8% but it is stated that in practice could be about 

85%.  

The test work further concluded that the ore is also amenable to pre-concentration via jigging at -

25mm, to a product assaying about 28% WO3 at a 20% mass pull for 80% recovery .The rougher 

concentrate would then proceed to downstream processing via the above indicated process. This 

route may offer the means to deal with a larger volume, lower grade ore, or alternatively, increase 

the plant capacity at a reduced recovery.  

Tailings Management 
This design report has been compiled to meet the disposal needs of the Project for a minimum of 8 

months at the given production rate of 8,000 tonnes per month, 64,000 tonnes in total. The capacity 

can be increased to 150,000 tonnes by extending the penstock. This is a temporary storage facility 

that will cover an old and stable, existing deposition containment last used in 1978.  As the 

beneficiation plant does not use any chemicals, and the basin is virtually impervious, the facility base 

will not require lining, and therefore this existing facility can be extended for this short term.   

A permanent facility will be designed and constructed once the mine is in operation and when the 

mine is financially in a position to fund it.  The mine has available 11 hectares of land earmarked for 

this permanent disposal of tailings. 

The study concludes that this site is a good competent site with sufficient area to deposit tailings for 

at least 8 months with potential to increase the capacity for a further 14 months.  Impact on the 

environment, water ways and population is minimal.  The method of construction is based on a 

proven and successful design and is cost efficient. 

General Infrastructure  
The Project’s infrastructure includes general infrastructure (which consists of power and water supply 

and upgrading the access road) as well as supporting infrastructure such as power and water 

reticulation, employee facilities, earthworks and civils and ancillary buildings. 

 The existing employee facilities can accommodate up to 50 people. 
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 Electrical power for the process plant will be self generated using diesel generators while the 

camp will be provided from a 33kV overhead ZESA line.   

 Process make up water will be supplied from the RHA dam, while camp water will be 

supplied from an existing borehole. 

Social and Environment Impact Assessment  
A comprehensive Environmental and Social Impact Assessment (ESIA) has been concluded. This 

report is currently under internal review. The report was carried out by local Zimbabwean consultants 

in order to ensure that the report meets national policy and follows best international environmental 

practise at all times. The local knowledge and expertise of the consultants has ensured that the 

report consist of a comprehensive understanding of all baseline conditions. 

The ESIA report extensively covers the potential and existing environmental impacts with a specific 

focus on the natural, social and economic impacts from both a positive and negative perspective. 

The report includes an in-depth public consultation assessment which was designed to include 

various stakeholders in order to solicit their socio-economic and ecological views, concerns and 

perceived impacts of the Project. 

The internal review should be concluded before the third week of January 2015 and the final 

submission of the ESIA report to the Environmental Agency should be completed no later than the 

end of January 2015. Construction on the Project may commence once the report has been 

submitted. The reviewing process takes no longer than 60 days from the date of submission, final 

approval is expected no later than March 2015.    

Economics 
Capital costs were developed for each scope area based in US dollars (US$). The level of accuracy 

of the estimate is considered at Class 2 according to the AACE guidelines due to the fact that 

approximately 80% of the estimate is based on firm quotations and budget quotes from suppliers. 

These estimates allowed for direct costs only and PREM included an allowance for indirect costs in 

the economic modelling. For the purpose of the Implementation study, pre-production capital is 

defined as any capital spent prior to first production. PREM has successfully negotiated delayed 

payment structures with various contractors to reduce pre-production capital. Any capital spent after 

achieving first production is therefore considered delayed payment or sustaining capital, unless 

otherwise specified.    
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Capital costs for all disciplines are summarized below: 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM 
capital (US$) 

Mining  87,401  59,937   147,338 
Processing  2,169,416  451,904   2 621,320 
Tailings Storage facility  225,242  -   225,242 
General Infrastructure  771,414  762,294   1 533 708 
Owner's Costs  414,369  33,737   448,105 
Subtotal Direct Capital 3,667,841 1,307,871   4,975,713 
Procurement & CM  -  449,382   449 382 
Contingency 92,373  49,536   141,909 
VAT  345,428  -345,428   -  
Insurance  41,011   -  41,011  
Subtotal Indirect Capital 478,812 153,490  632,302 
Capital Expenditures  4,146,653 1,416,361   5,608,015 
Sustaining Capital -  150,625  150,625 

 

The operating costs presented below are extracted from the economic model, which are based on 

the mine schedule. The estimates have been developed from first principles, or are based on firm 

contractor quotes. LoM operating costs are estimated at US$75.60 / tonne of ore processed or 

US$89.14/mtu produced, ex warehouse Beira. The operating costs for all disciplines are summarized 

below: 

Item 
LoM (US$ 000s)

 
Cost - (US$ / mtu) Cost - (US$ / t 

processed) 
Waste Mining 4,705,837 37.0 31.3 
Ore Mining 636,967 5.0 4.2 
Mining Fixed 844,100 6.6 5.6 
Labour  1,966,657 15.4 13.1 
Processing 2,070,141 16.3 13.8 
Tailings 280,544 2.2 1.9 
G&A 543,448 4.3 3.6 
Transport 303,171 2.4 2.0 
Total Operating Cost 11,350,866 89.14 75.6 

 

Price projections of US$325/mtu APT at a 34% discount to APT were used 

The pre-tax economic analysis indicates the following: 

 Net present value for the Project at a 10% discount rate (NPV10) of US$5.4m; 

 Internal rate of return (IRR) of 161%; and 

 A payback period from start of production of 9 months. 
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Implementation 
PREM intends to fast track the Project to production during Q1 and Q2 2015 with an expected plant 

commissioning date in May 2015. PREM will strengthen the Owner’s Team during the construction 

phase. With basic engineering completed, the implementation strategy will predominantly focus on 

construction management, procurement and logistics support. The key milestones are: 

Order placement 

 Mining contractor – 23/01/2015 

 Procurement and Construction Management – 26/01/2015 

 Road upgrade contractor – 04/02/2015 

 Earthworks and Civils – 09/02/2015 

 Tailings construction contractor – 13/02/2015 

Completions 

 Plant fabrication – 06/05/2015 

 Plant commissioning – 27/05/2015 
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 Introduction 1

 Terms of Reference and Purpose of the Report  1.1
Premier African Minerals Limited (PREM), on behalf of RHA Tungsten (Pvt.) Ltd. commissioned 

Peacocke Simpson & Associates (Pvt.) Ltd, Appropriate Process Technologies (APT), CAE Mining 

Africa (CAE Mining), Senet (Pty) Ltd, Blonton Management Consultants, Ground Water Development 

Consultants, Constant Chuma Consulting and Bumira Environmental Consultants (Bumira) 

(collectively the Consultants) to prepare separate technical reports for an Implementation Study 

Report on the Project.  The quality of information and estimates contained herein are consistent with 

the level of effort involved in the Consultant’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 RHA Tungsten (Pvt.) Ltd.    

Although the report is not issued as a code compliant BFS, the work is based on a SAMREC code 

compliant Mineral Resource estimate announced in March 2014 with 90% of the estimates based on 

firm quotations. PREM is therefore of the opinion that the level of accuracy is considered beyond 

BFS level and suitable for implementation.  

 Sources of Information  1.2
PREM relied on others for the following information presented in this report: 

 Peacocke Simpson and Associates (Pvt.) Ltd.: Metallurgical test work and process flow 

design 

 APT: Plant design; 

 CAE Mining: Geology and mineralisation, mineral resource estimate, pit optimization, mine 

design and scheduling;  

 SENET Engineering: General and support infrastructure;  

 Groundwater Development Consultants: Hydrogeological assessment; 

 Constant Chuma: Hydrological assessment; 

 JRG Contracting: Access road upgrade, mining contract cost and earthworks and Civils 

estimates; 

 Blonton Management Consultants: Tailings storage facility; and 

 Bumira Environmental Consultants: Environmental and Social Impact Assessment 

 Effective Date  1.3
The effective date of this report is December 2014. 

 Units of Measure  1.4
The metric system has been used throughout this report.  Tonnes are metric of 1,000 kilograms (kg), 

or 2,204.6 lb.  All currency is in United States dollars (US$) unless otherwise stated.   
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 Property Description and Location 2

 Property Location  2.1
The Project is located in the Matabeleland North province of Zimbabwe, about 20 km south-east of 

Hwange and 270 km north of Bulawayo. . The whole country is well connected by a network of roads 

and railways, with links to other countries. The project covers a 226 ha land holding and is located 

close to other properties owned by PREM in the north-western part of Zimbabwe (Figure 1). It is 

accessible to Bulawayo by means of tar road, while the railway line running from Bulawayo to 

Hwange is within a 3km radius.  

 

Figure 1 Location of RHA and other PREM properties 

 Mining Code and Tenure in Zimbabwe  2.2
The Zimbabwean mining sector is mainly regulated by Acts of Parliament and the boards set up in 

terms thereof. Whilst mining rights are property rights and are therefore protected under the right to 

property in the Bill of Rights of the Constitution of Zimbabwe (as amended 14 September, 2005[up to 

and including Amendment No. 17]), the principle law regulating mining in Zimbabwe is the Mines and 

Minerals Act [Chapter 21:05]). These laws stipulate that the President owns all mineral resources, 

including the rights to search, mine for and dispose of such resources contained within its borders. 

The mining, exploration and exploitation of these resources is however allowable by private 

companies through the granting of a mining claim which in turn gives the holder real rights. 

The authorisation, permit or license to mine any area is granted within the mining claim which is 

issued and governed by the Mines and Minerals Act [Chapter 21:05]). Mining claims are collectively 

referred to as a block of claims, an ordinary claim block consists of 25ha and special claim blocks 

are between 26 and 150ha. The claim confers on the holder the exclusive right to mine the mineral 

resource for which the claim was registered for and to prospect for other minerals on the claim area. 

The holder also has the right to transfer the block of claims into a Mining lease.   
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The claim must be inspected annually and the current fees are set in accordance with the Mining 

(General) (Amendment) Regulations, 2014 (No.18.) 

RHA consists of 225 claims, the first of these claims being pegged as early as 1966. The legal 

tenure of the claims are maintained by working the claims and payment of an annual inspection fee 

in accordance with the fee as set within the Mining (General) (Amendment) Regulations, 2014 

(No.18). The Project consists of 9 Base Metal (BM) mining claims and a water site claim, as 

presented Table 1.  

Table 1: RHA Claims 

 

 

 

 

 

 

2.2.1 Nature and Extent of Issuer’s Interest 

The National Indigenisation and Economic Empowerment Fund (NIEEF) owns 51% of the  Project 

through RHA Tungsten (Pvt) Ltd. in compliance with indigenisation laws in Zimbabwe, with PREM 

being it’s 49% joint venture partner. 

PREM’s relationship with the NIEEF is governed by way of a shareholders’ agreement: 

 Operational and financial management of the Project remains with Premier. 

 The cash waterfall provides for any third party debt to be paid in priority, with 50% of 

earnings after debt repayment being allocated towards further exploration and mine 

development and the outstanding 50% towards shareholder distributions. 

Premier is further committed to supporting local contractors, and to the extent available, will procure 

the requisite goods and services in Zimbabwe. 

The diagram below sets out the ownership structure of the Project. 

RHA, 8536 BM RHA 2, 8537 BM 

RHA 3, 9075 BM RHA 4, 9076 BM 

RHA 5, 9077 BM RHA 6, 9078 BM 

RHA 7, 9079 BM RHA 8, 9080 BM 

RHA 13, 9140 BM Site 615 
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 Royalties, Agreements and Encumbrances  2.3
RHA is a registered mining claim and is operated in accordance with the applicable Acts of 

Parliament and the boards empowered through these Acts. These boards do not stipulate any 

specific royalty, apart from those linked to both duties and taxes. However a 3.5% royalty on all sales 

made on minerals in terms of the Income Tax Act and the Minerals Marketing Corporation of 

Zimbabwe is potentially payable. 

 Environmental Liabilities  2.4
RHA has already completed the ESIA report which is currently being reviewed internally and will be 

submitted by the end of January 2015. The report, through the assistance of Bumira, 

comprehensively evaluates and addresses all aspects required for compliancy from an 

environmental perspective to ensure the proposed mining activities of RHA can commence.  

The assessed environmental liabilities include; land clearance, fire outbreaks, slimes dam runaway, 

surface water management, slope management of tailing dam facility, ground water management, 

water usage, land use, storage/handling/usage of explosives, land subsidence, exploration trenches 

and shafts, underground ventilation and occupational safety. 

The determination of the potential impacts of the mining activities and the potential environmental 

liabilities have been addressed in four phases (planning, construction, operation and non-action), the 

focus within the report on these four phases has been on identifying the positive and negative 

impacts of both current and future activities of the Project. The impacts were assessed in the 

following ways: 

 

Impact Identification 

Those impacts that are unavoidable or irreversible have been identified and emphasised. Description 

of the impacts has been quantified in terms of environmental costs and benefits. This has allowed for 
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the determination of the significant impacts that have been measured against the baseline 

environmental information.   

Residual Impacts 

The impacts that remain after stoppage of the Project have been identified and evaluated 

quantitatively to enable the client to determine future liabilities. Such long-term impacts can include 

groundwater contamination, aquifer dewatering, slope stability of rehabilitated land, land not 

revertible to previous land use, physical infrastructure not demolished and dismantled or transferred. 

Impact Prioritisation 

Impacts have been prioritised on the basis of geographic and temporal scale, risk to human or other 

life, environmental cost, stakeholder concern, legal and strategic issues. 

 Required Permits  2.5
RHA’s implementation is dependent on two fundamental permissions. The first being legal tenure of 

the claims area and the second being the ESIA certificate. The legal tenure over the Project has 

been registered and maintained by RHA since late 2010 and the ESIA certificate is expected by the 

end of March 2015. The physical, biological and social settings of the Project which are abetted by 

the mining methodology envisioned at RHA, allowed for a completed ESIA baseline study that 

strongly suggested that RHA is able to operate in both an environmentally and legally sound manner. 

RHA, through the assistance of Bumira remain confident that the lack of any adverse or 

unmanageable environmental concerns during the course of the ESIA assessment makes the 

Project perfect for harmonizing commercial growth with environmental sustainability. 

Whilst the Environmental Management Agency of Zimbabwe (EMA), continue their review of the 

ESIA report, RHA will begin implementing the various procedural permits which are linked to the time 

schedule of the Project’s implementation schedule for first production. In collaboration with Bumira, 

RHA have identified and put together a procedural registrar in Table 2 which: identifies essential 

permits, the monitoring body, the time line for the application procedure, and date of expected 

approval.   

Table 2: Permits to be obtained  

 PERMIT Approval Body Approval Period Expected date of 

approval 

1.  Slimes Designs and 

Approvals 

EMA Site inspection conducted 

by EMA and a 4-6 week 

application process 

Application to be 

submitted on or before 

20 February, approval 

expected before end of 

March  

2.  Water Abstraction 

Permit 

Gwayi Catchment 

Area, a body of 

Zimbabwe 

National Water 

Existing permit will be 

expanded upon, the 

permission/registration is a 

2-4 week process 

Expansion on Permits is 

two part, an element 

during the EISA 

evaluation and an 

element post ESIA 
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Authority (ZINMA) approval, finality 

expected mid-April 

3.  Borehole Drilling  Gwayi Catchment 

Area 

4-6 week application 

process 

New drilling is not 

expected at this time 

4.  Water Storage ZINWA Require an Environmental 

Management Plan (EMP) 

and internal monitoring 

procedures, that are 

included in the ESIA report, 

provisional on the ESIA 

certificate 

Finality expected mid-

April 

5.  Effluent Discharge  EMA Categorized into different 

categories(which potentially 

effect the time line) in 

accordance with Effluent 

and Solid Waste Disposal 

Regulation 2007, longest 

period is 6 weeks 

Application to be 

submitted on or before 

20 February, approval 

expected before end of 

Early April 

6.  Explosives Storage  Mining 

Commission 

Subject to a site inspection, 

four week application 

process 

Expected by the end of 

February 

7.  Explosives and Permit 

to Transport  

Mining 

Commission 

Already in place with the 

contract miners 

 

8.  Hazardous 

Substances Handling-

Transportation 

EMA and Ministry 

of Transport 

Not initially envisioned, the 

process requires 4 weeks 

and full description of the 

substance 

 

9.  Hazardous 

Substances Storage 

EMA Not initially envisioned, the 

process requires 4 weeks 

and full description of the 

substance 

 

10.  Establishment of a 

First Aid Facility at the 

mine  

EMA Provisions for workplace 

safety are awarded under 

the EMA, regulated through 

The Mining (Management & 

Safety) Regulations S.I 109 

of 1990, The Mining (Health 

& Sanitation) Regulations 

Finality expected mid-

April 
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S.I. 185 of 1995, ESIA 

report will encompasses all 

required health and safety 

regulations.  

Pre-implementation 

facility(temporary) will be 

commissioned during the 

construction phase  

 

 

 

 

 

Mid-February 

11.  Dispensing of Drugs  Medicines Control 

Authority of 

Zimbabwe 

Approval, subject to 

classification of drug, takes 

no longer than 6 weeks 

Expected by End of 

February 

12.  Abstraction of Sand, 

Gravel, Silver Sand 

and Pit Sand 

EMA and Gwayi 

Catchment Area 

Proper procedure to be 

followed for extraction with 

direct engagement with the 

supporting Council 

Initial Permission 

already obtained, 

merely proactive 

engagement with 

Council 

13.  Dust Emission 

(Construction) 

 

 

 

Dust Emission 

(Operational) 

EMA Approval is specifically 

controlled and measured by 

expected levels under Air 

Pollution Control 

Regulation SI 72, 2009 

(measuring equipment is 

fundamental) 

Expected by End of 

February 

 

 

 

Finality expected mid-

April 

14.  Registration of 

Engineers as per 

Engineering Act, June 

2009 Requirements 

The Zimbabwe 

Institution of 

Engineers (ZIE) 

Submitted application form, 

instant registration 

Appointment dependent 

15.  Quarterly Report to 

EMA 

EMA Submitted during 

operations to EMA, 

reporting guidelines are 

established within the ESIA 

During Operations 

16.  Making Safe: 

 Adverts, safety 

signs, 

overhead and 

power lines 

 

EMA, Mining 

Commission and 

Ministry of 

Transport 

 

Process require a 

registration/permission 

application, depending on 

the stakeholder who will be 

 

Whilst on going, most 

aspects expect finality is 

mid-April 
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installations 

notification to 

the Ministry of 

Roads and 

Transport 

 Notification on 

construction of 

road accesses 

to the main 

roads and 

other 

developments 

within 70 

meters on 

either sides 

engaged, the average 

process period is a week 

but the sign making 

process can take up to 

three weeks. 

 

17.  Quittance EMA Provisional on the ESIA 

certificate and constant 

reporting to EMA 

Life of Mine dependent, 

EMP and closure cost is 

provisionally approved 

in mid-April 
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 Accessibility, Climate, Local Resources, 3
Infrastructure and Physiography 

 Topography, Elevation and Vegetation  3.1
The Project, developed by PREM lies between longitude 26⁰37′1″E and 26⁰38′53″E, and latitude 

18⁰29′44″S and 18⁰31′6″S, is situated approximately 20 km south east of Hwange and 270km north 

west of Bulawayo, Zimbabwe. The area lies in the Gwayi-Shangani Catchment Area which is also in 

the middleveld agro-ecological region. The Project occupies a low ridge approximately 850 m long 

and 350 m wide standing about 80 m above its surroundings. 

 Proximity to Population Centre  3.2
There are a number of indigenous communities identified in the areas surrounding RHA but no 

communities reside on the RHA claims areas. Traditional and cultural sites and issues have been 

identified in the process of undertaking the ESIA. The town and communities in the region of RHA 

are all small and quite remote, comprised of people of Nymbia descent. The nearest town is 

Hwange, approximately 20km north east of the mine site.  

 Climate and Length of Operating Season  3.3
The Project area experiences a mild to warm climate. The warmest months are September to March, 

while May to August is the coolest. The dry season occurs in April through October and brings fine, 

fair weather. The wet season happens from November to March and consists of showers in the 

afternoon followed by a clear, sunny sky. It can sometimes lightly shower over days at a time. Winter 

corresponds to the dry season and summer to the wet. Maximum temperatures vary between 25 and 

35º C and minimum temperatutes between 6 and 18º C. 

 Infrastructure Availability and Sources  3.4
The Project has good infrastructure with an electrical power connection from a 33 kV ZESA power 

line. Industrial water is available from the mine dam and domestic water is pumped from a borehole 

on site. Furthermore, the Project has easy access via the main Bulawayo-Victoria Falls tar road and 

23 km of gravel road to the mine which will be upgraded as part of the construction program. The 

Bulawayo- Victoria Falls railway passes approximately 3 km south-west of the mine, the nearest rail 

siding being the Tshontanda Siding, 4.5 km. 

The current infrastructure within the Project area is sufficient to support the construction phase and 

the facilities available at the camp are described as follows: 

 Fully self-contained camp for up to 50 people.  

 Office, lapa, limited storage facilities have been constructed and a good communication 

system (satellite broadband) is available;   

 Water for domestic use is supplied from an established borehole; and 

 Electricity is supplied from a 33kV overhead powerline with sufficient generator back up 

capacity.   
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 History 4

 Prior Ownership and Ownership Changes  4.1
The RHA Mine, precursor to what is now known as the Project, was in production during the early 

part of the 20th century. The production history is well summarised in the Technical Report on the 

RHA Tungsten Project, Hwange District, Zimbabwe (Extract Consultancy, Sept 2013). Based on 

available data, is appears that for almost 100 years, the RHA Mine has gone through different 

owners, from the early 1900s when Bechuanaland Exploration Co. first pegged the property to the 

late 1970s when Falconbridge (Blanket Mines) undertook exploration and mining which consisted of 

detailed underground channel sampling of the developed areas from previous workers and further 

open pit mining of the existing open pit. All work came to a premature end due to security concerns 

and was never re-started in the post-1980 Independence era. 

 Previous Exploration and Development Results  4.2
It was only in the early 2000’s, that the start of exploration using modern exploration methods was 

applied to the Project. In 2008, Arcadia Energy and Mining listed a resource number of 250,000 

tonnes of lode carrying 1.1% WO3 may be present below the 926 m level and above the 846 m level, 

of which 86,000 tonnes may carry 2.2% WO3.  

The most recent exploration activity on the Project was in 2011 with PREM completing a 1,302.02 m 

diamond drilling programme in January 2012, which consisted of five holes (DD002 – DD006) 

inclined at -45 degrees. From this data initial geological models for all the lodes, and a resource 

model for only Lode 2, were generated by Chisonga and Crossingham (2013). 

This resource was updated and extended after a second drilling campaign completed on 18 

December 2013 by PREM with 12 inclined diamond drill holes totalling 1,300.7 m. Geological logging 

and sampling of the mineralised intersections followed thereafter. This, combined with the results of 

the 2012 drilling by PREM, forms the basis of the current resource statement.  

 Previous Mineral Resource and Reserve Estimates  4.3
A maiden resource estimate was declared in July 2013, based on the results of the first drill 

campaign. The resource model was declared only for Lode 2 (Lode 2A and Lode 2B). The estimate 

for Lode 2A, using the drillhole data, is based on a strike length of 300m down to the -750 m level. 

The mineral resource classification for Lode 2A was in the Inferred Resource category. The estimate 

for Lode 2B was based on historical channel sampling data and also went down to the -750 m level, 

although it has been depleted to exclude the mined out portion. The mineral resource classification 

for Lode 2B is in the Indicated Resource category. 

The tonnage and diluted grade for Lode 2A and 2B is summarised in Table 3:  
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Table 3: Resource Statement for Lode 2 at the RHA Tungsten Project (2013)  

Lode 2 
Resource 
Classification 

Volume Tonnes# Density WOз (kg/t) 

2A Inferred 382 200 1 093 000 2.86 8.70 

2B Indicated 51 400 147 000 2.86 4.68 

# Tonnes rounded off 

This resource statement has been superseded by the resource statement announced in March 2014 

which is based on the second drill campaign and which forms the basis of this implementation study 

report. 

4.4 Historic Production  
The production history is well described in the RHA Technical Report, 10 Sept 2013, a summary of 

which is presented below: 

 Late 1890’s: The property is thought to have been pegged originally by the Bechuanaland 

Exploration Co., a subsidiary of the B.S.A. Company, at about the end of the 19th century. 

Little work was done, and the claims went to forfeiture. 

 From 1931 to 1939: St. Swithins Ore and Metal. The claims were re-pegged by R. H. 

Aldworth in 1931. Aldworth and Sauerman commenced cobbing and washing the alluvium, 

but soon sold out to St. Swithins Ores and Metals, Ltd., who were associated with the 

Rhodesia Chrome Mines. 

 1941 to 1946: New Union Company & Mr. Forwell Norbert Erleigh bought the property 

shortly afterwards, and he subsequently tributed the mine to D. G. Forwell, who put up a 

small plant to treat about 1,100 short tons of ore per month. Forwell mainly worked the 

eluvial material in the area, and also mined out ore down to the 2nd level and a high-grade 

block between the 2nd and 3rd levels, developed by the St. Swithins Company. 

 1947(?) to 1957: The mine was then acquired by Mutue Fides Tin Ltd., a subsidiary of New 

Union Gold Fields, and let out on tribute to the Horden brothers. They worked the property 

on a modest scale and indulged in hand cobbing only, as well as the panning of finer 

material (tailings?). They then ceded their tribute to the Tshontanda Mines Syndicate, near 

the end of May, 1957. 

 1957 to 1961:Tshontanda Mines Syndicate. Only old discard dumps of plus 1-inch material 

was worked, no mining operations were attempted, and water for the plant was pumped from 

one of the shafts. 

 By 1961 all the original RHA claims, comprising 12 blocks, had been forfeited. 

 1966 to 1975(?): Bruna Minerals Limited & P Z Goosen. The area covering the old mine was 

re-pegged in 1966 by Bruna Minerals Exploitation and let out on tribute to P. Z. Goosen, who 

subsequently acquired the claims. The Goosen family and Rietfontien Mines continued to 

work the claims for wolframite on a small scale and constructed a dam across a stream to 

the south of the mine, thus assuring a constant water supply. 
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 1975 to 1979: Falconbridge (Blanket Mines) An exploration option was granted to 

Falconbridge (trading as "Blanket Mines") between 1975 and 1976, for sampling, geological 

assessment and based on a survey of the tailings disposal facility (TDF). Falconbridge 

identified a TDF potential target of 51,700 tonnes at a grade of 0.2% WO3 (1,929 ppm WO3). 

 In 1941-1942 the Government Mining Engineer (GME) carried out a sampling and resource 

estimation programme, probably in support of the Government Assistance programme for 

the mine and to assure the Government that sufficient resource existed to justify financial 

support. The GME estimated a resource of 117,659 tons at a weighted grade of about 6.2 

kg/t WO3. This material was available for mining, having been fully developed by St. 

Swithins.  
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 Geological Setting, Mineralisation and Resource 5
Estimate 

Detailed discussions on the geology and resources are presented in Appendix 1 - Updated Mineral 

Resource Report for the RHA Tungsten Project (CAE Mining, September 2014).  

The resource used as the basis of this implementation study is presented in Table 4. 

.
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Table 4: Resource Estimate (2014) 

 

 

 

Lode name

Contained 

WO3 (Mtu)

Volume Tonnes Density WO3(kg/t) Thickness Volume Tonnes Density WO3(kg/t) Thickness Volume Tonnes Density WO3(kg/t) Thickness Volume Tonnes Density WO3(kg/t) Thickness
1W 122 920     352 346     2.87 14.45 3.57 68 620       196 072       2.86 13.42 3.71 191 540  548 418      2.86 14.08        3.62          772 269               

1E 115 497     325 013       2.81 7.64 1.98 115 497  325 013      2.81 7.64          1.98          248 310               

1FW 84 470       239 760     2.84 7.06 6.5 24 148       68 613         2.84 7.71 5.85 108 618  308 373      2.84 7.20          6.36          222 171               

1FE 54 623       155 091       2.84 9.02 2.6 54 623     155 091      2.84 9.02          2.60          139 892               

Lode 1 total ‐               ‐              207 390     592 106     2.86 11.46         4.76            262 888     744 789       2.83 9.46            2.92            470 278  1 336 895   2.84 10.34        3.73          1 382 642            

‐                        

2W 72 505         206 424     2.85 5.78 2.52 138 718     394 514     2.84 4.76 2.94 8 472          24 060         2.84 3.97 3.52 219 695  624 998      2.84 5.07          2.82          316 654               

2E 82 834       239 287       2.89 11.53 1.23 82 834     239 287      2.89 11.53        1.23          275 898               

2HW 39 681         113 608     2.86 7.86 1.94 86 221       247 284     2.87 6.62 2.38 27 361       78 676         2.88 6.13 3.57 153 263  439 568      2.87 6.85          2.48          301 226               

2HE 31 715       89 548         2.82 11.1 1.25 31 715     89 548        2.82 11.10        1.25          99 398                  

Lode 2 total 112 186       320 032     2.85 6.52              2.31             224 939     641 798     2.85 5.48            2.72            150 382     431 571       2.87 10.03         1.79            487 507  1 393 401   2.86 7.13          2.34          993 176               

‐                        

Total  112 186       320 032       2.85 6.52              2.31              432 329       1 233 904    2.85 8.35              3.70              413 270       1 176 360    2.85 9.67              2.51              957 785    2 730 296     2.85 8.70            3.02            2 375 818            

TotalInferredIndicatedMeasured
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 Mining Inventory  6

 Mining inventory 6.1
Detailed discussions of the process and design parameters are presented in Appendix 2 -RHA 

TUNGSTEN, Pit Optimisation, Design and Schedule Report (CAE Mining, Nov 2014). 

A process of pit optimisation, pit design and production scheduling was completed by CAE Mining 

according to SAMREC code compliant procedures; however, the mining inventory has not been 

signed of as a code compliant reserve at this stage. Topographical data used in the design is based 

on an airborne aerial survey with data processing based on photogrammetric methods with suitable 

ground control established to optimise results. 

The mining inventory is presented in Table 5. 

Table 5 Mining Inventory 

Incremental  Pit Design  Optimisation 

Bench  Waste (t)  Ore (t)  Metal (kg)  WO3 (kg/t)  Waste (t)  Ore (t)  Metal (kg)  WO3 (Kg/t) 

975  0  ‐  ‐  0.00  ‐  ‐  ‐  0.00 
970  1 514  ‐  ‐  0.00  ‐  ‐  ‐  0.00 
965  5 430  ‐  ‐  0.00  1 143  ‐  ‐  0.00 
960  28 485  560  2 479  4.43  12 038  560  2 479  4.43 
955  61 190  4 005  13 539  3.38  40 457  2 661  13 136  4.94 
950  121 705  6 840  33 437  4.89  85 321  4 901  31 760  6.48 
945  146 509  9 183  92 567  10.08  121 781  9 815  94 537  9.63 
940  212 864  16 343  180 736  11.06  177 021  16 844  182 124  10.81 
935  219 610  21 023  240 435  11.44  199 083  21 609  242 179  11.21 
930  222 456  20 010  233 185 11.65 184 28 20 667 238 889  11.56
925  167 862  19 440  231 860 11.93 146 785 19 750 238 019  12.05
920  123 697  15 391  196 403  12.76  101 206  15 544  198 016  12.74 
915  66 952  9 552  119 507 12.51 67 588 11 330 144 280  12.73
910  49 634  8 994  113 383 12.61 43 282 8 746 110 372  12.62
905  18 775  7 325  92 568  12.64  24 440  7 437  94 752  12.74 
900  6 184  4 693  63 780  13.59  10 717  4 881  67 294  13.79 
895  ‐  ‐  ‐  0.00  2 618  1 998  30 021  15.03 

Total  1 452 869  143 360  1 613 880  11.26  1 217 760  146 743  1 687 858  11.50 

 

For the purpose of developing the mining inventory, only Measured and Indicated Resources were 

considered.  
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 Mining Operations  7
A process of pit optimisation, pit design and production scheduling was completed by CAE Mining 

according to SAMREC code compliant procedures. The mine plan relies on the resource model 

provided by CAE Mining and is governed by the requirement to achieve a constant production rate of 

8000 tonnes ROM per month using a selective mining open pit approach. 

 Selection of Mining Method  7.1
The development strategy for the Project was developed after a trade off study phase was 

completed which considered various operational strategies to reduce initial upfront capital and 

generate revenue as early as possible. After initial consideration of tailings retreatment and 

accessing the old underground mine workings, early pit optimisation work confirmed that both 

strategic objectives could be achieved by an initial open pit with a life of mine constrained to 18 

months. This produced the lowest capital requirements, fastest ramp up and allowed sufficient time 

to design and implement the underground mine facility.   

 Grade Control 7.2
The grade control philosophy, which will be developed as part of the operational readiness planning, 

will consist of selective drilling, blasting and loading practices using small mechanized equipment.  

 Production Schedule 7.3

7.3.1 Development and Production Schedule 

Due to the small production and short life of mine, the scheduling process for the Project’s open pit 

aimed mainly to keep a constant ore feed to the plant and to have a very tight control of the mine 

strip ratio. It was preferable to have a lower strip ratio in the first months and, if an increased amount 

of waste mining was necessary, the adopted strategy was to delay such stripping event for as long 

as possible. Such a strategy would guarantee the best possible cash flow in the beginning of the 

LOM, which is essential for the operation. 

The production schedule used in the financial modelling is presented in Table 6 and Figure 2. 
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Figure 2: Production Profile 

 

 

Table 6: Production Schedule 

 
DESTINATION  WO3 

PERIODS  Dump  Plant  Stock  Total Rock  Plant/Stock (kg)  Plant/Stock (kg/t) 

Period 1   11 643  ‐  493  12 136  5 267  10.69 
Period 2   16 291  4 233  ‐  20 524  46 319  10.94 
Period 3   44 890  8 001  ‐  52 890  80 849  10.11 
Period 4   73 735  8 001  ‐  81 736  75 170  9.40 
Period 5   76 460  8 001  ‐  84 460  74 682  9.33 
Period 6   76 592  7 868  ‐  84 460  74 863  9.52 
Period 7   73 813  7 922  ‐  81 735  85 933  10.85 
Period 8   78 428  6 032  ‐  84 460  16 476  2.73 
Period 9   73 741  7 994  ‐  81 735  61 706  7.72 
Period 10   76 459  8 001  ‐  84 460  90 916  11.36 
Period 11   76 460  8 001  ‐  84 460  86 638  10.83 
Period 12   71 566  7 445  ‐  79 011  59 904  8.05 
Period 13   76 460  8 001  ‐  84 460  74 394  9.30 
Period 14   73 735  8 001  ‐  81 736  92 238  11.53 
Period 15   76 459  8 001  ‐  84 460  85 682  10.71 
Period 16   77 768  3 967  ‐  81 736  50 276  12.67 
Period 17   77 203  7 257  ‐  84 460  84 301  11.62 
Period 18   79 039  5 421  ‐  84 460  69 065  12.74 
Period 19   76 092  5 643  ‐  81 735  67 001  11.87 
Period 20   76 457  8 004  ‐  84 460  99 132  12.39 
Period 21   72 231  8 001  ‐  80 232  86 519  10.81 
Period 22   7 986  5 943  ‐  13 929  70 486  11.86 

Grand Total  1 443 508  149 735  493  1 593 736  1 532 558  10.20 
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7.3.2 Operational strategy – Contract mining 

RHA will award a full mining contract to an experienced mining contractor to take responsibility for all 

pit preparations, road construction, drill, blast, load and haul. RHA will provide over the fence power 

and water. The contractor will be responsible for its own operational and safety procedures, 

personnel management and equipment maintenance. Request for proposal has been issued to two 

mining contractors and a firm proposal has been received which forms the basis of the equipment 

selection and cost estimate presented herein. 

7.3.3 Primary Mining Equipment  

The primary mining equipment will consist of the following: 

 1 x CAT 330D Excavator 
 2 x CAT 730 ADT’s 
 1 x Crawler drilling rig (waste) 
 1 x Ingersoll Rand Compressor with 4 x Jackhammers (ore) 

7.3.4 Ancillary Mine Equipment 

Ancillary mining equipment will consist of the following: 

 1 x Tractor Water Bowser (dust suppression) 
 1 x Tractor Towed Grader (Road grading) 
 1 x D6T Bulldozer (cleaning of benches) 

7.3.5 Surface Mobile Equipment and Shops 

Provision is made for a workshop site with over the fence power and water supplied. The contractor 

is responsible for erection and operation of the workshops, which is included in the proposal. 

7.3.6 Surface Stockpile and Haulage 

Provision has been made for a ROM stockpile of approximately 6000-8000 tonnes capacity. Haul 

trucks will tip the material on the ROM pad, from where a front end loader (FEL) will load the ore into 

the feeding hopper supplied by APT. 

 Mine Infrastructure 7.4

7.4.1 Power requirements  

All equipment will be diesel operated which means that mining power requirements will be limited  to 

the workshop. These requirements have been incorporated into the overall power supply.  

7.4.2 Communications  

Provision has been made for a hand held two way radio communication systems, which will also be 

made available to the contractor.  

7.4.3 Lunch Room and Sanitary Waste 

The contractor will make use of the facilities supplied by RHA. 
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7.4.4 Water Distribution 

Watering point has been allowed for the purpose of dust suppression in the pit.   
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 Mineral Processing and Metallurgical Testing   8

 Relevant Results  8.1
The detailed report on process test work is presented in Appendix 3 - METALLURGICAL 

TESTWORK ON VARIOUS SAMPLES SUBMITTED BY PREMIER AFRICAN MINERALS, RHA 

MINE (Peacocke and Simpson, October 2014). 

The test work program concluded that RHA ore, containing about 3.6% WO3 ,is amenable to 

treatment via crushing and jigging to produce a coarse concentrate assaying about 62.7% WO3 and 

a fines concentrate from grinding ,spiral concentration and tabling upon the jig tails assaying 65.7% 

WO3.The combined recovery in practice of the coarse and fine wolframite should be about 85%. The 

results are presented in Table 7. 

The ore is also amenable to pre-concentration via jigging at -25mm, to a product assaying about 

28% WO3 for an 80% recovery.The rougher concentrate would then proceed to downstream 

processing via the above indicated process. This route may offer the means to deal with a larger 

volume, lower grade ore from a mechanical mining method. Limited characterization tests upon the 

small samples of Lode 1and 2 ore available assaying 1.45 % WO3 and 1.52 % WO3 respectively 

indicate that they would be amenable to the same processing methods as outlined above. 

Table 7: Overall recovery 

Product  Mass  Assay (%WO3)  Units  Distribution 

  (g)  Fract’n %  Cum%  Fract’n Cum.  WO3  Fract’n 
% 

Cum % 

Jig Cleaner Conc  28400.0  3.6  3.6  62.70  62.70  17806.8  61.6  61.6 

W. Table Conc 1  6491.0  0.8  4.4  65.73  63.26  4266.5  14.8  76.3 

W. Table Conc 2  3210.7  0.4  4.8  57.56  62.78  1848.1  6.4  82.7 

W. Table Tails 2  2268.3  0.3  5.0  29.92  60.94  678.7  2.3  85.1 

W. Table Tails 1  32700.0  4.1  9.1  0.77  34.01  251.8  0.9  85.9 

                 
Spiral tailings  726930.0  90.9  100.0  0.56  3.62  4070.8  14.1  100.0 

Totals (Head)  800 000.0  100.0    3.62    28 922.7  100.0   
Final Conc.  34 891.0      63.26    22 073.3  76.3   
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 Process Plant Design  9
A detailed description of the components of the process plant is presented in Appendix 4 – RHA 

Project, Wolframite Circuit. (APT, December 2014). 

 Process flow sheet 9.1
The process flow sheet is presented in Figure 3. 

Figure 3: Process flow sheet 

 

 Ore Handling  9.2
ROM ore will be trucked by the mining contractor to the dedicated ROM pad with a capacity of 6000-

8000 tonnes, adjacent to the jaw crusher feed bin. The owner will be responsible to feed ore from the 

ROM pad into the bin, using a TLB type front end loader. 

 Loadout and Product Storage  9.3
Final product will be collected in 1 tonne bags, which will be stored in a dedicated secured storage 

facility. The 1 tonne bags will be loaded into a container using a fork lift at a facility that has been 

constructed to allow for the forklift to drive into the container while the container is still on the truck. 
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 Water 9.4
Process water will be delivered to the process plant storage facility from the main water supply line. 

A detailed water balance assessment highlighted the need to recycle as much water as possible 

hence the inclusion of a thickener into the flowsheet after the initial quotation was received. Key 

indicators of the overall water balance are as follows: 

 Total plant water in circulation: 143.4m3/hr 

 Water losses to fines, spillage etc: 9.41m3/hr 

 Water reclaimed in settling cyclone: 93.5 m3/hr 

 Water recovered in thickener: 27.43m3/hr 

 Water lost to tailings: 13.06m3/hr 

 Makeup water requirement: 22.47m3/hr 

 

The water balance is presented in Table 8. 

.
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Table 8: Site water balance 

Rev 3 09.12.2104

Option 1: No Tailings Thickening

Option 2: With Tailings Thickener

5.00 m3/hr Option 2 0.00 m3/hr TSF Return Water 0%

Option 1 0.00 m3/hr TSF Return Water 0%

Potential Water 

Sources
To Potable Water 

Treatment Plants Option 2 27.43 m3/hr

Thickener 

Reclaim Option 2 13.06 m3/hr

Raw Water Dam
18.51 m3/hr 13.51 m3/hr

93.50 m3/hr Option 1 40.49 m3/hr

Lukosi Boreholes
0.00 m3/hr

Other (1)
0.00 m3/hr

Option 1

Other (2)
0.00 m3/hr Make‐Up Water 

Required

Make‐Up Water 

Required

Seepage & 

Evaporation 40.49 m3/hr

36.39 m3/hr 13.51 m3/hr 93.50 m3/hr 120.93 m3/hr

8.96 m3/hr Raw Water Option 1 Option 2
13.51 m3/hr 49.90 m3/hr 22.47 m3/hr

O
p
ti
o
n
 2

Component Water 

Requirements:
14.48 m3/hr 20.00 m3/hr 100.00 m3/hr 1.92 m3/hr 1.00 m3/hr 3.00 m3/hr 3.00 m3/hr

ROM SCRUBBER SCRUBBER SCREEN JIGGING PLANT MILL TABLE SCREEN 2 X TABLES Water Losses 133.99 m3/hr
Cumulative Water 

Requirement:
0.00 m3/hr 14.48 m3/hr 34.48 m3/hr 134.48 m3/hr 136.40 m3/hr 137.40 m3/hr 140.40 m3/hr 143.40 m3/hr

In Concentrate Fines 6.22 m3/hr

NOTES:
Spillages 3.00 m3/hr

O
p
ti
o
n
 2

1 Thickener underflow ‐ Lab results indicate 43% solids ‐ this would result in 23.15 m³/hr of water recovered.  This water balance assumes 50% solids in thickener underflow ‐ thus 27.43 m³/hr of water recovered from thickener. In Course Concentrat 0.11 m3/hr

2 Annual plant operating hours = 6 days/week x 24 hrs/day x 52 weeks/annum x 90% availability x 90% utilization = 6065 hrs/annum.  Thus annual plant make‐up water requirement is 27.47m³/hr x 6065hrs = 166,613 m³/annum. In RG Oversize 0.08 m3/hr

Premier have calculated RHA Dam to yeild 112,288 m³/annum.  Thus, based on plant operating hours ‐ 112,288 m³/annum/ 6065 hrs/annum = 18.514 m³/hr. Tailings Discharge

Annual shortfall is thus 166,613 m³ ‐ 112,288 m³ = 54,325 m³/annum.  Based on plant operating hours, water shortfall is 54,325 m³/hr/6065hrs = 8.957 m³/hr Total Water Losses: 9.41 m3/hr

40.49 m3/hr

Settling Cone

Reclaimed Plant Water

Raw Water Shortfall ‐ Option 1

Raw Water Shortfall ‐ Option 2

RHA ‐ Water Balance

PLANT FEED WATER

Tailings Thickener

40.49 m3/hr

2
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 Project Infrastructure  10
The infrastructure design and cost estimate was developed by SENET Engineering. A detailed 

description of the infrastructure components is presented in Appendix 5 - PRELIMINARY DESIGN 

AND COSTING OF ENGINEERING SERVICES AND EQUIPMENT RELATED TO THE 

INFRASTRUCTURE SUPPORTING THE RHA TUNGSTEN MODULAR PROCESS PLANT IN 

ZIMBABWE – SENET 2015) 

The Project infrastructure facilities consist of the following areas: 

 General infrastructure (power and water supply) 

 Earthworks and civils 

 Support infrastructure (power and water reticulation)  

 All required buildings 

 Communications 

 Firefighting 

Topographical data used in the design is based on an airborne aerial survey with data processing 

based on photogrammetricmethods with suitable ground control established to optimize results. 

 Buildings 10.1
The building philosophy generally made use of the containers provided with the modular plant which 

will be converted to allow for: 

 Medical facility 

 Generator and Distribution Board 

 Laboratory 

 Workshop and stores 

 Plant manager and supervisor’s office 

The remaining buildings will be constructed using cement bricks cast on site: 

 Administration building 

 Ablution facilities 

 Final product store 

 Lapa 

 Employee facilities  10.2
The employee facilities which have been upgraded as part of an early works programme, are located 

towards the west of the property and consist of the following: 

 10 x Historic double rooms 

 2 x Historic senior rooms 

 6 x Senior tents with ablution facility 

 13 x Junior tents with ablution facility 

 Junior cooking and mess facility 

 Lapa with kitchen and senior mess facility. This facility is also used as an office area at the 

moment. 
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 Exploration and storage shed, tools shed 

 Power distribution from the 33kV grid power line provides power to the camp with an 80kVa 

backup generator.  

 Water supply from an existing equipped borehole 

 General Infrastructure  10.3

10.3.1 Power  

The electrical equipment shall be designed, engineered and manufactured to the South African OHS 

ACT dated 1993 as amended, latest SA national standards and SENET standard specifications to: 

  Provide a safe working environment for personnel and equipment 

  Have low operating, maintenance and life cycle costs 

  Provide a reliable electrical plant 

  Provide standardisation to rationalise spares holding in stores 

The power plant has been sized in accordance to the information provided by APT and the 

envisaged infrastructure loads that can be expected. Possible start up scenarios are considered as 

follows: 

 Preferred philosophy – 661kW 

 Worst case philosophy – 956kW. 

The power plant has been designed for the worst-case scenario of 956 kW or 1195 kVA. 

The following generator sets have been specified: 

 Type: 2 X VOLVO TAD1643GE (536 KWm @ 1500 RPM PRIME) 

 Alternators: 2 X MARELLI 680 KVA 230 /400 VAC 50 HZ @ 1500 RPM 

 Controllers: 2 X DEEP SEA 8610 

 Fuel Tank: 2 X 1000 LITRE skid mount day tank 

 Full load fuel consumption per set: 117 L/hr per engine 

The unit offered comes complete with 2 x 1000 Amps MCB and 1 x 2000 Amp outgoing MCB to the 

plant PDB-01. 

Fuel tanks for 7 days continuous operation at full load (31,920 litres) are included as follows: 

 1 X 40,000 litre above ground storage tanks complete with 10 meter flexible supply lines for 

each generator 
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10.3.2 Water  

10.3.2.1 Ground water investigation 

RHA commisioned Groundwater Development Consultants to do a groundwater investigation to 

identify suitable aquifers for supply of make up water to the mine and plant (the detailed report is 

included in Appendix 6 – Groundwater Investigations for RHA Mine in Hwange: Borehole pump tests, 

December 2014). The study concluded that two classes of groundwater potential were established 

from the pumping tests and these are related to the different underlying rock types, the basement 

gneisses and schists and the Upper Karoo Escarpment Grits.  

Basement gneisses: Due to the crystalline nature of the basement rocks in the vicinity of the mine 

claim, borehole yields can be expected to be small and not suitable for exploitation. 

Escarpment Grits: Pumping tests of large-diameter wells penetrating the grits in the vicinity of 

Lukosi Siding seem to indicate that moderately high yields are possible provided the wells/boreholes 

fully penetrate the saturated grit to maximize on the available drawdown. Given that yields in the 

region of 3.0 l/sec (10,600 l/hr) are likely to be feasible from properly sited and correctly designed 

boreholes, it would be considered viable to exploit this aquifer for the mine water supplies, despite 

the long distance involved for piping the water to the mine. Considering that this safe maximum yield 

(10,600 l/hr) will require a borehole to be pumped continuously for 12 hours with a similar period 

reserved for recovery, coupled with the fact that the mine water requirements are huge, it is not 

unreasonable to assume that several of these boreholes will be required to satisfy the water 

demand, estimated to be 25,000-50,000 l/hr. Therefore, a well-field of six boreholes, correctly sited in 

the Grits aquifer, will be required for the mine’s water supplies. In order for this proposed well-field to 

meet the requirements of the mine, an alternating pumping regime will be proposed whereby three 

boreholes will be pumped continuously for 12 hours at any given time of the day, while the other 

three will be on recovery. 

10.3.2.2 Hydrological study 

PREM commissioned Constant Chuma consulting to perform a Hydrological Analysis of the RHA 

dam and the surrounding areas to determine the ability of the dam to supply make up water to the 

mine (detailed report presented in Appendix 7 - Hydrological Analysis of the RHA Dam and the 

Surrounding Areas at RHA Mine, Hwange District, Zimbabwe, December 2014). The study 

concluded that a surface run off of 584,000m3 per annum could be expected into the dam which has 

a capacity of 275,000m3. Due to the uncertainty of rainfall patterns, only 50% of the predicted run off 

has been considered in the evaluation. Furthermore, 180,000m3 of water will be lost to evaporation 

annually. The limited water supply and high losses to evaporation prompted PREM to investigate 

and test a solution that may reduce evaporation by as much as 50%.  

10.3.2.3 Conclusion and recommendation 

PREM considered all aspects of the various studies, including the introduction of a thickener and the 

impact of tailings return and produced a Decision Log report which recommends that: 

 The thickener is installed now. 

 No provision for tails return during the start-up phase. 

 Provision for tails return during the steady state phase. 
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 Investigate options to reduce evaporation. If successful, no water needs to be supplied from 

Lukosi. If unsuccessful, install a pipeline with minimum of two wells by end of 2015. 

The decision log report is presented in Appendix 8 - DECISION LOG No. 1 Water supply and impact 

of Thickener. Subsequent to finalising the decision log, a decision was made to postpone the 

installation of the thickener by 4 months in order to delay intial capital.   

10.3.3 Access roads  

Access to the Project area is by means of a dual-lane bitumen road called A8, which runs between 

Bulawayo and Hwange towards Victoria Falls. 20 km south of Hwange, a 23km dirt road provides 

access to the site. PREM has received a firm proposal from an experienced Zimbabwean contractor 

to upgrade the 23km gravel access road to achieve the following functionality: 

 Allow for daily transport of people in light vehicles at a safe speed limit of 60 km per hour 

 Allow for inbound transport of plant and construction equipment with a maximum size equal 

to 40 ft containers 

The road upgrade will support transport of employees to and from site on a daily basis. 

 Tailings storage facility  10.4
The tailings storage facilty design and cost estimate was developed by Blonton Management 

Consultants. A detailed description of the design and costing is presented in Appendix 9. 

10.4.1 Tailings storage facility design  

This design report has been compiled to meet the disposal needs of the Project  for at least 8 

months at the given production rate of 8,000 tonnes per month, 64,000 tonnes in total. This is a 

temporary storage facility that will cover an old and stable, existing deposition containment last used 

in 1978.  As the beneficiation plant does not use any chemicals, and the basin is virtually impervious, 

the facility base will not require lining, and therefore this existing facility can be extended for this 

short term.   

A permanent facility will be designed and constructed once the mine is in operation and when the 

mine is financially in a position to fund it. The mine has available 11 hectares of land earmarked for 

this permanent disposal of tailings. 

The tailings disposal will follow conventional disposal methods as is used worldwide.  This Upstream 

cycloned wall system will be constructed using hydraulic deposition.  This means the tailings slurry 

will be hydraulically deposited in a manner that will allow sufficient drainage and drying for 

compaction and consolidation to develop enough shear strength to support subsequently deposited 

tailings. 

The existing retaining wall will be extended and is located at the lower end of the minor streams, 

closing the basin catchment.  The cyclone method of deposition allows for course / sandy material to 

be deposited in a raised wall that is free draining and will provide for maximum drainage, 

consolidation, compaction and stability.  Finer material will be deposited further within the basin area 

away from the wall. 
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The main design components of the facility will include: 

 Access road to the penstock position 

 Under drains 

 Cyclone embankment retaining wall (angle of 23º is maintained from the toe of the facility to 

the crest with the wall at all times at least 2m above the pool of water that will accumulate 

before decant) 

 Catwalks 

 Penstock intake and outfall pipe 

 Slurry delivery and outfall system (not costed in this estimate) 

 Piezometers 

 Monitoring boreholes 

 Fencing 

The study concludes that this site is a good competent site with sufficient area to deposit the project 

tailings for at least 8 months with the potential to increase the capacity by another 14 months.  The 

impact on the environment, water ways and population is minimal.  The method of construction is a 

proven and successful choice and cost efficient. 

 Communications  10.5
Internet and email communication is currently in place via a satellite system at the existing camp. 

Provision is made for an additional VSAT system that will be located at the operational offices as well 

as for hand held mobile radios. 
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 Market Studies and Contracts  11

 Nature of Material Terms 11.1
No material contracts are in place at this time.   

 Recommended Mode of Sale  11.2
RHA has the option of selling its product ex warehouse in Beira and is currently pursuing off take 

agreements from various global trading companies.   

 Product Quality  11.3
Analysis of RHA concentrates produced as part of the pilot test program confirmed that there are no 

deleterious elements and that concentrate grades of 62.7% WO3 is achievable without any process 

optimization at this stage.  

 Commodity Price Projections  11.4
VSA Capital commented on 18 November 2014 that the tungsten APT price remains at elevated 

levels, with the current value of US$335/mtu, 43% above the average price seen in 2005-10, and 

exceeding the average price achieved in 2000-05 almost fourfold. This structural price increase has 

been driven by the tightness of the global supply-demand balance for tungsten, which is now 

considered a strategic mineral due to its unique chemical characteristics and high relative supply 

risk. The unique physical properties of tungsten, including melting point, hardness and tensile 

strength, coupled with the lack of substitutes, make it a critical element which is widely used in 

industrial, oil & gas, mining and agricultural applications. 

China, which accounts for c80% of the global supply and c50% of demand, has been consistently 

tightening export restrictions on tungsten by reducing export quotas and boosting duties. Overall, it is 

estimated that China’s tungsten demand grew by as much as 9% per annum over the last decade, 

compared to just 2% in the developed countries. 

While China’s economic growth is slowing, its tungsten demand is likely to keep growing at a rate of 

5-10% per year, as both industrialisation and urbanisation continues. It is also expected that 

tungsten prices will be supported by gradual economic recovery in the US, which represents c17% of 

global demand. 

The financial evaluation used a constant price of US$325/mtu with payment to RHA of 66% of the 

APT price. 

 Contracts and Status 11.5
No material contracts are in place at this time.   

Offtake agreements are under discussion with various trading companies. 
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 Environmental Studies, Permitting and Social or 12
Community Impact 

 Introduction 12.1
This Section summarises the social and environmental studies and assessment of the Project’s risks 

undertaken as part of the ESIA. A detailed report is presented in Appendix 10. The RHA Project is a 

mineral mining development under the Environmental Management Act of 2002 and specifically S.I 7 

of 2007 (Environmental Impact Assessment and ecosystems Protection). The Project is compelled 

under the first schedule of the EMA Act (Cap 20:27) to undergo an EIA process prior to 

implementation.   

 Environmental and Social Setting  12.2

12.2.1 Physical Setting 

RHA lies adjacent to Deka Safari Area in the North Western part of Zimbabwe and extends from 

approximately 18°23' to 18°48' S and 26°05' to 26°40' E. The altitude ranges from 840m to 1100m. 

The area falls in the natural eco region V (5) of Zimbabwe which has a mean annual temperature 

range of 21-25 ºC; mean maximum temperature range of 26-32 ºC and mean minimum temperature 

range of 14-18 ºC; mean annual rainfall <600mm. 

The area is drained primarily by streams into three major rivers; Deka river on the northern and 

western boundary, the Lukosi centrally, and the Inyantue river on the eastern boundary. The rainy 

season runs approximately from October until March, and the rivers and watercourses are usually 

dry 2-3 months after the end of the rains. Water is then only available in the natural springs, man-

made dams and water points. Over 30 species of large and medium sized mammals are found in the 

area and their distribution is dependent on vegetation, water distribution and land-use.  

Several small ephemeral streams flow from the Project site. Some of the streams arise from the hills 

within the Project site flowing into a large stream which flows into the Mpongola River which drains 

into the Lukosi and finally into the Gwayi River. Upstream of the project site there are no major 

activities. Streams that flow from the mountains to the south and south east of the Project site flow 

into the dam within the Project site. The dam serves as a watering hole for the wildlife during the dry 

season.  

One stream flows on the boundary of the Project site adjacent to the historic tailings dam. Washings 

have found their way into the stream and there is need to desilt the stream to increase the capacity 

of the stream. Downstream of the Project site, approximately 60km from the Project site are several 

communities. 

12.2.2 Biological Setting 

The area in and around the mine is composed of three dominant woodland types, the first being 

Colophospermum which is categorised as a mosaic of open woodland on shallow soils, plus pockets 

of deeper sandy soils in topographically suitable positions with vegetation approaching woodland 

thicket. The second being Brachystegia boehmii – Julbernardia which is typically associated with 
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miombo woodland on shallow, generally gravelly, soils dominated by trees of Brachystegia boehmii 

and Julbernardia. The third being Combretum/Acacia/Mopane mixed woodland which occurs along 

lower lying areas, there are pockets of open Acacia mixed with Combretum and Mopane.  

The surrounding area of RHA has arguably one of the richest mammalian assemblages in Southern 

Africa consisting of both herbivores and carnivores which in turn allows for the natural predator/prey 

cycle. The region supports 30% of Africa’s estimated elephant population and has a wide range of 

antelope species. The surrounding areas diversity is under threat due to habitat fragmentation and 

disruption of historical movements.  Out of the 197 species listed as occurring in and around the 

Project site, none are endemic and a few are considered threatened. The Painted dog and 

ecologically important elephant are considered ‘flagship’ species of the area.  

There are an estimated 128 species of both endemic and near endemic reptiles and 50 species of 

amphibian recorded around RHA, owning mainly to the sandy soils on Kalahari, burrowing or 

fossorial reptiles are comparatively common as they can more readily dig and their invertebrate food 

source is more frequent.  

The fish fauna of the area is not different from that of the Zambezi headwaters. There is a 

moderately rich ichthyofauna, with one endemic and globally threatened species, Phongolo 

suckermouth Chiloglanis emarginatus, in tributaries of Gwayi River. The area has a high richness of 

birds, of the 601 recorded species there is a moderately rich avifauna- of 524 species. There are 76 

palaearctic migrants (species that migrate annually from the northern hemisphere during their winter 

period, but do not breed in the south) and an additional 52 intra-African migrants. Many of these 

birds reside for a number of months in wetlands and pans while others wander at will over 

grasslands and thorn-veld. The Wattled Crane and the Taita Falcon are species of global 

conservation interest and are the ‘flagship’ species of the area.  

The ESIA has focused on considering the factors that comprise habitat quality for the observed 

species, thereby ensuring that habitat reclamation efforts can be focused toward those factors, with 

the expectation that the larger assemblage of wildlife species will benefit and suffer minimal adverse 

effects from the mining operations. 

12.2.3 Social Setting 

There are a number of indigenous communities identified in the areas surrounding RHA. Traditional 

and cultural sites and issues have been identified in the process of undertaking the ESIA.  

The Hwange district economy accounts significantly to Zimbabwe’s Gross Domestic Product (GDP) 

and nationwide employment. The structure of the economy is distinctive; with a high reliance on 

export markets and a large percentage of the workforce employed in the tourism and mining sectors. 

The economy is extremely sensitive to economic impacts such as recent resource and infrastructure 

investment projects. The town and communities in the region of RHA are all small and quite remote, 

comprised of people of Nymbia descent. The nearest town is Hwange, approximately 20km north 

east of the mine site. There is very little agricultural activity, people derive livelihood from garden 

marketing using groundwater and livestock. The nearby Makomo Resources Mine activities also 

have an influence on the water quality downstream of the Project site. 
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Medical services in the region are provided through the St Mary’s Hospital, which is the district 

hospital for the surrounding community.  

The potential impact on this community that the Project is likely to produce includes:  

 Direct employment during the construction and operation phases;  

 The supply of goods and services would be extended to local businesses;  

 Increased traffic movements;  

 Contribution to the regional economies due to royalties and taxes;  

 Increased business opportunities for local businesses; and  

 Temporary change of land use from pastoral to mining. 

 Environmental Legislation and Permitting and Lender 12.3
Requirements   

12.3.1 Environmental Legislation and Permitting 

There are various international and national legal requirements that directly and indirectly relate to 

the exploitation process that RHA will need to comply with. The mining process is governed by the 

Mines and Minerals Act which was enacted in 1961 while environmental protection and management 

issues are managed through the Environmental Management Act. The purpose of considering 

legislative requirements is to ensure that environmental, safety and health and hazards/aspects and 

risks/impacts have been adequately identified, appropriately assessed for significance in order to put 

in place relevant mitigation controls. Some of the objectives of legal compliance are to: 

 To have in place a sustainable mining operation that takes cognizance of development 

which is balanced with the social, economic and environmental needs. 

 To operate within the specified legal limits in order to avoid litigations and environmental as 

well as occupational health liabilities/risks. 

 To create an understanding and commitment on the implementation of local, regional and 

international environmental legal requirements. 

Some of the important legislation that the mine will need to comply with is listed below; 

 National Environmental Management Policy and Strategies (June 2009) 

 Environmental Management Act Chapter 20:27 

 Mines and Minerals Act CAP 21: 05,  

 Mining (Management and Safety) Regulations S.I. 109 of 1990  

 Water Act Chapter 20:24 

 Mining Health and Sanitation S.I 182 OF 1995 

 Parks and Wildlife Act Chapter 20:14 

 Zimbabwe National Water Authority Act 

 Rio Declaration on Environment and Development, 1992 

 Convection on Biodiversity 

 ILO Standards on Safety and Health. 
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RHA has, in collaboration with Bumira Environmental Consultants, identified and put in place a legal 

register with details of the permits, approvals and licences that are to be in place at the various 

stages of the Project, the register is summarised in Table 2. 

12.3.2 Lender Requirements 

RHA’s ESIA process has been planned and implemented to ensure that it meets the high standards 

expected by the national regulators. Whilst the ESIA process has been designed to ensure that it 

adequately meets both regional and national standards, the ESIA study has been conducted by 

following best international practice where possible. This best practice approach was conducted in 

line with the following international Conventions, Treaties and agreements; 

 Earth Summit and World Summit on Sustainable Development – Rio Summit 1992 

 Convention on Biological Diversity (CBD)  

 The Ramsar Convention  

 Convention to Combat Desertification (CCD) 

 International Union for Conservation of Nature (IUCN) 

 Basel Convention on the Control of Transboundary Movement of Hazardous Wastes and  

their Disposal (1989) 

 Bamako Convention on the Control of the Import, Movement and Disposal of Hazardous 

Wastes in Africa (1991) 

 United Nations Framework Convention on Climate Change (1992) 

 Vienna Convention for the Protection of the Ozone Layer, 1985 and the Montreal Protocol on 

Substances that Deplete the Ozone Layer, 1987 

 Convention on the Protection of the World Cultural and Natural Heritage, 1972 

 Environmental and Social Studies and Management  12.4
RHA complies with both regional and national standards in the planning of the Project.  Social and 

environmental management elements that are in place are outlined in Sections 12.4.2 .   

12.4.1 Corporate Policy 

Social and environmental management has been undertaken in accordance with international good 

practice in order to meet PREM’s corporate objectives and environmental management policy.  

The ESIA report is currently being reviewed internally and will be submitted by the end of January 

2015. The report, through the assistance of Bumira, comprehensively evaluates and addresses all 

aspects required for compliancy from an environmental perspective to ensure the proposed mining 

activities of RHA can commence. 

12.4.2 Status of Existing Environmental and Social Management 

As required under Zimbabwean legislation, the ESIA was prepared by a Registered Environmental 

Assessment Consultant. The first phase of the ESIA process included the submission of an 

Environmental and Social Impact Assessment Prospectus, which was formally approved on the 11th 

of September 2014. The Environmental and Social Impact Assessment Prospectus was submitted in 

order to outline the general and basic intended project description and other related aspects and was 
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prepared in order to seek approval to undertake a full ESIA from the EMA Director General in line 

with the current laws of Zimbabwe. 

The objectives of the undertaken ESIA include a determination and analysis of potential biophysical, 

socio-economic and cultural impacts/risks (positive and negative) of the proposed mining operation 

to ensure compliancy with all regulatory requirements and to adequately propose and address the 

necessary methods for the prevention and mitigation of any impacts that may result due to the 

operations. These have been incorporated in the Engineering Design, Environmental Management 

and Monitoring Plan and to establish the current in depth baseline environmental setting of the 

Project. 

12.4.3 Stakeholder Engagement  

The public consultation process was conducted as part of the ESIA process. This is a fundamental 

principle of the ESIA process that involves the capturing of views and concerns of affected and 

interested stakeholders, hence facilitating improved environmental planning, design, implementation, 

operation and management of the Project. There are a number of indigenous communities identified 

in the areas surrounding the Project, traditional and cultural sites and issues will be identified in the 

process of undertaking the ESIA. 

The engagement of stakeholders also included the following objectives: 

 Inform stakeholders about the Project and discussion of its likely impacts/risks; 

 Obtain stakeholder views, concerns and inputs; 

 Obtain local and traditional knowledge that may be useful in environmental planning and 

design of the Project, and 

 Provide opportunity for stakeholders to influence Project planning and design in a positive 

manner 

 Ensure that significant impacts/risks are not overlooked and benefits are maximised; 

 Reduce conflict through the early identification of contentious issues 

 Potential Material Impacts / Risks  12.5
Through the ESIA process, a number of risks have been identified that will need to be considered 

and managed by RHA.  A risk is a potential event that may affect the planning and management of 

RHA.  A risk that may detrimentally affect RHA’s planning and management is a negative risk; a 

positive risk that may enhance RHA’s planning and management is an opportunity.   

The significance of each risk is defined by considering the probability that the event will happen and 

the severity of the consequence if it happens, taking into account planned preventative and 

mitigation measures. Significant negative risks may have material consequences for the company 

and/or Project. 

The focus of this document is on the current and potential risks identified within the prospectus.  

These are risks that: 

 Are those that are significant and may be difficult for the company to effectively prevent or 

manage; 



. 
Implementation Report – RHA Tungsten Project Page 48 
 
 

  January 2015 

 May cause significant delays to the Project schedule; and 

 May increase costs or financial liabilities. 

A detailed summary of the risks are presented in the complete ESIA report in Appendix 10.  

 Mine Closure  12.6
The rehabilitation of mined and disturbed areas due to the proposed mining activities is an important 

component of the environmental planning and design of the Project. Mine reclamation/rehabilitation 

is the process of restoring land that has been mined to a natural or economically usable state. Mine 

rehabilitation/reclamation aims to minimize and mitigate the environmental effects of mining. 

RHA is dedicated to operate in an environmentally friendly and socially acceptable manner and 

endeavours to ensure that mine rehabilitation and closure aspects are taken into account throughout 

all of its phases; the pre-operational phase, operational phase and post-operational phase.  

In light of the above, the ESIA report addresses the various risks, mitigation measures and 

associated costs of the mine rehabilitation/closure process. RHA will be mindful of the following 

objectives during the rehabilitation/closure process of the mine: 

 The protection of public health and safety both in the present and future. 

 Progressive rehabilitation of the mine during the life of the Project. 

 That the environment and natural resources are not subject to physical and chemical 

degradation e.g. ensuring that the Project does not compromise the quality and quantity of 

surface water and groundwater all of which are important to existing users and 

aquatic/riparian ecosystems. 

 Stabilising altered landforms e.g. waste rock dumps and tailings dams taking into account 

the surrounding regional landscape. 

 The establishment of self-sustaining and resilient ecosystems that are compatible with the 

mining area’s surroundings.  

 Design and construction of mine waste landforms that are physically and chemically stable 

thus reducing the need for long term monitoring and maintenance. 

 Any beneficial socio-economic benefits are maximised. 

 Knowledgeable development of action plans to address risks associated with the mine 

closure process, ideally as part of a community development approach from early in the 

mine’s life.  

 Identification and management of potential residual risks and liabilities.   

 Knowledge of the financial requirements of the decommissioning and rehabilitation process, 

hence facilitating the putting in place of a provision for funding for the mine closure process. 

  Development of an environmental monitoring and reporting program which is focused 

towards demonstrating the achievement of closure outcomes. 

 



. 
Implementation Report – RHA Tungsten Project Page 49 
 
 

  January 2015 

 Other Relevant Data and Information 13

 Staffing Estimate 13.1
The labour compliment for the Project was developed from individual estimates for each area, based 

on first principles. The shift schedule assumed that there would be three shifts, operating 6 days a 

week over 24 hours. Refer to Figure 4 for the planned organogram and Table 9 for the full labour 

compliment by level.  These numbers exclude the mining contractor who’s compliment will be 

approximately 32 people. 

Table 9: Expected Labour Compliment  

Level Position 

Discipline  

Mine Process Engineering G&A Total 

Management Site manager  1.0  1.0  2.0  4.0 

Technician/Team 
Chief 

Superintendents  2.0  1.0  3.0 

Supervision (Foremen)  3.0  1.0  1.0  5.0 

Skilled and semi-
skilled workers 

Skilled Labour (Artisan / 
J )

19.0  3.0  2.0  24.0 

Semi-skilled labour 1.5  2.0  5.0  6.0  14.5 

Clerical 4.0  4.0 

Labourers 
(unskilled) 

Unskilled labour       3.0  3.0 

Total  4.5  25  10  19  57.5 

 

Although all endeavours will be made to recruit from the local population, it is expected that the 

management and superintendants will not be recruited locally and may be sourced nationally or on 

expatriot basis and will need to be housed at the RHA camp. The camp has the capacity to also 

house the technical and skilled employees although an effort will be made to transport employees 

from Hwange and nearby villages. Semi skilled and unskilled labourers will be provided with 

transport to travel from nearby villages. 
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Figure 4: RHA Organogram 
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 Project Implementation Schedule  13.2
PREM has fast tracked the implementation of the Project and placed an order on the plant 

fabrication on 8 December 2014. PREM intends to continue the development of the Project to 

achieve first production in May 2015. The master schedule is presented in Figure 5. The 

implementation strategies that will be pursued are discussed in the following sections. 

13.2.1 Mine  

As of the effective date, a firm proposal has been received from an experienced Zimbabwean 

contracting company and final negotiations are underway. Once contractually agreed, the contractor 

will mobilise to site and start with pit preparation and bench establishment.  

13.2.2 Process Plant  

An order has been placed on APT to fabricate the plant in Johannesburg, South Africa. Once 

completed, the plant will be transported to site in 8 containers and commissioned on the prepared 

foundations. It is expected that the fabrication period will be 22 weeks from order placement, 1 week 

for transport and 2 weeks for commissioning. The fabrication and commissioning of the process plant 

is currently on the Project critical path. 

13.2.3 Tailings facility 

PREM will engage an experienced contractor to do the necessary site preparations. APT will allow 

for the pumping and piping infrastructure required to operate the tailings storage facility. It is 

estimated that the contractor will require 6 weeks to complete the preparations. 

13.2.4 Road upgrade 

The road upgrade will take 4 weeks from the date of order placement, as per the proposal received 

by PREM.  

13.2.5 General Infrastructure  

General infrastructure construction will consist of: 

 Procurement 

o Order placement 

o Supply and fabrication 

o Deliveries 

 .Construction 

o Earthworks 

o Civil work 

o Structural and mechanical 

o Piping 

o Electrical 

PREM has received a firm proposal from an experienced Zimbabwean contractor to execute the 

earthworks and civil contract and final negotiations are underway.  
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PREM will engage SENET in a procurement and construction management contract to take overall 

responsibility for the infrastructure construction program. The construction schedule prepared by 

SENET is presented in Appendix 11. The overall construction schedule is presented in Appendix 12. 

13.2.6 Implementation Schedule – Key Dates  

Key milestones are summarised as follows: 

Order placement 

 Mining contractor – 23/01/2015 

 Procurement and Construction Management – 26/01/2015 

 Road upgrade contractor – 04/02/2015 

 Earthworks and Civils – 09/02/2015 

 Tailings construction contractor – 13/02/2015 

Completions 

 Plant fabrication – 06/05/2015 

 Plant commissioning – 27/05/2015 
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Figure 5: RHA Master schedule 
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 Capital and Operating Costs 14

 Capital Cost Estimates 14.1
Each consultant developed capital costs for their respective scope areas, all based in Unites States 

dollars (US$) or South African rand (ZAR).  These estimates allowed for direct costs only, and PREM 

included an allowance for indirect costs in the economic modelling (Section 15).   

The capital cost estimates provided by each consultant are based on their work performed as part of 

the implementation study, the Project’s scope of facilities, civil, electrical and mechanical equipment 

lists and quantities, PFD’s and/or drawings, and budget quotations from suppliers, as purchased 

quotations from other projects and/or in-house data. 

Unless otherwise specified, the estimates exclude VAT, transport and duties which were added in 

the financial modelling. 

For the purpose of the Implementation study, pre-production capital is defined as any capital spent 

prior to first production. PREM has successfully negotiated delayed payment structures with various 

contractors to reduce pre-production capital. Any capital spent after achieving first production is 

therefore considered delayed payment or sustaining capital, unless otherwise specified. 

14.1.1 Mining  

Open pit Mining  

The selected operating philosophy is to engage a suitable mining contractor to take responsibility for 

all mining related activities including mobilisation, site preparation, drill and blast, load and haul, 

equipment maintenance and haul road maintenance. The capital component includes only site 

mobilisation and site preparation and pre stripping prior to start of production. Mine services (water 

supply and power supply) as well as buildings are included in the general and support infrastructure 

estimate. The cost of the ROM storage pad is included in the support infrastructure estimate. 

Table 10 shows the mine capital summary.   

Table 10: Mine Capital Summary 

Description 

Pre-Production  
(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Site Mobilisation 87,401 59,937 147,338
Total 87,401 59,937 147,338

 

14.1.2 Processing 

Process Site  

The process plant presented in this report is capable of receiving a plant feed of 16tph or 8000tpm 

as design by APT. The capital cost estimate is based on a firm quotation received from APT, for 

which an order has been placed. The quote includes the full plant, from the primary crusher feed bin 

through to tailings discharge onto the tailings facility including water storage and water and power 

reticulation. The installation of the thickener is delayed until 5 months after first production. 



. 
Implementation Report – RHA Tungsten Project Page 55 
 
 

  January 2015 

Installation and commissioning is included in the quote but separate provision is made for crainage in 

the owner’s cost. Earthworks, civils and process specific buildings are excluded but allowed for in the 

infrastructure estimate. Freight is not included in the quotation, but allowed for in the overall 

estimate. 

Additional allowance is made for a front end loader to feed the material into the feed hopper and a 

fork lift to load final product into a container.  

An allowance of 2% of total operating cost has been included in the sustaining capital estimate in the 

financial model.  

The capital cost estimated for the Process Site for the Project is summarized in Table 11. 

Table 11: Process Plant Capital Summary 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Plant cost 2,079,416  2,079,416 
Thickener (including freight)  314,182 314,182 
Laboratory 50,000   
Freight (Process plant) 40,000  40,000 
Front end loader  90,735 90,735 
Commissioning 46,987 46,987 

Total Process Capital Cost  2,169,416 451,904 2,621,320

14.1.3 Tailings storage facility 

The initial construction allows for using the old tailings facility for a period of 8 months after which the 

facility may be extended.  

The capital cost estimated for the TSF is summarised in Table 12. 

Table 12: TSF Capital Summary 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

TSF 225,242 - 225,242
Contingency 11,262 - 11,262
Total RSF Facility 236,504 - 236,504

14.1.4 General Infrastructure and support facilities 

The capital cost estimate is based on budget pricing received from suppliers and allows for site 

labour but not for site supervision. A forklift is included in the allocation for buildings and diesel 

storage. An agreement has been reached with the mining contractor that diesel storage facilities will 

be provided by them, suitable for use by both RHA and the contractor.  

In order to reduce pre-production capital, the construction of the following buildings has been 

delayed until 5 months after start of production: 

 Main admin building 

 Ablution facilities and septic tanks (make use of portable toilets) 

 Lapa 

 Purchase of the fork lift for product handling. 
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A delayed payment plan that has been agreed with the road upgrade and earthworks and civils 

contractor has been incorporated into the financial modelling. 

A delayed payment plan that has been agreed with the procurement and construction management 

contractor has been incorporated into the financial modelling. 

Supervision costs are included in the construction management estimate. The capital cost estimated 

for infrastructure is summarised in Table 13. 

Table 13: General Infrastructure Capital Summary 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Power Supply and reticulation 349,147 47,896 397,044
Water Supply and reticulation 92,754 - 92,754

Subtotal  Power & Water 441,901 47,896 489,798

Buildings  106,466 122,673 229,139
Road upgrade 31,574 94,723 126,298
Earthworks and Civils 183,822 497,001 680,823
Communications 6,630 - 6,630
Fire fighting 1,000 - 1,000
Total General Infrastructure 771,414 762,294 1,533,708

Procurement and Construction management costs are based on a proposal received from SENET 

engineering and is summarised in Table 14. A delayed payment plan that has been agreed with the 

procurement and construction management contractor has been incorporated into the financial 

modelling. 

Table 14: Procurement and CM 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Procurement and Construction 
Management  

449,382 449,382 

 

14.1.5 Owner Costs  

Owner’s costs were calculated for the duration of the Project construction and scheduled to coincide 

with the overall project implementation schedule.  They are grouped into the following three main 

categories: 

 Staffing.  The owner’s staff for project implementation is as follows: 

o Site Manager 

o Camp manager 

o Materials controller 

o Safety Officer 

 Travel and accommodation. The travel costs account for transport to site, local and 

international airfares; 

 Provisional and general costs.  These costs are made up of the following items: 

o Site surveys; 

o Permit administration and processing fees 
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o Office consumables, IT and software 

o Emergency medical support facilities 

o Community relations throughout the project implementation period 

o Environmental permitting and mitigation during construction 

o Mobile equipment including crainage and light vehicles required for construction 

o Recruitment and training of operations staff. 

A notable exclusion from these costs is the contractor’s camp. PREM plans to use the recently 

upgraded camp during construction. 

A summary of the Owner’s Cost estimate is presented in Table 15.  

Table 15: Owner's cost 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Staffing Cost 45,000 - 45,000
Travel and Accommodation  81,092 - 81,092
Provisional & General Costs 288,277 33,737 322,014

Total 414,369 33,737 448,105

 

14.1.6 Project Indirect Costs  

Project indirect costs include the following: 

 Contingency was applied as a factor to the total direct costs. 

 VAT is allowed for at 15% with a VAT reclaim on a 30 day period  

 Insurance at 1% of pre-production capital 

A summary of the Owner’s Cost estimate is presented in Table 16.  
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Table 16: Project Indirect costs 

Description 
Pre-Production  

(US$) 
Delayed payment 

and sustaining  (US$) 
Total LoM capital 

(US$) 
Contingency on direct capital  92,373 49,536 139,329
VAT 345,428 -345,428 -
Insurance 41,011 - 41,011

Total 478,812 -295,892 182,920

 

14.1.7 Capital Cost Summary 

The capital costs for all disciplines are summarized in Table 17. 

Table 17: Capital Cost summary 

Description 
Pre-Production  

(US$) 

Delayed payment 
and sustaining  

(US$) 

Total LoM capital 
(US$) 

Mining  87,401  59,937   147,338 
Processing  2,169,416  451,904   2 621,320 
Tailings Storage facility  225,242  -    225,242 
General Infrastructure  771,414  762,294   1 533 708 
Owner's Costs  414,369  33,737   448,105 

Subtotal Direct Capital 3,667,841 1,307,871   4,975,713

Procurement & CM  -  449,382   449 382 
Contingency 92,373  49,536   141,909 
VAT  345,428  -345,428   -  
Insurance  41,011    -   41,011  

Subtotal Indirect Capital 478,812 153,490  632,302

Capital Expenditures  4,146,653 1,416,361   5,608,015 
Sustaining Capital  -    150,625   150,625 

 

 Operating Cost Estimates 14.2
All tables below show the operating costs as extracted from the economic model, which is based on 

the estimates provided by the consultants, firm proposals and internal estimates performed by 

PREM.  

14.2.1 Mining  

Mine operating costs are based on the proposal received from JRG Contracting which is based on 

the production schedule presented. The contractor’s labour component is included in the estimate, 

but owner’s supervision and support service costs are estimated separately under owner’s cost.  

Table 18 shows the mine operating cost summary.  
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Table 18: Mining Operating Cost  

Item 
LoM (US$s) Cost - (US$ / mtu) 

Cost - (US$ / t 
processed) 

Waste mining 4,705,837 37.0 31.3
Ore Mining 636,967 5.0 4.2
Fixed monthly charge 844,100 6.6 5.6
Total 6,186,904 48.6 41.2

14.2.2 Processing 

The plant operating cost is based on an estimate provided by APT for the type of plant designed. 

Only crusher and mill consumables, spares and power are allowed for in the variable operating cost 

estimate.  Labour, general and administrative costs are estimated separately under Owner’s cost.  

The expected operating costs are shown in Table 19. 

Table 19: Process Site Operating Costs by Element  

Item 
LoM (US$) Cost - (US$ / mtu) 

Cost - (US$ / t 
processed) 

Process cost 1,146,239 9.00 7.63
Crush and mill consumables and spares 923,902 7.26 6.15
Total 2,070,141 16.26 13.78

14.2.3 Tailings storage facility 

Operating costs have been estimated by Fraser Alexander Zimbabwe on the basis of an operating 

contract approach at a fixed monthly rate. Although the estimate is based on operating the full scale 

TSF facility it has been assumed that the operating cost for the initial start up facility will be similar. A 

breakdown of the cost estimate is presented in Table 20. 

Table 20: Tailings Residue Operating Costs by Element  

Item 
LoM (US$s) 

Cost - (US$ / 
mtu) 

Cost - (US$ / t
processed) 

Fixed Monthly rate 176,000 1.38 1.17
Valves  22,462 0.18 0.15
Delivery extension  32,626 0.26 0.22
Pipe replacements  35,310 0.28 0.24
Catwalk 5,214 0.04 0.03
Walkway 8,932 0.07 0.06
Total 280,544 2.20 1.87

14.2.4 Owner Costs 

These General and Administrative (G&A) costs represent a recurring annual operating cost, to cover 

all owners’ expenses during operations. These costs include a labour force of approximately 58 

people (excluding contract mining) to manage the following: 

 General operations and technical services 

 Plant operation and maintenance 

 Health, safety and security 

 Human resources 

 Social and community 
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 Finances 

 Purchasing and warehousing 

Operational G&A also accounts for office supplies and consumables and operations of the employee 

transport.  The costs are summarised in Table 21. 

Table 21: Owner Costs (Staffing and G&A) 

Item 
LoM (US$) Month (US$) 

Cost - (US$ / mtu) Cost - (US$ / t 
processed) 

Owner Staffing 1,966,657 89,394 15.45 13.09

Facility and technology 80,080 3,640 0.63 0.53
Equipment  66,000 3,000 0.52 0.44
Employee Transport 171,468 7,794 1.35 1.14
General Maintenance 66,000 3,000 0.52 0.44
Accommodation 146,700 6,668 1.15 0.98

Subtotal G&A 530,248 24,702 4.16 3.53

Total 2,496,905 114,096 19.61 16.62

14.2.5 Selling cost 

Selling cost allows for product transport to Beira as well as a contractual monthly management fee 

payable to ZIMdiv Holdings (Mauritius), which is 100% owned by PREM as presented in Table 22. 

Table 22: Selling cost 

Item 
LoM (US$) Month (US$) 

Cost - (US$ / mtu) Cost - (US$ / t
processed)

Product transport cost 303,171 - 2.38 2.02
Management fee 330,000 15,000 2.59 2.20

Total 633,171 15,000 4.97 4.21

14.2.6 Operating Cost Summary  

Operating costs are estimated at US$87.03 / mtu contained WO3, ex warehouse Beira as 

summarised in Table 23. 

Table 23: Life of Mine Operating Costs by Cost Centre 

Item 
LoM (US$ 000s) 

 
Cost - (US$ / mtu) Cost - (US$ / t 

processed) 
Waste Mining 4,705,837 37.0 31.3
Ore Mining 636,967 5.0 4.2
Mining Fixed 844,100 6.6 5.6
Labour  1,966,657 15.4 13.1
Processing 2,070,141 16.3 13.8
Tailings 280,544 2.2 1.9
G&A 543,448 4.3 3.6
Transport 303,171 2.4 2.0
Total Operating Cost 11,350,866 89.14 75.6
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 Economic Analysis 15
 

 Principal Assumptions  15.1
The economic results were derived from inputs provided by each consultant. All economic inputs 

were estimated in Q4, 2014 US dollars.     

An economic model was prepared on an unleveraged (all equity), pre-tax basis. The basis and 

results are presented in this section. Key criteria used in this analysis are summarized in Table 24. 

Table 24: Assumptions for Economic Modelling 

Model Parameter Technical Input

Project Start Date 1-Feb-2015
Pre-Production Period 4 months
Mine Life 22 months
APT Price (US$/mtu) 325.00
Price received of APT price (%) 66.00
Concentrate Price – Ex Warehouse Beira (US$/mtu) 21.45
Royalty 3.5%
Discount Rate 10.0%

Rates for the costs of Procurement, and Construction Management (P&CM) are based on a firm 

proposal from SENET Engineering. Rates for insurance costs are set at 1% of pre production capital 

costs.  

Working capital changes assume 30 days outstanding on average for accounts receivable and 

payable.   

A mining royalty of 3.5% is due from the date of commencement of effective exploitation. The mining 

royalty is calculated on Revenue.  

The Project discount rate applied is 10%. An exchange rate of ZAR:US$ of 11 was used for the 

economic analysis. All costs (capital and operating) were adjusted to US dollars.  

 Capital intensity 15.2
The pre production capital requirement is US$4.146m, with working capital requirements increasing 

the peak Project funding to US$4.296m, producing a capital intensity factor (NPV/peak funding) of 

1.25. The Life of Mine capital, including sustaining capital is US$5.769m.  

 Cashflow Forecasts and Annual Production Forecasts  15.3
Table 25 shows monthly production and cash flow projections for the life of the Project. All 

production projections, ore grades, process plant recoveries and other productivity measures are 

based on information contained in the Consultants reports which are appended to this report.  
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 Results  15.4
The economic analysis results, shown in Table 25, indicate a net present value (NPV) for the Project 

at a 10% discount rate of US$5.4M with an internal rate of return (IRR) of 161% (pre tax). The 

payback period from start of production is 9 months. 

 

 Sensitivities 15.5
Various sensitivities were done to test the impact on NPV and payback period from the start of 

production measured in months: 

15.5.1 APT price (US$/mtu WO3) vs. % of APT price received 

Payback   250  275  300  325  350 

66%  15.0  13.0 11.0 9.0 8.0 

70%  13.0  11.0 9.0 9.0 8.0 

74%  12.0  10.0 9.0 8.0 7.0 

78%  11.0  9.0 8.0 7.0 5.0 

 

NPV (10)  250  275  300  325  350 

66%  0.7  2.3 3.8 5.4 7.0 

70%  1.6  3.3 5.0 6.6 8.3 

74%  2.6  4.3 6.1 7.9 9.6 

78%  3.5  5.4 7.2 9.1 11.0 

 

IRR  250  275  300  325  350 

66%  46%  81% 120% 161% 204% 

70%  67%  107% 149% 195% 243% 

74%  89%  133% 180% 231% 285% 

78%  112%  161% 212% 268% 328% 
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15.5.2 APT price (US$/mtu WO3) vs. Process recovery 

Payback  250  275  300  325  350 

78%  18.0  14.0 12.0 10.0 9.0 

83%  15.0  13.0 11.0 9.0 8.0 

85%  15.0  12.0 10.0 9.0 8.0 

90%  13.0  11.0 9.0 8.0 7.0 

 

NPV (10)  250  275  300  325  350 

78%  ‐0.2  1.3 2.7 4.2 5.7 

83%  0.7  2.3 3.8 5.4 7.0 

85%  1.1  2.7 4.3 5.9 7.5 

90%  2.0  3.7 5.4 7.1 8.8 

 

IRR  250  275  300  325  350 

78%  26%  59% 93% 130% 169% 

83%  46%  81% 120% 161% 204% 

85%  55%  92% 132% 175% 221% 

90%  76%  117% 162% 209% 260% 
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Table 25: Production, Cash Flow and Economic Results Summary   

 

 

Total Jan‐15 Feb‐15 Mar‐15 Apr‐15 May‐15 Jun‐15 Jul‐15 Aug‐15 Sep‐15 Oct‐15 Nov‐15 Dec‐15 Jan‐16 Feb‐16 Mar‐16 Apr‐16 May‐16 Jun‐16 Jul‐16 Aug‐16 Sep‐16 Oct‐16 Nov‐16 Dec‐16 Jan‐17 Feb‐17

Open pit mining

Ore tonnes 150 228               ‐                       ‐                   493                   4 233               8 001                   8 001               8 001               7 868               7 922               6 032               7 994               8 001               8 001               7 445               8 001               8 001                   8 001                3 967             7 257             5 421             5 643                 8 004             8 001               5 943              

Grade (Wo3) kg/t) 10.24                    ‐                        ‐                            ‐                       ‐                   10.69               10.94               10.11                   9.40                 9.33                 9.52                 10.85               2.73                 7.72                 11.36               10.83               8.05                 9.30                 11.53                   10.71               12.67             11.62             12.74             11.87                12.39             10.81              11.86             

Contained (Wo3) t 1 538                    ‐                        ‐                            ‐                       ‐                   5                       46                     81                         75                     75                     75                     86                     16                     62                     91                     87                     60                     74                     92                         86                     50                   84                   69                   67                      99                   87                    70                   

Strip ratio ‐                       ‐                   24                     4                       6                           9                       10                     10                     9                       13                     9                       10                     10                     10                     10                     9                           10                     20                   11                   15                   13                      10                   9                       1                      

Waste tonnes 1 443 508            ‐                        ‐                            ‐                       ‐                   11 643             16 291             44 890                 73 735             76 460             76 592             73 813             78 428             73 741             76 459             76 460             71 566             76 460             73 735                 76 459             77 768           77 203           79 039           76 092              76 457           72 231            7 986              

Total  Mined

Ore tonnes 150 228               ‐                        ‐                            ‐                       ‐                   493                   4 233               8 001                   8 001               8 001               7 868               7 922               6 032               7 994               8 001               8 001               7 445               8 001               8 001                   8 001                3 967             7 257             5 421             5 643                 8 004             8 001               5 943              

Grade (Wo3) kg/t) 10.24                    ‐                        ‐                            ‐                       ‐                   10.69               10.94               10.11                   9.40                 9.33                 9.52                 10.85               2.73                 7.72                 11.36               10.83               8.05                 9.30                 11.53                   10.71               12.67             11.62             12.74             11.87                12.39             10.81              11.86             

Contained (Wo3) t 1 538                    ‐                        ‐                            ‐                       ‐                   5                       46                     81                         75                     75                     75                     86                     16                     62                     91                     87                     60                     74                     92                         86                     50                   84                   69                   67                      99                   87                    70                   

Processing

Tonnes 150 228               ‐                        ‐                            ‐                       ‐                   493                   4 233               8 001                   8 001               8 001               7 868               7 922               6 032               7 994               8 001               8 001               7 445               8 001               8 001                   8 001                3 967             7 257             5 421             5 643                 8 004             8 001               5 943              

Grade (Wo3) kg/t) 10.24 0.00 0.00 0.00 0.00 10.69               10.94               10.11                   9.40                 9.33                 9.52                 10.85               2.73                 7.72                 11.36               10.83               8.05                 9.30                 11.53                   10.71               12.67             11.62             12.74             11.87                12.39             10.81              11.86             

Contained (Wo3) t 1 538                    ‐                        ‐                            ‐                       ‐                   5                       46                     81                         75                     75                     75                     86                     16                     62                     91                     87                     60                     74                     92                         86                     50                   84                   69                   67                      99                   87                    70                   

Plant Recovery 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8% 82.8%

Concentrate produced t 2 021                    ‐                        ‐                            ‐                       ‐                   7                       61                     106                      99                     98                     98                     113                   22                     81                     119                   114                   79                     98                     121                       113                   66                   111                91                   88                      130                 114                  93                   

Contained Wo3 t 1 273                    ‐                        ‐                            ‐                       ‐                   4                       38                     67                         62                     62                     62                     71                     14                     51                     75                     72                     50                     62                     76                         71                     42                   70                   57                   55                      82                   72                    58                   

Concentrate Grade % 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63% 63%

Revenue

Product price $/kg (wo3) 21.45 21.45                    21.45                       21.45                   21.45               21.45               21.45               21.45                   21.45               21.45               21.45               21.45               21.45               21.45               21.45               21.45               21.45               21.45               21.45                   21.45               21.45             21.45             21.45             21.45                21.45             21.45              21.45             

Revenue 27 312 694          ‐                        ‐                            ‐                       ‐                   ‐                   669 397           1 251 939           1 365 318       1 328 991       1 328 640       1 467 231       662 697           854 945           1 459 087       1 561 536       1 206 373       1 244 070       1 543 129           1 556 693        1 081 581     1 315 947     1 307 813     1 201 097         1 589 502     1 603 837       1 712 870      

Royalty 3.5% ‐                        ‐                            ‐                       ‐                   ‐                   23 429             43 818                 47 786             46 515             46 502             51 353             23 194             29 923             51 068             54 654             42 223             43 542             54 010                 54 484             37 855           46 058           45 773           42 038              55 633           56 134            59 950           

Management Fee 300 000               ‐                        ‐                            ‐                       ‐                   15 000             15 000             15 000                 15 000             15 000             15 000             15 000             15 000             15 000             15 000             15 000             15 000             15 000             15 000                 15 000             15 000           15 000           15 000           15 000              15 000           15 000            15 000           

Total Selling cost 1 285 944            ‐                        ‐                            ‐                       ‐                   15 000             38 429             58 818                 62 786             61 515             61 502             66 353             38 194             44 923             66 068             69 654             57 223             58 542             69 010                 69 484             52 855           61 058           60 773           57 038              70 633           71 134            74 950           

Operating Costs

Mining

O/P

Waste Mining 4 705 837            ‐                        ‐                            ‐                       ‐                   ‐                   ‐                   91 067                 146 341           489 635           249 691           240 631           255 675           240 397           249 258           249 258           233 305           249 258           240 376               249 258           253 524        251 681        257 666        248 060            249 248         235 475          26 033           

Ore Mining 636 967               ‐                        ‐                            ‐                       ‐                   ‐                   ‐                   20 036                 33 922             67 844             33 360             33 591             25 577             33 895             33 922             33 922             31 567             33 922             33 922                 33 922             16 822           30 771           22 986           23 927              33 936           33 922            25 198           

Mining fixed 844 100               ‐                   ‐                   ‐                   36 700                 110 100           73 400             36 700             36 700             36 700             36 700             36 700             36 700             36 700             36 700             36 700                 36 700             36 700           36 700           36 700           36 700              36 700           36 700            36 700           

Labour 1 966 657            ‐                        ‐                            ‐                       ‐                   89 394             89 394             89 394                 89 394             89 394             89 394             89 394             89 394             89 394             89 394             89 394             89 394             89 394             89 394                 89 394             89 394           89 394           89 394           89 394              89 394           89 394            89 394           

Processing 2 070 141            ‐                        ‐                            ‐                       ‐                   6 787               58 330             110 247              110 247           110 247           108 419           109 170           83 124             110 159           110 247           110 247           102 593           110 247           110 247               110 247           54 672           100 006        74 706           77 764              110 291         110 247          81 895           

Tailings 280 544               ‐                        ‐                            ‐                       ‐                   12 752             12 752             12 752                 12 752             12 752             12 752             12 752             12 752             12 752             12 752             12 752             12 752             12 752             12 752                 12 752             12 752           12 752           12 752           12 752              12 752           12 752            12 752           

G&A 543 448               ‐                        ‐                            ‐                       ‐                   24 702             24 702             24 702                 24 702             24 702             24 702             24 702             24 702             24 702             24 702             24 702             24 702             24 702             24 702                 24 702             24 702           24 702           24 702           24 702              24 702           24 702            24 702           

Transport 303 171               ‐                        ‐                            ‐                       ‐                   1 038               9 131               15 939                 14 819             14 723             14 759             16 941             3 248               12 165             17 923             17 080             11 810             14 666             18 184                 16 892             9 912             16 619           13 616           13 211              19 543           17 057            13 896           

Total operating Cost 11 350 866          ‐                        ‐                            ‐                       ‐                   134 673           194 309           400 837              542 277           882 697           569 776           563 880           531 172           560 163           574 898           574 055           542 823           571 642           566 277               573 866           498 478        562 625        532 522        526 510            576 566         560 248          310 570         

Total operating Cost  $/mtu 89.1                      ‐                        ‐                            ‐                       ‐                   309                   51                     60                         87                     143                   92                     79                     389                   110                   76                     80                     109                   93                     74                         81                     120                81                   93                   95                      70                   78                    53                   

Capital Costs

Open pit mining ‐ mobilization and re 147 338               ‐                        87 401                     ‐                       ‐                   ‐                   ‐                   ‐                       ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                       ‐                    ‐                 ‐                 ‐                 ‐                     ‐                 ‐                   59 937           

Plant 2 119 416            1 483 591            ‐                       635 825          

Plant commisioning 46 987                  ‐                   46 987            

Thickener 314 182               ‐                        ‐                            ‐                       ‐                   ‐                   ‐                   ‐                       157 091           157 091           ‐                  

Lab equipment 50 000                  25 000                 25 000            

Front end loader 90 735                  ‐                        ‐                            ‐                       ‐                   ‐                   90 735             ‐                       ‐                  

Tailings 225 242               ‐                        78 835                     99 106                 36 039             11 262             ‐                   ‐                       ‐                  

Earthworks and Civils 680 823               ‐                        183 822                   ‐                       ‐                   ‐                   170 206           170 206              156 589          

Access road  126 298               ‐                        31 574                     ‐                       ‐                   ‐                   31 574             31 574                 31 574            

Buildings and diesel storage 229 139               ‐                        26 616                     26 616                 26 616             26 616             ‐                   ‐                       ‐                   61 337             61 337            

Power 397 044               ‐                        104 744                   104 744               69 829             69 829             ‐                   ‐                       ‐                   23 948             23 948            

Water 92 754                  ‐                        23 189                     23 189                 23 189             23 189             ‐                   ‐                       ‐                  

Communication 6 630                    ‐                        ‐                            6 630                   ‐                   ‐                   ‐                   ‐                       ‐                   ‐                  

Firefighting 1 020                    ‐                        ‐                            1 020                   ‐                   ‐                   ‐                   ‐                       ‐                  

Procurement & CM Cost 449 382               ‐                        ‐                            ‐                       ‐                   ‐                   ‐                   ‐                       449 382          

Owner's cost 448 105               ‐                        98 352                     141 235               122 242           52 540             8 434               8 434                   8 434               8 434               ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                       ‐                    ‐                 ‐                 ‐                 ‐                     ‐                 ‐                   ‐                  

Indirect costs 41 011                  10 253                     10 253                 10 253             10 253            

VAT  0                            ‐                        82 070                     ‐21 689               ‐18 694           303 741           ‐300 286         ‐13 610               65 365             ‐35 712           ‐48 392           ‐12 793           ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                       ‐                    ‐                 ‐                 ‐                 ‐                     ‐                 ‐                   ‐                  

Sustaining Capital 150 625               11 203             11 498             11 481             10 856             11 433             11 326                 11 477             9 970             11 252           10 650           10 530              11 531           11 205            6 211              

Contingency 141 909               ‐                        31 973                     20 805                 14 724             24 872             33                     9 830                   35 567             2 900               1 845               ‐640                 ‐                   ‐                   ‐                   ‐                   ‐                   ‐                   ‐                       ‐                    ‐                 ‐                 ‐                 ‐                     ‐                 ‐                   ‐                  

Total Capital Cost 5 758 640            1 483 591            758 828                   436 910               945 022           522 302           47 684             206 434              904 003           217 998           38 737             ‐13 432           ‐                   11 203             11 498             11 481             10 856             11 433             11 326                 11 477             9 970             11 252           10 650           10 530              11 531           11 205            66 148           

Cash Flow 8 917 244            ‐1 483 591          ‐758 828                 ‐436 910             ‐945 022         ‐671 975         388 975           585 849              ‐143 747         166 780           658 625           850 430           93 330             238 655           806 622           906 345           595 471           602 453           896 517               901 866           520 279        681 011        703 868        607 018            930 771         961 250          1 261 201      

Peak funding requirement ‐4 296 327          ‐1 483 591          ‐2 242 419              ‐2 679 329          ‐3 624 352      ‐4 296 327      ‐3 907 351      ‐3 321 502         ‐3 465 249      ‐3 298 469      ‐2 639 844      ‐1 789 414      ‐1 696 083      ‐1 457 428      ‐650 806         255 540           851 011           1 453 464       2 349 981           3 251 846        3 772 125     4 453 137     5 157 004     5 764 022         6 694 794     7 656 043       8 917 244      

Pre production capital requirement 4 146 653            1 483 591            758 828                   436 910               945 022           522 302          

NPV at 10% (US$ Million) 5.4                       

XIRR 161%

RHA TUNGSTEN FINANCIAL MODEL ‐ IMPLEMENTATION STUDY January 2015
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EXECUTIVE SUMMARY 
Premier African Minerals (PREM) requested CAE Mining Africa (CAE Mining) to generate a 

geological and resource model of the RHA Tungsten Project in Zimbabwe. The target 

commodity is tungsten.  

In line with the project scope, CAE Mining has generated UPDATED geological and 

resource models for the RHA Tungsten Project. 

The geological model is made up of two lode systems: Lode 1 system (Lode 1E, Lode 

1W, Lode 1FE and Lode 1FW) and Lode 2 system (Lode 2E, Lode 2W, Lode 2HE and Lode 

2HW). These lodes are roughly east-west trending with sub-vertical dip (equivalent to 

85°) and are separated by north a trending fault. The geological and resource models 

are based on an updated and verified database composed of 2012 and 2013 drilling. All 

but one drill hole (RHA DD017) have intersected the lodes at depth, necessitating a 

depth extension up to 700 m as well as a lateral strike extent also of 700 m, based on 

geological continuity.  

A resource model has been declared only for the Lode 1 and Lode 2 systems. Only Lode 

2W and Lode 2HW have a Measured Resource category; the highest category 

classified in Lode 1W and Lode 1FW is Indicated Resource, while the lodes east of the 

fault have all been classified into the Inferred Resource category. The tonnage and 

diluted grade for all the lodes is summed up in the table below. 

CAE Mining is satisfied with the quality of the data and database used in the geologic and 

resource modelling process. There are no material issues that affect the confidence of 

the Resource Classification at this time. However, as more information becomes 

available the confidence of the in the Mineral Resource will increase. 
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Table 0-1: Resource Statement for all lodes at the RHA Tungsten Project 

 
Lode  Resource Category Volume Tonnes Density  WO3 (Kg/T) Thickness (m) 
1W MEASURED 

    
 

 
INDICATED    122 920     352 346  2.87 14.45 3.57 

 
INFERRED       68 620     196 072  2.86 13.42 3.71 

   
   548 418  2.86 14.08 3.64 

      
 

1E INFERRED    115 497     325 013  2.81 7.64 1.98 

   
   325 013  2.81 7.64 1.98 

      
 

1FW MEASURED 
    

 

 
INDICATED       84 470     239 760  2.84 7.06 6.50 

 
INFERRED       24 148        68 613  2.84 7.71 5.85 

   
   308 372  2.84 7.20 6.18 

      
 

1FE INFERRED       54 623     155 091  2.84 9.02 2.60 

   
   155 091  2.84 9.02 2.60 

      
 

2W MEASURED       72 505     206 424  2.85 5.78 2.52 

 
INDICATED    138 718     394 514  2.84 4.76 2.94 

 
INFERRED         8 472        24 060  2.84 3.97 3.52 

   
   624 999  2.84 5.07 2.99 

      
 

2E INFERRED       82 834     239 287  2.89 11.53 1.23 

   
   239 287  2.89 11.53 1.23 

      
 

2HW MEASURED       39 681     113 608  2.86 7.86 1.94 

 
INDICATED       86 221     247 284  2.87 6.62 2.38 

 
INFERRED       27 361        78 676  2.88 6.13 3.57 

   
   439 567  2.87 6.85 2.63 

      
 

2HE INFERRED       31 715        89 548  2.82 11.10 1.25 

   
      89 548  2.82 11.10 1.25 

  # Tonnes rounded off; thickness calculated 
 

 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page v  

 

Revision History 
REV DESCRIPTION ORIGINATOR DATE 

0 Draft B Chisonga  10 May 2014 

1 Draft G Evans 16 May 2014 

2 Draft B Cumming 14 August 2014 

3 Final B Chisonga 2 September 2014 

 

For additional information, contact Benny Chisonga at CAE Mining Africa, or at 

benny.chisonga@cae.com or +27 11 772 7960 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page vi  

 

Contents 
Certificate of qualified person(s) ....................................................................... ii 

Executive Summary ........................................................................................... iii 

1. Introduction .............................................................................................. 1 

1.1 Scope of Work ......................................................................................... 1 
1.2 Exclusions ............................................................................................... 2 
1.3 Liability .................................................................................................. 2 
1.3 Disclaimer ............................................................................................... 2 
1.4 Note on Authorship .................................................................................. 2 
1.5 Sources of Information ............................................................................. 3 

2. Property location and description ............................................................. 4 

3. Geological setting ..................................................................................... 6 

3.1 Regional tectonic setting ........................................................................... 6 
3.2 Local Geology .......................................................................................... 7 
3.3 Structural geology.................................................................................... 8 

4. Exploration history and review of data ..................................................... 9 

4.1 Exploration History ................................................................................... 9 
4.2 Data Collection regime ............................................................................ 10 

4.2.1 Drilling and Logging ......................................................................... 10 
4.2.2 Cleaning, packing, marking and presentation ....................................... 11 
4.2.3 Sampling ........................................................................................ 12 
4.2.4 Surveys and collar positions .............................................................. 14 
4.2.5 Downhole Surveys ........................................................................... 15 
4.2.6 Database ........................................................................................ 15 
4.2.7 Bulk Density .................................................................................... 15 

4.3 Data confidence ..................................................................................... 15 
5. Quality Assurance and Quality Control (QAQC) ....................................... 17 

5.1.1 Precision ......................................................................................... 17 
5.1.2 Bias and accuracy ............................................................................ 17 
5.1.3 Contamination ................................................................................. 17 

6. Geological modelling ............................................................................... 19 

6.1 Geological modelling Database ................................................................. 19 
6.2 Geological Model .................................................................................... 19 

6.2.1 Revised nomenclature ...................................................................... 19 
6.2.2 Current drilling and logging information .............................................. 19 
6.2.3 Structure ........................................................................................ 20 
6.2.4 Generation of the geological model ..................................................... 20 



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page vii  

 

7. Exploratory data analysis ........................................................................ 33 

7.1 Background ........................................................................................... 33 
7.1.1 Relationship between WO3 and Relative Density (RD) ............................ 33 

7.2 Statistics .............................................................................................. 34 
7.2.1 Lode 1E .......................................................................................... 34 
7.2.2 Lode 1W ......................................................................................... 35 
7.2.3 Lode 1FE ........................................................................................ 36 
7.2.4 Lode 1FW ....................................................................................... 36 
7.2.5 Lode 2E .......................................................................................... 37 
7.2.6 Lode 2W ......................................................................................... 38 
7.2.7 Lode 2HE ........................................................................................ 39 
7.2.8 Lode 2HW ....................................................................................... 40 

7.3 Composite statistics ............................................................................... 41 
8. Mineral resource estimates ..................................................................... 45 

8.1 Evaluation Database ............................................................................... 45 
8.2 Block Modelling, Estimation Method and Parameters ................................... 45 

8.2.1 Block modelling ............................................................................... 45 
8.2.2 Estimation method ........................................................................... 46 
8.2.3 Search parameters ........................................................................... 48 

8.3 Model Validation .................................................................................... 50 
9. Classification of Mineral Resources ......................................................... 54 

9.1 Resource Statement ............................................................................... 60 
10. Conclusions ............................................................................................. 61 

11. APPENDIX ............................................................................................... 63 

11.1.1 Laboratory QAQC control charts ......................................................... 63 
11.1.2 SGS Laboratory Results .................................................................... 63 
11.1.3 Drill pads and Strip logs .................................................................... 63 
11.1.4 Histograms and Log-probability plots .................................................. 63 
11.1.5 Certificate of Disclosure by CP ........................................................... 63 

 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page viii  

 

Table of Figures 
Figure 2.1: Map of Zimbabwe, showing major regions and transport network, and the 

link to Hwange in the north-west. ......................................................... 4 
Figure 2.2: Location of the RHA project in Zimbabwe ............................................... 5 
Figure 3.1: Regional geology of the Kamativi Belt (Du Plessis and Ingram, 2013) ........ 6 
Figure 3.2: Typical section of numbered at the RHA Tungsten project (Chisonga and 

Crossingham, 2013). .......................................................................... 7 
Figure 4.1: Image showing typical diamond core, cut lengthways in half and clearly 

marked ........................................................................................... 12 
Figure 6.1: Plan View of drillholes and trenches, and relationship with the fault ......... 21 
Figure 6.2: Isometric View of the Geological Models of Lode 1E (east of fault) and Lode 

1W (west of fault) ............................................................................ 25 
Figure 6.3: Isometric View of the Geological Models of Lode 1FE (east of fault) and Lode 

1FW (west of fault). The fault is hidden to show extent of 1FE ................ 26 
Figure 6.4: Isometric View of the Geological Models of Lode 2E (east of fault) and Lode 

2W (west of fault). ........................................................................... 29 
Figure 6.5: Isometric View of the Geological Models of Lode 2HE (east of fault) and 

Lode 2HW (west of fault). The fault is hidden to show extent of 2HE ........ 30 
Figure 6.6: Isometric View of the Geological Models of the RHA Tungsten Project ...... 32 
Figure 7.1: Scatter plot of WO3_KT and RD for all the lodes ................................... 33 
Figure 7.2: Distribution of raw data and RD – Lode 1E ........................................... 34 
Figure 7.3: Distribution of WO3 Data – Lode 1W .................................................... 35 
Figure 7.4: Distribution of raw data and RD – Lode 1FE ......................................... 36 
Figure 7.5: Distribution of WO3 Data – Lode 1FW .................................................. 37 
Figure 7.6: Distribution of raw data and RD – Lode 2E ........................................... 38 
Figure 7.7: Distribution of WO3 Data – Lode 2W .................................................... 39 
Figure 7.8: Distribution of raw data and RD – Lode 2HE ......................................... 40 
Figure 7.9: Distribution of WO3 Data – Lode 2HW .................................................. 41 
Figure 7.10: Distribution of Composited WO3 Data in Lode 1 system (Lode 1E, Lode 1W, 

Lode 1FE and Lode 1FW) ................................................................... 43 
Figure 7.11: Distribution of composited WO3 Data in Lode 2 system (Lode 2E, Lode 1W, 

Lode 2HE and Lode 2HW) .................................................................. 44 
Figure 8.1: Variograms for Lode 2W and Lode 2HW ............................................... 47 
Figure 8-2: Swath Analysis for Lode 2W ............................................................... 51 
Figure 8-3: Swath Analysis for Lode 2HW ............................................................. 52 
Figure 9-1: Resource Classification for Lode 1E and Lode 1W .................................. 56 
Figure 9-2: Resource Classification for Lode 1FE and Lode 1FW ............................... 57 
Figure 9-3: Resource Classification for Lode 2E and Lode 2W .................................. 58 
Figure 9-4: Resource Classification for Lode 2HE and Lode 2HW .............................. 59 
 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page ix  

 

Table of Tables 
Table 0-1: Resource Statement for all lodes at the RHA Tungsten Project ................. iv 
Table 4-1: Drill hole information for 2012 and 2013 drilling ................................... 10 
Table 6-1: Revised Nomenclature for Lode 2 and Lode 1 ....................................... 20 
Table 6-2: Vein intersections for Lode 1E ............................................................ 22 
Table 6-3: Vein intersections for Lode 1W ........................................................... 23 
Table 6-4: Vein intersections for Lode 1FE .......................................................... 24 
Table 6-5: Vein intersections for Lode 1FW ......................................................... 24 
Table 6-6: Vein intersections for Lode 2E ............................................................ 27 
Table 6-7: Vein intersections for Lode 2W ........................................................... 28 
Table 6-8: Vein intersections for Lode 2HE .......................................................... 28 
Table 6-9: Vein intersections for Lode 2HW ......................................................... 31 
Table 7-1: Basic Statistics for Lode 1E ................................................................ 34 
Table 7-2: Basic Statistics for Lode 1W ............................................................... 35 
Table 7-3: Basic Statistics for Lode 1FE .............................................................. 36 
Table 7-4: Basic Statistics for Lode 1FW ............................................................. 37 
Table 7-5: Basic Statistics for Lode 2E ................................................................ 38 
Table 7-6: Basic Statistics for Lode 2W ............................................................... 38 
Table 7-7: Basic Statistics for Lode 2HE .............................................................. 39 
Table 7-8: Basic Statistics for Lode 2HW ............................................................. 40 
Table 7-9: Composite Statistics for WO3 for all lodes ............................................. 42 
Table 8-1: Model Parameters for all Lodes ........................................................... 45 
Table 8.2 Variography results for Lode 2W and Lode 2HW .................................... 47 
Table 8-3: Search Parameters Used for Estimation ............................................... 48 
Table 8.4 Summary of estimation parameters – Lode 2W and Lode 2HW ................ 49 
Table 8.5 Summary of estimation parameters – other Lodes ................................ 49 
Table 8.6 Comparison of estimated model data with composite data ..................... 53 
Table 9-1: Resource Statement for the RHA Tungsten Project ................................ 60 
Table 10-1: Resource Statement for all lodes at the RHA Tungsten Project ................ 62 
 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                 Page x  

 

Abbreviations / Acronyms / Definitions 
Term Definition 

Qualified Person (a) An engineer or geoscientist with at least five years’ experience in 

mineral exploration, mine development or operation or mineral 

project assessment, or any combination of these 

(b) Has experience relevant to the subject matter of the mineral 

project and the technical report, and 

(c) Is in good standing with a professional association 

COV Coefficient of Variation  

Cu copper 

Dip The angle that a structural surface, i.e. a bedding or fault plane, 

makes with the horizontal measured perpendicular to the strike of 

the structure 

Drillhole 

 

A hole usually drilled from surface but also from underground, in 

which the core of the rock strata is cut by a diamond-impregnated 

bit or crown as the cutting edge. This core can be studied and split 

with one half being sent for the determination of any contained 

metals (called assaying) 

Exploration Prospecting, sampling, mapping, diamond drilling and other work 

involved in the search for mineralisation 

Fault A fracture in earth materials along which the opposite sides have 

been relatively displaced parallel to the plane of movement 

Faulting The process of fracturing that produces a displacement 

FeWO4 wolframite 

Grade The quantity of metal per unit mass of ore expressed as a 

percentage or, for gold, as grams per tonne of ore 

Inferred Mineral 

Resource 

That part of a mineral resource for which tonnage, grade and 

mineral content can be estimated with a low level of confidence. It 

is inferred from geological evidence and assumed but not verified 
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Term Definition 

geological and/or grade continuity. It is based on information 

gathered through appropriate techniques from locations such as 

outcrops, trenches, pits, workings and drillholes that may be limited 

or of uncertain quality and reliability. An Inferred Mineral Resource 

has a lower level of confidence than that applying to an Indicated 

Mineral Resource 

IPD Inverse Power of Distance  

kg/t kilogram per tonne 

Mean Average 

Mineral Resource A concentration (or occurrence) of material of economic interest in 

or on the earth’s crust in such form, quality and quantity that there 

are reasonable and realistic prospects for eventual economic 

extraction. The location, quantity, grade, continuity and other 

geological characteristics of a mineral resource are known, 

estimated from specific geological evidence and knowledge, or 

interpreted from a well-constrained and portrayed geological model. 

Mineral resources are subdivided in order of increasing confidence in 

respect of geoscientific evidence into Inferred, Indicated and 

Measured categories (SAMREC definition). 

Mineralisation The presence of a target mineral in a mass of host rock 

Mineralised Area Any mass of host rock in which minerals of potential commercial 

value occur 

Ore Body A continuous, well-defined mass of material of sufficient ore content 

to make extraction economically feasible 

ppm parts per million 

QAQC Quality Assurance and Quality Control  

RD Relative density (also known as specific gravity). This is a measure 

of the density of a material. It is dimensionless, equal to the density 

of the material divided by some reference density (most often the 
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Term Definition 

density of water but sometimes the air when comparing to gases) 

Sampling Taking small pieces of rock at intervals along exposed mineralisation 

for assay (to determine the mineral content) 

SAMREC Code The South African code for the reporting of exploration results, 

mineral resources and mineral reserves 

Tonnage Quantities where the tonne is an appropriate unit of measure; 

typically used to measure reserves of gold-bearing material in situ 

or quantities of ore and waste material mined, transported or milled 

WO3 tungsten tri-oxide 
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1. INTRODUCTION 
Premier African Minerals (PREM) is a London-listed mining company (LON: PREM) with 

mining and exploration interests in Africa. Their flagship exploration project is the RHA 

Tungsten Project, located approximately 270 km northwest of Bulawayo in Zimbabwe. 

The target commodity is tungsten, expressed as WO3 (tungsten tri-oxide) or (Fe, Mn) 

WO4 (wolframite). 

PREM requested CAE Mining Africa (CAE Mining) to update the previous Mineral Resource 

on the RHA Tungsten Project. This report was produced by CAE Mining and signed off by 

Extract Consultancy on 19 July 2013. This aforementioned Resource focussed only on 

Lode 2 of the RHA Tungsten Project. However, additional exploration information has 

recently become available prompting an update of the lode 2 portion of the RHA 

Tungsten Resource.  

1.1 Scope of Work 

The primary objectives of the technical report are to: 

• Integrate the latest exploration information to generate an updated geological 
model 

• Based on the re-interpreted geological model, to generate an updated resource 
model 

• Investigate whether the latest information can lead to an increase in confidence 
in the geological and resource mode 

In order to address the scope of work, the technical report focused on re-interpreting the 

geology based on the 2013 drilling and logging information with the latest exploration 

information. Historical information acquired when PREM took over the property was only 

used nominally as a reference but was not included in the geological or resource models. 

The primary outcome of this work is a technical report that encompasses the geological 

and resource model. 
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1.2 Exclusions 

The following items are not part of this study: 

1. Legal aspects, including security of tenure 

2. CAE Mining followed all industry norms and standards in generating the geological 

and resource models, and along with the QP signs off to that effect.  

1.3 Liability 
CAE Mining warrants that it has performed the services required by its Client (PREM 

African Minerals) in a good and workmanlike manner. The models produced in this report 

are based on current geological interpretations by CAE Mining and the expert advice 

provided by PREM. The Client is hereby advised that any conclusions and 

recommendations by CAE Mining must be reviewed and approved by it, and that any 

action taken by the Client thereon and any outcome thereof are entirely the 

responsibility of the Client. Without limiting the generality of the foregoing, to the fullest 

extent allowable by applicable law, CAE Mining shall in no event have any liability for 

indirect, consequential, incidental, punitive, exemplary or special damages (in tort, 

contract or otherwise) under or in respect of this Technical Report. These limitations 

apply for all claims related directly or indirectly to this report, including contract 

warranty, indemnity, tort (including negligence), and strict liability. 

1.3 Disclaimer 

CAE Mining states that the current project is not a Due Diligence. CAE Mining has relied 

on information, electronic communication and technical experts supplied by PREM.  

CAE Mining has not undertaken a site visit to the RHA Tungsten Project. Consequently, 

its interpretation of the geology is informed by the aforementioned information and 

reliance on experts. CAE Mining is aware that even though its opinion is informed by the 

current information, other information impacting on the project may arise as current 

mining studies are completed and as new geological information becomes available.  

1.4 Note on Authorship 
CAE Mining is a wholly owned subsidiary company of CAE. CAE is a Canadian-listed 

company with some 8,000 employees. CAE Mining has a global footprint with offices on 
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all continents. CAE Mining has three business units: Simulation and Training, Software 

and Consulting. CAE Mining has over 100 consultants globally specialising in various 

fields of geology and mining engineering. 

The contributors to this report are as follows: 

Benny Chisonga – (PhD, Geology; SACNASP 400028/11): Overall responsibility for 

the geological and resource model as well as the technical input to the relevant portions 

of the Technical Report. 

Gerard Evans (BSc. Hons., SACNASP 400015/08): As Project Manager responsible 

for the RHA Tungsten Project from CAE Mining’s side and technical peer review of this 

Technical Report. 

Bruce Cumming (BSc. Hons., SACNASP 400015/08): As Qualified Person (QP) for the 

RHA project and the PREM representative who worked closely CAE Mining and provided 

technical input and peer review to the relevant portions of the Technical Report. 

 

Independence is assured by the fact that no CAE Mining staff involved in this report 

holds any equity in the Client or its subsidiary or associated companies, nor do these 

parties have a direct or indirect interest in the project that is the subject of this report. 

This permits provision of conflict-free and objective recommendations on crucial 

judgement issues. 

Fees for the preparation of this report are being charged at standard rates with expenses 

reimbursed at cost. Payment of fees and expenses is in no way contingent upon the 

conclusions drawn in this report. 

1.5 Sources of Information 
In addition to information acquired from the data provided by PREM, CAE Mining also 

had discussions and sign-offs with the following key person: 

Person Role/Discipline Company 
Bruce Cumming Project QP & Lead Premier African Minerals 
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2. PROPERTY LOCATION AND DESCRIPTION 
The RHA Project is located in the Matabeleland North province of Zimbabwe, about 20 

km south-east of Hwange and 270 km north of Bulawayo, the provincial capital (Figure 

2.1). The whole country is well connected by a network of roads and railways, with links 

to other countries. 

 

Source: University of Texas Library (http://www.lib.utexas.edu/maps/zimbabwe.html) 

Figure 2.1: Map of Zimbabwe, showing major regions and transport network, 
and the link to Hwange in the north-west. 
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The project covers 1,800 ha land holding and is located close to other properties owned 

by PREM in the north-western part of Zimbabwe (Figure 2.2). It is accessible to 

Bulawayo by means of tar road, while the railway line running from Bulawayo to Hwange 

is within a 50 km radius. Du Plessis and Ingram (2013) report that the project is 

comprised of 50 Mineral Claim Blocks, consisting of 10 owned by PREM and 40 which are 

under option. 

 

 

Source: Du Plessis and Ingram, 2013 

Figure 2.2: Location of the RHA project in Zimbabwe 

The historic RHA Mine is on low ridge of approximately 850 m long and 350 m wide 

standing about 80 m above its surroundings. Evidence of historic mine workings 

(trenches, pits, pegs shafts etc.) is visible on the ridge and surrounding area (Du Plessis 

and Ingram, 2013). 
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3. GEOLOGICAL SETTING 

3.1 Regional tectonic setting 
The geology of Zimbabwe is dominated by Archean rocks which are overlain, in the 

northwest, by Proterozoic and Phanerozoic metamorphic and sedimentary rocks, in the 

area of the RHA Tungsten project (Figure 3.1). In this area, phyllites, quartzites and 

gneisses are the dominant rocks. 

Du Plessis and Ingram (2013) report that the host country-rock comprises high-grade, 

strongly foliated biotite schists and paragneisses of the Precambrian Dete Inlier 

belonging to the Tshontada Formation. The formation trends northeast on a regional 

scale, paralleling the trend of the Kamativi Inlier, and dips steeply to the northwest 

(Figure 3.1). 

 

Figure 3.1: Regional geology of the Kamativi Belt (Du Plessis and Ingram, 
2013) 
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3.2 Local Geology 
Du Plessis and Ingram (2013) provide a concise geological description of the RHA Tungsten 

project and surrounds.  

 

In the project area, the tungsten-bearing rocks occur as sub-vertical parallel lodes and veins 

that occur within an envelope that may be extensive over a strike of approximately ~1 km.  

The lodes have a northeast – southwest strike, parallel to the regional trend of Kamativi 

Inlier. Tungsten mineralisation occurs in quartz veins and shear zones in a sequence of 

quartz-tourmaline and pelitic (quartz-biotite-garnet) schists that may be intruded by later 

granitic intrusions. The primary tungsten mineral of economic interest is wolframite 

((Fe,Mn)WO4). 

 

Seven lodes were historically recognized at the RHA Tungsten Project, and were modelled as 

such by CAE Mining previously (Chisonga and Crossingham, 2013). These lodes were 

numbered, in order from north to south, as Lode 1 to Lode 7. These lodes are steeply dipping 

to the northwest at 80° to 90° (Figure 3.2).  

 

  

Figure 3.2: Typical section of numbered at the RHA Tungsten project 
(Chisonga and Crossingham, 2013). 
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3.3 Structural geology 
It is believed that the lodes have developed along planes of weakness that opened up above 

the apex of a granite intrusion. The tourmaline lodes later underwent brittle deformation 

allowing the emplacement of quartz veins (Du Plessis and Ingram, 2013). A later phase of 

deformation caused shattering of the tourmaline schist and shearing of the quartz veins. 

 

A number of structures were historically mapped, and at least three prominent structures 

were postulated, although it is not known how these have impacted the mineralization. 
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4. EXPLORATION HISTORY AND REVIEW OF DATA 

CAE Mining’s review of the exploration history and the current data collection regime is 

informed by previous reports (e.g. Du Plessis and Ingram (2013) and Chisonga and 

Crossingham (2013)) and its own analysis.  

4.1 Exploration History 

The RHA Mine, precursor to what is now known as the RHA Tungsten project, was in 

production during the early part of the 20th century. The production history is well 

summarized by Du Plessis and Ingram (2013). Based on available data, is appears that 

for almost 100 years, the RHA mine has gone through different owners, from the early 

1900s when Bechuanaland Exploration Co. first pegged the property to the late 1970s 

when Falconbridge (Blanket Mines) undertook exploration and mining which consisted of 

detail underground channel sampling of the developed areas from previous workers and 

further open pit mining of the existing open pit. All work came to a premature end due 

to security concerns and was never re-started in the post-1980 Independence era.  

However, it was only in the late 2000, that the start of exploration using modern exploration 

methods was applied to the project. In 2008, Arcadia Energy and Mining listed resource 

number of 250,000 tons of lode carrying 1.1% WO3 may be present below the 926 m level 

and above the 846 m level, of which 86,000 tons may carry 2.2% WO3. 

 

The most recent exploration activity on the project was in 2012 when PREM completed a 

1,302.02 m diamond drilling programme in January 2012, which consisted of five holes 

(DD002 – DD006) inclined at -45 degrees. From this data initial geological models for all the 

lodes, and a resource model for only Lode 2, were generated Chisonga and Crossingham 

(2013).  

 

Drilling for the present work was completed on 18 December 2013 by PREM with 12 inclined 

diamond drill holes totalling 1,300.7 m. Geological logging and sampling of the mineralised 

intersections followed thereafter. This, combined with the results of the 2012 drilling by 

PREM, forms the basis of the present work. 
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4.2 Data Collection regime 
The 2012 and 2013 drilling programme were both overseen by PREM and no information was 

supplied to CAE Mining on the logging and sampling procedures other than databases  

CAE Mining was asked by PREM to produce a resource estimate based on a validated 

database for the RHA project, supplied by PREM.  Although CAE Mining has carried out 

reasonable checks on the data provided in consultation with PREM, it does not take 

responsibility for the accuracy or completeness of the data provided – this is retained by 

PREM.  

4.2.1 Drilling and Logging 

Information from the current drillholes (2012 and 2013 drilling) exists as drillhole logs (Table 

4-1. In 2013, five trenches were also logged and sampled, and included in the database. 

Table 4-1: Drill hole information for 2012 and 2013 drilling 

BHID EASTING NORTHING ELEVATION AZI_TN DIP EOH YEAR 
RHADD02 460923 7953563 927 152 -45 251 2012 
RHADD03 460999 7953640 930 157 -45 300 2012 
RHADD04 461108 7953690 927 172 -45 251 2012 
RHADD05 461233 7953772 929 192 -45 251 2012 
RHADD06 461384 7953761 924 182 -45 250 2012 
RHADD07 460922 7953564 927 152 -70 125 2013 
RHADD08 460999 7953641 930 157 -65 140 2013 
RHADD09 461108 7953690 927 172 -60 170 2013 
RHADD10 461043 7953668 928 157 -45 130 2013 
RHADD11 461043 7953669 928 157 -60 160 2013 
RHADD12 460956 7953613 928 152 -45 100 2013 
RHADD13 460955 7953614 928 152 -65 137 2013 
RHADD14 460882 7953538 928 152 -45 60 2013 
RHADD15 460881 7953538 928 152 -65 115 2013 
RHADD16 461066 7953611 949 157 -45 45 2013 
RHADD17 461114 7953649 945 172 -45 60 2013 
RHADD18 461147 7953676 942 172 -45 60 2013 
TR02a 460923 7953563 927 172   20  15 2013 
TR03 460999 7953640 930 153 15 80 2013 
TR04 461108 7953690 927 171 26 105 2013 
TR05 461233 7953772 929 188 5 160 2013 
TR06 461384 7953761 924 174 8 115 2013 
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The log sheets for both phases of drilling are complemented by pictures of core, which CAE 

Mining has sighted. However, CAE Mining is informed that half sections of core, and in some 

cases complete sections of core, are available for visual validation. CAE Mining has not 

undertaken a site visit to visually inspect the core against the logging sheets. 

The logs are detailed recordings of information on lithology, vein, thickness etc. Detailed 

geologic information has been added as updates to the logs at some time during and after 

their original generation. Core recoveries and RQD values are generally good, especially in 

mineralised areas were 100% recovery was achieved. The Core recovery values are stored in 

the RHA Drill Database. 

CAE Mining’s observations are that a nominal number of potentially mineralized portions of 

core have not been logged as such. CAE Mining recommends that these be carefully logged 

as there could be potential upside if these were included in the geological model. 

4.2.2 Cleaning, packing, marking and presentation 

In both drill programmes, the core diameter varied according to ground conditions; in 2012 

the boreholes were collared PQ size reducing to HQ and then to NQ as required. The borehole 

collars were not left with the casing in, nor were they capped (Du Plessis and Ingram, 

2013).They were subsequently capped and sealed upon completion of the 2013 drill 

programme.  In the 2013 drill programme. Holes were drilled PQ through the overburden and 

then continued in HQ until stable ground conditions were encountered at which time the hole 

was reduced to NQ. All holes were completed to NQ specifications. The 2012 and 2013 

borehole collars have been cemented, beaconed and surveyed, and can be validated, if need 

be. 

Drilling and core handling was supervised by PREM personnel. The core was packed into 

metal core trays onsite with plastic core block markers after each core run, inserted into the 

core tray and marked with the hole depth using indelible marker pens.  The core trays were 

later transported to a secure facility at Bulawayo rented by PREM. 
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Figure 4.1: Image showing typical diamond core, cut lengthways in half and 
clearly marked 

 

4.2.3 Sampling 

2012 programme: These procedures were supervised by PREM personnel. 

• The core was cut by diamond saw, first into halves and then one half was cut into 

quarters. 

• The quarter core was sampled from core block marker to core block marker, i.e. 

approximately representative of 3 m lengths. 

• Samples were assigned unique sample numbers from printed ticket books. 

• The core was placed in clear plastic bags and stapled closed with one ticket in the bag 

and the other ticket stapled on the outside. The ticket stub remains in the ticket book. 

• Samples were then placed in thick woven plastic bags which were marked up and tied 

closed. 
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• Samples were inspected by the Zimbabwean Government Engineer and certified for 

export. 

• The samples were transported in a number of individual batches to SGS Lakefield (SGS) 

in Johannesburg by a road-use courier. As no on-site laboratory is present at this stage, 

the project is still in the exploration phase, thus the samples were sent to SGS, which is a 

well-recognized laboratory with the relevant ISO and SANAS certification. 

• At SGS, the core samples were weighed, crushed and milled following their standard 

procedures. 

• All samples were assayed for tungsten (W) and copper (Cu) using a variety of different 

XRF methods to establish best technique. 

• From these tungsten assays, a second more detailed core sampling programme was 

conducted. Areas of core with elevated tungsten were then logged and sampled in detail. 

• Coarse and fine grained quartz blank samples obtained from AMIS in Johannesburg were 

alternatively inserted every 10th sample while every 10th sample was accompanied by one 

of two certified reference material (CRM) obtained from Geostats in Australia – see 

Appendix 11.1.4 for their certificates. 

• During this round of sampling, half cores were submitted for assay. 

• Sample marking and bagging followed the procedures as detailed above. 

• These samples were sent to SGS for sample preparation followed by tungsten (W%) and 

copper (Cu%) assays using standard lithium borate fused disc XRF. 

2013 programme. The drill procedures were as follows. All core-handling and sampling was 

done under the supervision of PREM personnel. 

• After zones of wolframite mineralisation were identified and logged, the core was cut in 

half with a core saw. 

• Half core samples were assigned unique sample numbers from printed ticket books. 
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• The half cores were placed in clear plastic bags and stapled closed with one ticket in the 

bag and the other ticket stapled on the outside. The ticket stub remains in the ticket 

book. 

• Samples were then placed in thick woven plastic bags which were marked up and tied 

closed. 

• Samples were inspected by the Zimbabwean Government Engineer and certified for 

export. 

• Sample numbers were allocated for the QAQC reference materials. These reference 

materials were inserted into the sample stream at SGS after inspection by PREM 

personnel. 

• Fine grained quartz blank samples obtained from AMIS in Johannesburg were 

alternatively inserted every 20th sample while rounded pebbles from a garden nursery 

were purchased and used as coarse blanks and inserted every 20th sample. Every 10th 

sample was accompanied by one of two certified reference material (CRM) obtained from 

Geostats in Australia – see Appendix 11.1.4 for their certificates. 

• The samples were transported in one batch to SGS Lakefield (SGS) in Johannesburg by 

airfreight.( As no on-site laboratory is present at this stage, the project is still in the 

exploration phase, thus the samples were  sent to SGS). 

• At SGS, the core samples were weighed, crushed and milled following their standard 

procedures. 

• All samples were assayed for tungsten (WO3%) and copper (Cu%) by lithium borate 

fused disc XRF. 

4.2.4 Surveys and collar positions 

Mr. P Drysdale, L.S (Botswana), Pr.L.S. (SA) (PLS1228), of Drysdale and Associates, 

Francistown, Botswana conducted 2 detailed surveys at RHA. The survey was based on the 

UTM 35S ARC 1950 (Clarke 1880) system, with control points sited at existing beacons. In 

both the 2012 and 2013 drilling campaigns, the same surveyor was used.  
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All collar position and trench localities were surveyed as was a number of data points that 

were used to create a DTM of the immediate area. 

Trench survey data which was not available in the in the 2012 drilling campaign is now 

incorporated and accurately surveyed. No transposition errors were found . 

4.2.5 Downhole Surveys 

Downhole surveys were not carried out in the 2012 drilling, but have been included in the 

2013 campaign. The 2012 drilling assumed that the holes had the same inclination as 

planned (see Table 4-1). 

In the 2013 campaign, downhole dip and azimuth measurements were taken every 30 m 

downhole. A Flex-It downhole tool was used. 

4.2.6 Database 

The RHA Tungsten Project database is hosted in a Microsoft Excel database for all project 

information.  Multiple versions of the database exist, but these are clearly defined and distinct 

and under the control of the Project QP. CAE Mining found some transposition and duplicate 

errors in the initial databases, but these were corrected in consultation with PREM. The latest 

database (RHA drill database 8) was used in the current project.   

RHA drill database 8 contains geological, assay, density, collar and survey information for the 

drillholes and the trenches. Also included in the database are survey data for the topography 

and limited quality assurance and quality control (QAQC) data. 

4.2.7 Bulk Density 

Density was determined by means of a Density Scale onsite using the weight-in-air and 

weight-in-water method. A representative half core from each sample submitted for 

assay was measured, and in some cases the whole half core. 

4.3 Data confidence 
In determining its confidence in the data collected by PREM, CAE Mining focussed on the data 

collection regime. CAE Mining placed the data at a relatively good level of confidence for the 

following reasons:   
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• A nominal number of inconsistencies exist in the description of lithologies in the 

geology logs. Consequently some potentially mineralized portions have not been 

sampled. 

• The database has been stored in Excel spreadsheets which are prone to inadvertent 

errors.  Some database errors highlighted include duplicates and transposition errors.  

• The 2012 drillholes have no downhole survey information 

CAE Mining noted that highest confidence in the data can be achieved by the following: 

• A thorough re-log of holes which have un-sampled areas and updating the database.   

• CAE Mining recommended that one drillhole of the 2012 drillholes (i.e. 1 out of 5 

drillholes) will need to be surveyed for downhole deviation. In CAE Mining’s opinion 

this would then ensure that the assumption that the holes have consistent dip is valid. 

• Undertaking downhole surveying on if the results are positive then there would be no 

need to survey the other five holes 

• PREM should store their data in a secure and industry standard database 

management system in order to satisfy the requirements for a signed-off Mineral 

Resource.  
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5. QUALITY ASSURANCE AND QUALITY CONTROL 
(QAQC) 

 
Quality assurance and quality control (QAQC) is a routine requirement for attaching 

confidence to a Mineral Resource to comply with the requirements of the SAMREC (2007) 

codes. 

A robust QAQC process takes into account blanks, duplicates and certified reference materials 

(CRMs) which, respectively, help to determine the contamination, precision and accuracy of 

the laboratory during the sample preparation and analysis process. 

The QAQC procedure was under the supervision of the Project QP, and the relevant QAQC 

control charts are shown in Appendix 11.1.1 

5.1.1 Precision 

No duplicate samples were submitted.  

5.1.2 Bias and accuracy 

CRMs were inserted by PREM, but SGS also introduced their own standards. The relevant 

QAQC control charts as well as CRMs from Geostats Pty Ltd (GW 02 and GW 03) are shown in 

Appendix 11.1.1 

During the the 2012 campaign the inserted CRMs showed good control on the system with 

the majority of the sample falling within 2-Z of the accepted value. There is a bias to lower 

values reported by SGS versus the accepted values. 

The CRM data for the 2013 programme shows a stronger negative bias. More work has to be 

done to check that the CRMs are still satisfactorily homogenised. 

5.1.3 Contamination 

Silica blanks, both coarse and milled, were sourced from AMIS, Johannesburg and tungsten 

CRMs (GW-02 & GW-03) from Geostats, Australia and used in the 2012 programme while in 

the 2013 programme, large quartzite pebbles were obtained from a garden nursery and used 
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in the stead of the coarse blanks from AMIS. These were inserted into the sample stream in a 

logical sequence in both programmes and accounted for about 15% of the samples submitted 

for analysis. 

All the blanks returned acceptable value for both drilling campaigns. Therefore, it is concluded 

that the data used in the generation of the present Mineral Resource estimate is free of 

contamination. 

The control plots for the coarse and milled silica blanks are shown in Appendix 11.1.1. Blank 

silica standard (AMIS 0350 and AMIS 0305) are also attached.)  
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6. GEOLOGICAL MODELLING 
6.1 Geological modelling Database 

The PREM MS Excel database, based on drilling information from 2012 and 2013 drilling, 

was used for geologic modelling. This updated database records all relevant drilling and 

surveying and sampling information for the lodes under investigation. CAE Mining 

believes the database appropriately represents the data and the quality is considered 

appropriate for the geologic modelling procedures reported in this document. 

6.2 Geological Model 

6.2.1 Revised nomenclature 

As previously described by Chisonga and Crossingham (2013), historically, seven lodes 

were recognized at the RHA Tungsten Project (see also, Chapter 1). Some of these were 

mapped and stoped whereas the depth of others was postulated. The characteristics of 

these lodes are described by Du Plessis and Ingram (2013).  

The current geological model (2014) is based only on geological information obtained in 

2012 and 2013 drill programmes and does not integrate the historic mine data. Also, 

notably, the latest (2013) drilling has necessitated a re-interpretation of the geological 

model that was generated by CAE Mining in 2013. Even though seven lodes were 

modelled in 2013, the resource model was only based on Lode 2, with the other lodes 

ignored.  

In order to allow for the revised geological interpretation Lode 2 (previously Lode 2A and 

Lode 2B) has been renamed as shown below. A new lode system (Lode 1) has also been 

modelled (Table 6-1).  

6.2.2 Current drilling and logging information 

CAE Mining used the logging, survey, location and assay information from the database 

provided by PREM to produce drillholes in 3D space. The location of the drillholes is 

shown in Figure 6.1. The drillhole legend is coded on the WO3 value to show area of 

potential mineralisation.  
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Table 6-1: Revised Nomenclature for Lode 2 and Lode 1 

Previous Lode name New Lode name Description System 
 

Lode 2A 
Lode 2W Lode 2 West  

 
Lode 2 
System 

Lode 2HW Lode 2 Hanging wall West 
 

Lode 2B 
Lode 2E Lode 2 East 
Lode 2HE Lode 2 Hanging wall East 

 
 

New Lodes 

Lode 1W Lode 1 West  
 

Lode 1 
System 

Lode 1E Lode East 
Lode 1FW Lode 1 Footwall West 
Lode 1FE Lode 1 Footwall East 

 

6.2.3 Structure 

A number of structures were interpreted from underground workings and reef data. 

However, not all of these could be definitely proven at depth; neither were they 

intersected by current drilling, and have not been included in the current modelling. One 

fault however, has been interpreted based on the current understanding of the field 

geology.  

The fault (Figure 6.1) is a linear, slightly flexured, northwest – southeast trending 

structure that bisects the lodes into half. The nomenclature of the Lodes 1 and 2 (Table 

6-1) is based on their relationship with the fault. Where geologic continuity can be 

proved, the geologic models are extended up to the fault. 

6.2.4 Generation of the geological model 

The geological model was underpinned by the aforementioned drillhole information. Even 

though the current model is based only on Lodes 1 and 2, drilling has proved that the 

other lodes (e.g. lodes 4, 5 and 7) are continuous at depth. 

The five drillholes from the 2012 campaign were drilled from the northern side of the 

project to intersect the deposit at approximately 45°. The objective was to intersect and 

sample the mineralised Lode 2 at depth. The drillhole spacing then was ~ 100 m. 

Similarly, the later 12 drillholes in 2013 were drilled in the same location as, infill drilling 

to confirm the intra-drillhole geological continuity at a spacing of ~ 30 m as well as to 

confirm the continuity laterally and at depth. Consequently, the drillhole spacing in the 

west (relative to the fault) ranges from 30 m to 50 m. 
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In the east, the drillhole spacing is still 170 m, just like in the 2012 drilling. No drillhole 

was added during the 2013 drilling programme, although the sampling and surveying of 

the trenches confirmed the continuity of mineralization at the surface. 

In both the east and west, the geological model of the lodes were extended laterally to 

distances equivalent to half the drillhole spacing (i.e. ~80 m) as allowable for in the 

SAMREC (2007) code. This translates to a strike length of ~700 m for both Lodes 1 and 

Lode 2. The deepest parts of the geological model go to ~700 m above mean sea level 

(amsl) (i.e. 75 m beyond the deepest mineralized intersection).  

 

Figure 6.1: Plan View of drillholes and trenches, and relationship with the 
fault 
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Inclined drilling was undertaken on nine (9) ‘drill pads’ (Figure 6.1). Seventeen (17) out 

of the 18 drillholes intersected mineralisation. In the drillholes, the location of the lode 

intersections was governed by lithology, as well as grade.  

• Lithology: The host rock is dominantly pelitic schist, variably altered with 

subordinate pegmatites and quartz veins. However, the target lithology is 

Wolframite bearing quartz vein with Tourmaline schist.  

• Grade: Wolframite (WO3) grades range from detection values (0.3 Kg/t) to high 

grades of 359 Kg/t. CAE Mining used a cut-off of 1 Kg/t as basis for the model 

• Veins: All mineralized intersections were coded as veins (i.e. veins A to K) based 

on grade WO3 intersections as well as presumed geological continuity. These were 

used to complement the lithology in defining the geological model. 

Based on the relationship with the fault, two lode systems were model incorporating the 

new Lode 1 (Lode 1E, Lode 1W, Lode 1FWW and Lode 1 FWE, and a re-interpreted Lode 

2 (Lode 2E, Lode 2W, Lode 2HWW and Lode 2HWE). These are described further below. 

Lode 1E: This lode is found in the northernmost part of the RHA Tungsten project and 

east of the fault (Figure 6.2). It is modelled from intersections in the drillholes RHADD 

05 and RHADD 06, with prominent intersected grades of 55 Kg/t and 128 Kg/t 

respectively. CAE Mining has proved the geological continuity at surface by correlating 

with the trench data (TR05). The lode has an average thickness of 1.5 m. However, the 

individual intersections of the veins are shown in Table 6-2, as well as in the Appendix as 

Drill Pad sections and Strip logs (Appendix 11.1.2).  

Table 6-2: Vein intersections for Lode 1E 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

8 TR05 1E - - - - 

8 RHAD005 1E 2.02 2.88 A 0.25 

8 RHAD005    B 0.23 

8 RHAD005    C 0.22 

8 RHAD005    D 0.34 

9 RHAD006 1E 1.01 1.31 A 0.12 
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In drillhole RHADD 05 four (4) veins comprise the lode with a thickness range of 0.22 – 

0.34 m (Table 6-2). In RHADD 06, only a single intersection (0.12 m) is used to model a 

lode of 1.01 m width. 

Lode 1W: This lode is modelled as a continuous, sub-vertical western equivalent of Lode 

1E (Figure 6.2). The location of this lode is underpinned by drillhole data, with 

intersections in eight (8) of the 18 boreholes (i.e. RHADD 02, RHADD 07, RHADD 15, 

RHADD 12, RHADD 08, RHADD 10, RHADD 11 and RHADD 09) as well as trenches at the 

surface. This has a thickness range of 0.04 m to 5.87 m and a top grade of 75 Kg/t.  The 

thickest modelled lode is intersected by RHADD 09 and RHADD 11 (Table 6-3) although 

in these drillholes the veins, on average, rarely exceed 0.20 m. Due to the high grades 

of WO3 associated with these veins, even at very small widths, it is reasonable to include 

them into this lode. 

Table 6-3: Vein intersections for Lode 1W 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

1 RHADD 15 1W 0.31 0.61 A 0.61 

2 RHADD 02 1W 0.44 0.69 A 0.28 

3 RHADD 12 1W 0.21 0.24 A 0.24 

4 RHADD 08 1W 0.04 0.07 A 0.07 

2 RHADD 07 1W 0.55 1.50 A 0.37 

     B 0.54 

5 RHADD 10 1W 1.32 0.71 A 0.18 

5     B 0.12 

5 RHADD 11 1W 5.87 8.91 C 0.27 

5     D 0.14 

6 RHADD 09 1W 2.67 3.24 A 0.22 

6     B 0.19 

6     C 0.21 

6     D 0.12 

 

Lode 1FE: This is a sub-continuous lode occurring as a footwall to Lode 1E. It is only 

anchored by one borehole, RHADD 05 in the east and absent in RHADD 06. It is also 

missing from Trench TR05, though this could be because it was not targeted for 

sampling. In RHADD 03 and RHADD 04 it is barren and is rather defined by a peak in Cu 
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values (Figure 6.3). In RHADD 05, it is correlated to veins with high WO3 values, up to 

62 Kg/t. The lode has an average true thickness of 3 m (Table 6-4).   There are three 

veins that have been used to define this lode and all have a thickness above 0.20 m. 

Table 6-4: Vein intersections for Lode 1FE 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

8 RHAD005 1FE 2.98 4.23 E 0.27 

8     F 0.2 

8     G 0.28 

 

Lode 1FW: This lode forms the footwall to Lode 1W and is not exposed at the surface. It 

has very good drillhole control having been intersected by drillholes RHADD 04, RHADD 

09, RHADD 10, RHADD 11 and RHADD 17. It was not sampled in RHADD 17. It is 

modelled as a slightly kinked lode with a sub-vertical inclination of 88° (Figure 6.3). The 

range of thickness is very wide (0.67 – 7 m) with averages of 2 m and a top grade of 

114 Kg/t in RHADD 04. The high grade in this drillhole is correlated to a vein intersection 

width of only 0.19 m (Table 6-5).  

Drillhole RHADD 09 has six (6) veins that have thicknesses of 0.13 – 0.3 m. However, 

these are very close to each other and have prompted the interpretation that these veins 

must belong to the same lode (Table 6-5). 

Table 6-5: Vein intersections for Lode 1FW 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

5 RHADD 10 1FW 0.92 0.99 -  

5 RHADD 11 1FW 0.67 0.98 E 0.28 

6 RHADD 17 1FW 0.84 1.07 - - 

6 RHADD 04 1FW 1.97 2.7 A 0.19 

6 RHADD 09 1FW 7.27 10.74 E 0.13 

6     F 0.17 

6     G 0.16 

6     H 0.29 

6     I 0.22 

6     J 0.23 
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Figure 6.2: Isometric View of the Geological Models of Lode 1E (east of fault) 
and Lode 1W (west of fault)  
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Figure 6.3: Isometric View of the Geological Models of Lode 1FE (east of fault) 
and Lode 1FW (west of fault). The fault is hidden to show extent of 1FE 
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Lode 2E: This is an extensive lode intersected in RHADD 05 and RHADD 06 east of the 

fault, and visually evident in trench TR06 (Figure 6.4). The sub-vertical dip, typical of the 

other lodes, is clear, with an average thickness of 1 m and a top grade of 57 Kg/t in 

drillhole RHADD 06.  

The modelled thickness of this lode is 1.64 in RHADD 05 and 0.45 in RHADD 06, with a 

thicker intersection of 2.06 interpreted from the trench intersection (Table 6-6). 

However, the individual veins seldom exceed 0.30 m, with a least thickness observed in 

vein B of drillhole RHADD 06 (Table 6-6). 

Table 6-6: Vein intersections for Lode 2E 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

8 TR05 2E 2.06 2.1 - - 

8 RHAD005 2E 1.64 2.31 K 0.31 

8     L 0.29 

9 RHAD006 2E 0.45 0.62 B 0.13 

 

Lode 2W: This is a laterally continuous lode that is well defined geologic continuity, 

being intersected in all the drillholes and surface trenches west of the fault (Figure 6.4). 

It has a sub-vertical inclination with only slight kinks and is sub-parallel to the other 

lodes.  

The grades range from detection limit to 142 Kg/t while the thickness usually exceeds 2 

m. The individual veins, however, rarely exceed 0.5 m in thickness, with only Vein C in 

RHADD 14, Vein C and D, in RHADD 13, and Vein C and F in RHADD 03 having a 

thickness above 0.8 m (Table 6-7). With the exception of the intersection in RHADD 18, 

which has a lode intersection width of 0.83 m, the rest of the drill holes have thickness 

of at least 2 m each (Table 6-7). 
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Table 6-7: Vein intersections for Lode 2W 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

1 RHADD 14 2W 2.82 3.29 C 1.46 

     D 0.26 

1 RHADD 15 2W 2.60 4.68 E 0.19 

2 RHADD 02 2W 1.91 2.35 D 0.25 

     E 0.36 

     F 0.22 

     G 0.15 

3 RHADD 12 2W 1.72 1.91 C 0.27 

3 RHADD 13 2W 2.06 2.70 C 0.89 

     D 0.98 

4 RHADD 03 2W 3.56 4.33 C 1.12 

     D 0.26 

     E 0.31 

     F 0.84 

4 RHADD 08 2W 2.43 4.14 C 0.16 

     D 0.17 

     E 0.15 

     F 0.23 

7 RHADD 18 2W 0.72 0.83 A 0.14 

     B 0.17 

 

Lode 2HE: Lode 2HE forms the hanging wall to Lode 2E and is with its geologic 

continuity only evident from intersections in drillhole RHADD 05 and trench TR06. Its 

absence in drillhole RHADD 06 means that the geologic model has been extended to half 

the distance between RHADD 05 and RHADD 06 (Figure 6.5). The highest grade in Lode 

2HE is 72 Kg/t with a vein thickness of 0.22 m and a lode intersection of 1 m (Table 

6-8). 

Table 6-8: Vein intersections for Lode 2HE 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

8 TR 05 2HE 1.93 2.0 - - 

8 RHADD  05 2HE 0.89 1.17 J 0.22 
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Figure 6.4: Isometric View of the Geological Models of Lode 2E (east of fault) 
and Lode 2W (west of fault).   
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Figure 6.5: Isometric View of the Geological Models of Lode 2HE (east of fault) 
and Lode 2HW (west of fault). The fault is hidden to show extent of 2HE 
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Lode 2HW: Lode 2HW is geologically continuous with intersections in drillholes and 

surface trenches in the west of the fault (Figure 6.5). Previously this lode was 

interpreted as being part of Lode 2A (i.e. the composite lode made up of Lode 2HW and 

Lode 2W). However, latest data permits the distinction between the lodes, with the 

result that this lode forms a parallel and distinct, slightly kinked lode which is a hanging 

wall to Lode 2W. Consequently, this lode has very high grades, with raw data average of 

~14 kg/t and a top grade of 359 Kg/t.  

The intersection thickness of the lode is variable, ranging from 0.48 m to 3.28 m (Table 

6-9). Similarly, the individual veins that comprise this lode have a thickness range of 

0.10 m to 2.95 m, with average thickness of ~0.30 m (Table 6-9). 

Table 6-9: Vein intersections for Lode 2HW 

Drill Pad Drillhole Lode 
Lode True 
Thickness (m) 

Lode 
Intersection 
width (m) 

Vein Type 
Vein 
Intersection 
Thickness (m) 

1 RHADD 14 2HW 1.01 0.95 A 0.21 

     B 0.28 

2 RHADD 02 2HW 1.02 1.29 B 0.29 

     C 0.52 

3 RHADD 12 2HW 1.16 1.34 B 0.21 

3 RHADD 13 2HW 0.66 0.83 B 0.14 

4 TR 03 2HW 2.28 3.50 - 1.5 

4 RHADD 03 2HW 0.86 1.33 A 0.25 

4 RHADD 08 2HW 0.71 1.27 B 0.31 

5 RHADD 10 2HW 2.49 2.72 C 0.30 

     D 0.34 

5 RHADD 11 2HW 1.52 1.86 - - 

6 TR 04 2HW 2.81 4.50 - 2.95 

6 RHADD 04 2HW 0.48 0.50 C 0.23 

     D 0.10 

6 RHAD 09 2HW 3.28 4.13 K 0.28 

     L 0.38 

     M 0.12 

 

  



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                    Page 32 

 

 

The geological model for the Lode 1 and Lode 2 system whole RHA deposit is presented 

in Figure 6.6 below. The model shows that the lodes are steeply dipping and are sub-

parallel, are laterally continuous, although displaced by a fault.  

 

Figure 6.6: Isometric View of the Geological Models of the RHA Tungsten 
Project 
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7.  EXPLORATORY DATA ANALYSIS 
7.1 Background 
Exploratory data analysis is restricted to only the Lode 1 and Lode 2 system (see 

Chapter 6). The geologic and resource models only make use of current drilling 

information from the database data. Each geological model has been modelled 

separately, utilising only data in that geological model. 

7.1.1 Relationship between WO3 and Relative Density (RD) 

CAE Mining has modelled only WO3 and RD. CAE Mining investigated the relationship 

between these two attributes to determine whether the RD of increases with increase in 

WO3, or vice versa. Such a relationship could not be established, as shown in Figure 7.1. 

A random check of samples also showed that this relationship is absent. Hence, high 

grades of WO3 have scarcely different RDs to those of detection limit values. 

 

Figure 7.1: Scatter plot of WO3_KT and RD for all the lodes 
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7.2 Statistics 

CAE Mining generated naïve statistics for WO3 for all the lodes. 

7.2.1 Lode 1E 

Basic statistics were compiled on the raw data that intersected Lode 1E. This is inclusive 

of data from RHADD 05 and RHADD 06 drillholes. This was done on raw data for both 

WO3 and Relative Density (RD). The statistics are tabulated in Table 7-1 below and the 

distribution of the data is shown in Figure 7.2. Comparisons of histogram distributions 

for raw and composite data are also shown in the Appendix 11.1.3. 

Table 7-1: Basic Statistics for Lode 1E 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  15 0.3 128.60 13.40 1127.43 33.58 2.51 

RD   15 2.67 2.95 2.81 0.005 0.071 0.03 

The Coefficient of Variation statistic (COV = Standard Deviation/Mean) is high for the 

raw, uncomposited data (2.51), showing a wide variation in the data set. The density, 

however, had very little variation as shown by the low variance (refer to Table 7-1 

above). 

  

Figure 7.2: Distribution of raw data and RD – Lode 1E 
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7.2.2 Lode 1W 

Lode 1W has 33 samples from drillholes that are west of the fault. The descriptive 

statistics results for both raw data and RD are tabulated in Table 7-2 and the distribution 

is shown in Figure 7.3. 

Table 7-2: Basic Statistics for Lode 1W 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  33 0.30 159 17.84 1003.97 31.69 1.78 

RD   33 2.67 3.18 2.85 0.01 0.09 0.03 

For the WO3 statistics, the COV is relatively high at 1.78. The distribution of the 

histogram shows uni-modal distribution with a more homogenous population (Figure 

7.3). This indicates that the mean of the raw data can be taken as representative of the 

population. 

Relative density data are available for all 33 samples in Lode 1W (Table 7-2). The 

average RD is 2.85, with one outlier value of 3.18 which is clear from the histogram 

(Figure 7.3). 

  

Figure 7.3: Distribution of WO3 Data – Lode 1W 
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7.2.3 Lode 1FE 

Basic statistics for Lode 1FE are based on data from only 15 samples in the RHADD 05 

drillhole. The statistics for both WO3 and Relative Density (RD) are tabulated in Table 7-3 

below and the distribution of the data is shown in Figure 7.4 and in the Appendix. The 

average grade is relatively high at 7.97 Kg/t, and is mostly influenced by the maximum 

values (Table 7-3). 

Table 7-3: Basic Statistics for Lode 1FE 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  15 0.3 62.90 7.97 342.15 18.50 2.32 

RD   15 2.66 3.02 2.82 0.01 0.12 0.04 

The COV is high (2.32), also showing a wide variation in the data set. The density, 

however, had very little variation as shown by the low COV (Table 7-3). 

  

Figure 7.4: Distribution of raw data and RD – Lode 1FE 

7.2.4 Lode 1FW 

There are 29 samples in Lode 1FW, taken from four drillholes that are west of the fault. 

The descriptive statistics results for both raw data and RD are tabulated in Table 7-4 and 

the distribution is shown in Figure 7.5. 
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Table 7-4: Basic Statistics for Lode 1FW 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  33 0.30 114.10 9.29 548.43 23.42 2.42 

RD   29 2.54 3.25 2.84 0.01 0.12 0.04 

The distribution of the data is characterised by a homogenous population at the low 

grade end with two nuggety grades, at the high grade end (Figure 7.5). Consequently, 

the average grade is high, though the COV is also high, showing the large variation.  

Even though the average RD for the 29 samples in Lode 1FW compares well with that of 

the other lodes, the variation is wider (Table 7-4), with two conspicuous outliers clear 

from the histogram (Figure 7.5). 

  

Figure 7.5: Distribution of WO3 Data – Lode 1FW 

7.2.5 Lode 2E 

Basic statistics were compiled on the raw data from Lode 2E (RHADD 05 and RHADD 

06). This was done on raw data for both WO3 and RD. The statistics are tabulated in 

Table 7-5 below and the distribution of the data is shown in Figure 7.6. There are only 

10 samples from Lode 10 and these have an average grade of 7.0 Kg/t, with a high COV 

of 2.42. 
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Table 7-5: Basic Statistics for Lode 2E 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  10 0.3 57.60 7 286.61 16.93 2.42 

RD   10 2.74 3.06 2.87 0.01 0.08 0.03 

It is clear from both the COV as well the visual representation on the histogram that the 

population is heterogeneous, with wide variability. In this kind of deposit this is not 

unusual, due to the nuggety nature of the mineralization.  The wide variability is also 

reflected in the RD values, with a high value of 3.06 calculated. 

  

Figure 7.6: Distribution of raw data and RD – Lode 2E 

7.2.6 Lode 2W 

Lode 2W has the highest number of samples (84) taken from intersections of drillholes 

that are west of the fault. The descriptive statistics results for both raw data and RD are 

tabulated in Table 7-6 and the distribution is shown in Figure 7.7. 

Table 7-6: Basic Statistics for Lode 2W 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  84 0.30 142 11.09 679.37 26.06 2.35 

RD   84 2.67 3.78 2.85 0.02 0.14 0.05 
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The distribution of the histogram shows uni-modal distribution with a more homogenous 

population with only a single outlier high grade value of 142 Kg/t. (Figure 7.7). This also 

indicates that the mean of the raw data can be taken as representative of the 

population. For the WO3 statistics, the COV is high at 2.35, a consequence of the 

aforementioned outlier value. 

RD data are available from the 84 samples also show wider variability compared to the 

other lodes, but the average is representative of all the lodes (Figure 7.7).  CAE Mining 

found that there is generally no correlation between RD and WO3. 

  

Figure 7.7: Distribution of WO3 Data – Lode 2W 

7.2.7 Lode 2HE 

Lode 2HE has the least number of samples (3), all from only the RHADD 05 drillhole. The 

statistics for both WO3 and Relative Density (RD) are tabulated in Table 7-7 below and 

the distribution of the data is shown in Figure 7.8. 

Table 7-7: Basic Statistics for Lode 2HE 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  15 0.3 72.80 24.50 1166.45 34.15 1.39 

RD   3 2.80 2.88 2.84 0.01 0.03 0.01 
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The average grade is relatively high at 24.50 Kg/t, and is most likely influenced by the 

maximum values (Table 7-7). The low COV, indicative of low variability is expected as 

the sample population is small. The histogram distribution is generally poor, due to low 

number of samples. However, the RD average is representative of what is found in other 

lodes (Table 7-7 and Figure 7.8). 

  

Figure 7.8: Distribution of raw data and RD – Lode 2HE 

7.2.8 Lode 2HW 

There are 57 samples in Lode 2HW, taken with intersections in drillholes and surface 

trenches in the west of the fault. The descriptive statistics results for both raw data and 

RD are tabulated in Table 7-8 and the distribution is shown in Figure 7.9. 

Table 7-8: Basic Statistics for Lode 2HW 

Field NSamples Minimum Maximum Mean Variance Standdev COV 

WO3  57 0.30 359 14.9 2456.55 49.56 3.33 

RD   57 2.66 3.77 2.89 0.02 0.14 0.05 

The distribution of the data is characterised by a homogenous population at the low 

grade end but the very high grade outlier (359 Kg/t) is clearly distinct in the histogram 

(Figure 7.9). Consequently, the average grade (14.9 Kg/t) and the COV (3.33) are very 

high, showing the large variation. 
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The variability in the data is further evident from the RD, where the average grade 

exceeds the values observed from other lodes, with two outlier values distinct in the 

data (Figure 7.9). 

  

Figure 7.9: Distribution of WO3 Data – Lode 2HW 

 

7.3 Composite statistics 
Compositing of data is an important statistical tool to reduce bias in grade during 

estimation. However, it is important that even after compositing the COV should not be 

greater than the 1.5 threshold, otherwise the data cannot be used confidently for 

resource estimation as this is an indication of mixed population.  

CAE Mining investigated a number of compositing lengths to regularize the data in all the 

Lodes, including lengths of 0.3 m (equivalent to the mean WO3) and 0.5 m. A composite 

length of 0.5 m was preferred as it has better support for resource estimation.  The 

resultant statistics of composited drillhole data in all the lodes are shown in Table 7-9 as 

well as Figure 7.10 and Figure 7.11.  

In all lodes, the effect of compositing has been to reduce the COV and the average 

grade, in some lodes more than others (Table 7-9). The average grades, after 

compositing, are much better representation of what is expected in each of the lodes. 
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The nature of the mineralization, on the other hand, is such that the COV may not 

reduce further, and that these outliers should be considered part of the population.  

Table 7-9: Composite Statistics for WO3 for all lodes 

Lode NSamples Minimum Maximum Mean Variance Standdev COV 

Lode 1E 9 0.58 31.88 7.85 142.61 11.94 1.52 

Lode 1W 33 0.30 90.76 1303 413.04 20.32 1.56 

Lode 1FE 9 0.30 46.00 9.06 200.74 14.17 1.56 

Lode 1FW 25 0.30 60.30 6.47 209.69 14.48 2.24 

Lode 2E 7 0.57 57.60 9.72 383.91 19.59 2.02 

Lode 2W 77 0.30 60.63 5.50 132.96 11.53 2.10 

Lode 2HE 3 0.30 32.61 11.10 231.20 15.21 1.37 

Lode 2HW 58 0.30 105.90 6.89 270.90 16.46 2.39 
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Figure 7.10: Distribution of Composited WO3 Data in Lode 1 system (Lode 1E, 
Lode 1W, Lode 1FE and Lode 1FW) 
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Figure 7.11: Distribution of composited WO3 Data in Lode 2 system (Lode 2E, 
Lode 1W, Lode 2HE and Lode 2HW) 
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8. MINERAL RESOURCE ESTIMATES 
8.1 Evaluation Database 

CAE Mining used the database verified and signed off by PREM to estimate the Mineral 

Resources. CAE Mining believes the database appropriately represents the data at RHA 

Tungsten Project. The quality is considered appropriate for the Mineral Resource 

estimation procedures reported in this document. 

8.2 Block Modelling, Estimation Method and Parameters 

8.2.1 Block modelling 

An orthogonal 3-dimensional (3D) block model was used to fill all the geological models 

using CAE Studio 3 software (Studio 3). This ensures that the grade model cells will still 

have a good fit in the wireframes. A block size of 50 m N by 50 m E by 50 m RL was 

chosen for both lodes and this was 10 times ways in the X and Z plane, resulting in sub-

cells of 5 m each. The block model origin is defined by the minimum easting, northing 

and elevation. The parameters shown in Table 8-1 below were used for the block model 

prototype:   

Table 8-1: Model Parameters for all Lodes 

Model setting Parameters 

X origin (mE) 460 740 

Y origin (mN) 7 953 260 

Z origin (mRL) 695 

Block size in X direction (m) 50 

Block size in Y direction (m) 50 

Block size in Z direction (m) 50 

Number of blocks in X direction 18 

Number of blocks in Y direction 13 

Number of blocks in Z direction 8 
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8.2.2 Estimation method 

CAE Mining routinely uses Ordinary Kriging (OK) and Inverse Power of Distance (IPD) 

depending on the data support. In the current work, CAE Mining employed both OK and 

IPD. Grade estimation was undertaken on WO3 and density (RD). 

8.1.1.1. Ordinary Kriging and variography 

In practice, OK is preceded by variography, an essential geostatistical tool used to establish 

grade continuity and infer optimum distance between samples in a given direction. However, 

variography can usually only be undertaken when there are enough samples. Often, the 

better the sample support, the better the quality of the variograms.  

In the current project, variography was only undertaken for Lode 2W and Lode 2HW (both 

previously part of composite Lode 2A). The only difference between lodes and others is that 

they have better sample support. Traditional semi-variograms (hereafter called variograms) 

were calculated from the composite data for WO3 for each lode using Studio 3. From the 

geological and structural setting of the deposit, as well as the nature of the mineralization, 

CAE Mining identified two major directions for the two lodes: Dip = 85° and Dip Direction = -

150°.     

Lode 2W: For this lode, CAE Mining tested a number of directions of continuity but was 

unable to use any of them related to the shallow dip and strike of the reefs.  Consequently, 

an omni-directional variogram was modelled. A nugget and generally one nested spherical 

structure were used. The variogram parameters are shown in Table 8.2. A down-hole 

variogram could not be obtained. Using a lag distance of 50 m, the resulting variogram 

shows a smooth relationship high nugget (>100) and a long range of 67 m (Figure 8.1). The 

nuggety nature of the mineralization is clear from the high variance obtained for the nugget, 

while ranges is related to the maximum distance at which samples can be correlated. 

 Lode 2HW: CAE Mining also modelled an omni-directional variogram for this lode, with a 

nugget and a single nested spherical structure (Table 8.2). A lag distance = 40 m was used 

to model this variogram. The variogram was not as good as in Lode 2W, with its high 

variance, but the general character of the nugget (>100) and range (~60) is similar (Figure 

8.1). This is to be expected due to the similarity in mineralization style and trend.  
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Table 8.2 Variography results for Lode 2W and Lode 2HW  

Lode 
Nugget 
Effect 

Structure 1 Structure 2 

Sill 
Range 1 

(m) 
Range 2 

(m) 
Sill 

Range 1 
(m) 

Range 2 
(m) 

Lode 2W 101.44 1.00 34 34 31.74 67 67 

Lode 2HW 101.56 8.02 8 8 166.06 60 60 

 

  

Figure 8.1: Variograms for Lode 2W and Lode 2HW 

 
8.1.1.2. Inverse Power of Distance 

The paucity of data in Lodes 1W, 1E, 1FW, 1FE and 2E meant IPD was used to estimate 

them. The population distributions were, nevertheless considered for variography.  Even 

though they were mostly singularly distributed, the data was barely sufficient for meaningful 

variograms. Consequently, IPD was the preferred method.  

However, all these lodes have a similar geological and structural setting to Lode 2W and Lode 

2HW. Hence CAE Mining used similar directions during estimation of these lodes: Dip = 85° 

and Dip Direction = -150°.     
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8.2.3  Search parameters 

8.1.1.3. Lode 2W and Lode 2HW 

The ranges of continuity obtained from the variogram modelling of Lode 2W and Lode 

2HW were used as a guide to the search parameters and multiple search passes were 

used (Table 8-3).  The search ellipse was oriented according to the direction of 

maximum continuity with rotation angles. Angles corresponding to a dip direction of 

150° and a dip of -85° were used for all the lodes. Dynamic search was employed to fill 

all the blocks, with a second search (SVOL = 2) exaggerated to 2 and the third search 

(SVOL = 3) exaggerated to 5. The minimum and maximum number of samples 

employed in the first search was 10 and 20, respectively. For the second and third 

search volumes, this was 5 and 20 as well as 1 and 20, respectively. 

8.1.1.4. All other lodes 

Based on the similarity in geological and structural setting between the two lodes which 

had variograms and the rest of the lodes, CAE Mining orientated the search ellipse to the 

direction of maximum continuity with rotation angles (dip direction of 150° and a dip of -

85°). In the absence of ranges of continuity, CAE Mining employed the distances 

obtained from the variogram modelling of Lode 2HW, as a conservative search distance 

(Table 8-3). A similar dynamic search strategy (SVOL=1, SVOL=2 and SVOL = 3) and 

minimum/maximum number of samples to that employed for Lode 2HW was also used 

for the other lodes. 

Table 8-3: Search Parameters Used for Estimation  

Lode 
Search 

Angle 1 

Search 

Angle 2 

Search 

Angle 3 

Search 

Range 1 

Search 

Range 2 

Search 

Range 3 

Lode 2W 150° -85° 0 67 67 67 

Lode 2HW 150° -85° 0 60 60 60 

Other 
Lodes 150° -85° 0 60 60 60 

 

 



 

 
 
Updated Resource Report for the RHA Tungsten Project 

 
 

 
Report No PJ_1402_13                                                                                    Page 49 

 

 

8.1.1.5. Estimation parameters 

Parameters for Lode 2W and Lode 2HW have been used to estimate these lodes as well 

as the other Lodes, for which meaningful variograms could not be obtained.  CAE Mining 

has also estimated RD in all the lodes using IPD, and the parameters of Lode 2HW.  

The grade estimation ESTIMA procedure in Studio 3 was utilised for estimating WO3 and 

RD into the block models.  The estimation parameters based on block size, search 

strategy, variogram directions, estimation method, number of sample points and 

discretisation are summarised in Table 8.4 and Table 8.5.  

Table 8.4 Summary of estimation parameters – Lode 2W and Lode 2HW 

Estimation parameter Details of 50 mN by 50 mE block size 

Block model geometry See Table 8.1 

Search strategy See Section 7.2.3 

Variogram directions 150° and -85° 

Variogram parameters  See Table 8.2 

Kriging method Ordinary kriging 

Discretisation 4 X by 4 Y by 4 Z 

Minimum number of composites 10 

Maximum number of composites 20 

 

Table 8.5 Summary of estimation parameters – other Lodes 

Estimation parameter Details of 50 mN by 50 mE block size 

Block model geometry See Table 8-1 

Search strategy See Section 7.2.3 

Variogram directions Absent 

Variogram parameters  Absent 

Kriging method Inverse Power of Distance 

Discretisation 4 X by 4 Y by 4 Z 

Minimum number of composites 10 

Maximum number of composites 20 
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8.1.1.6. Grade capping 

Top-capping is usually applied to a sample data set to prevent overestimation in small 

sub-sample sets due to disproportionately high grade samples. The impact of the lower 

probability values is lessened by capping of these values to the next highest non-outlier 

value.    This process is subjective and may be based on a variety of factors, including 

inflection points on the mean variance plots and log probability plot curves, percentiles 

and other statistics as well as examination of the data for disintegration.  Outlier values 

are also capped if there is a question as to the reproducibility and accuracy of the outlier 

values.  The process of capping of the data attempts to reduce the COV of the data while 

keeping the mean as close as possible to the raw value.  Capping should be applied to 

the minimum number of samples possible. 

The raw data in all the lodes had a lot of outliers (see Chapter 7). The composite data 

also had some outliers, but grade capping seldom reduced the COV. Therefore, CAE 

Mining considered that capping was unnecessary for the data due to the fact that the 

effect of any outliers on the data is negligible.  Furthermore the data are consistent with 

this kind of mineralization and are not assumed to be erroneous.  Although CAE Mining 

does not view capping of the data as necessary in this case, grade capping as a tool is 

nonetheless not viewed as incorrect. 

8.3 Model Validation 
CAE Mining validated the block models against input composite data to develop 

confidence in the modelling procedure. The model validation process demonstrates the 

robustness of the block model estimate against the data used to inform it.  The model 

validation exercise was performed on block models for all the lodes.  The validation 

procedure was performed utilising the following methodology: 

• Visual comparison of the estimated block grades against the sample grades. 

• Sectional plots comparing the number of samples, block model estimated grades and 

the raw sample grades occurring within a specified distance on either side of a 

section. 

• Global comparison of the average block model grades and average sample grades. 
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• Visually, there is a good correlation between the estimated block grades and the 

sample grades with high grade samples spatially informing high grade block 

estimates and vice-versa.  This is true for all lodes. 

 

• Sectional plots comparing the number of samples, block model estimated grades and 

the composite sample grades occurring within a slice of 20 m in the X direction 

(Eastings were used for Lode 2W and Lode 2HW. The results are shown in the figures 

below (Figure 8-2 and Figure 8-3). 

 

Figure 8-2: Swath Analysis for Lode 2W 

 

The two swath analyses (Figure 8-2 and Figure 8-3) show some interesting trends. For 

Lode 2W, where there is very good sample coverage (e.g. Easting = 460870; Figure 8-2) 

the correlation is good, and in areas of poor sample coverage the differences are higher. 

However, in general, CAE Mining is satisfied that the validation process is reasonable. 
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In Lode 2HW, the differences less pronounced, though the sample coverage is not as 

high as in Lode 2W. The swath plot for both shows a good correlation in trend, with the 

one significant difference in values between the model and composite data at Eastings = 

461130 m; Figure 8-3). This is attributed to that portion yielding Inferred Resources. For 

Lode 2HW, CAE Mining considers the validation process reasonable. 

 

 Figure 8-3: Swath Analysis for Lode 2HW 

 

Global comparison of the average block model grades and average composite grades, 

were used primarily for the other lodes, which due to paucity of data could not 

adequately be validated by means of sectional swath analyses. As a guide, CAE Mining 

routinely considers differences between composites and model of less than 5% to be 

acceptable for Measured Resources and 10% for Indicated Resources. However, higher 

differences may be acceptable for Inferred Resources, due to relatively lower levels of 

confidence associated with these. It is important to note that differences in the swath 

analysis are also a function of the number of samples. Areas with low number of 
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composites generally produce poorer comparisons than those that are well informed.  

Further, the swath comparison may be poor as model estimates are also a function of 

variography and deposit trend, whereas composite data considers local non-directional 

means. 

Based on the aforementioned factors as well as the results shown in Table 8.6, CAE Mining is 

generally comfortable with the comparison of the global means. These comparisons do not 

account for the different classes in the particular Resource Model.  

Table 8.6 Comparison of estimated model data with composite data  

Lode Block Grade Composite Grade Percentage difference 

Lode 1E 7.64 7.85 -3% 

Lode 1W 14.08 13.03 7% 

Lode 1FE 9.02 9.06 0% 

Lode 1FW 7.20 6.47 10% 

Lode 2E 11.53 9.72 16% 

Lode 2W 5.07 5.50 -8% 

Lode 2HE 11.10 11.10 0% 

Lode 2HW 6.85 6.89 -1% 
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9. CLASSIFICATION OF MINERAL RESOURCES 
Mineral Resources are classified as Measured, Indicated, and Inferred Resources, based on 

the confidence attached to them by the CP. After modelling, CAE Mining classified the model 

into resources based on a number of criteria, in line with the South African Code for 

Reporting Of Mineral Resources and Mineral Reserves (SAMREC Code, 2007), including the 

following: 

Geological and grade continuity: CAE Mining is comfortable with the present 

interpretation of the geology and structure, based on the data available. Further refinements 

to the interpretation can be achieved with more samples. The grades are continuous within 

the mineralized envelope. Those lodes (i.e. Lode 2W and Lode 2HW) where there is proven 

geologic and grade continuity, have a higher confidence. 

Quality Assurance and Quality Control (QAQC): The QAQC procedures implemented by 

PREM are robust QAQC. There are no material issues with the QAQC that affect the 

confidence in the estimated Resources.  

Data quality: CAE Mining assumed the data received from was validated and therefore 

reasonable to be used in estimation. No drillholes excluded some holes from the estimation 

due to the erratic grades and modelling. However, the trench data was not used in resource 

estimation because CAE Mining could not verify the quality of the sampling. It was used only 

in geologic modelling to prove geologic continuity. 

Drillhole spacing: In general, the data spacing is 30 m for the closest spaced data and 

~180 m for the furthest drillholes, and averages of ~50 m, in the horizontal direction. Ranges 

obtained from variography (~60 m) were found to be consistent with the average drill hole 

spacing.  CAE Mining considers the drill hole spacing to be reasonable, especially with the 

ranges that are acquired on the variograms.  

Number of samples and search volumes: Areas that are informed by a large number of 

samples have higher confidence. Areas estimated by the first search pass had higher 

confidence than those in the second and third search passes. A higher value for the 3rd search 

volume as well as an exaggerated range in the Z direction allowed the cells to be filled in the 

block model, albeit with a low confidence for classification. 
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Slope of Regression (SE) and Kriging Efficiency (KE): A rule of thumb used for 

classification of Resources in the RHA Tungsten project is the variogram range as Measured, 

and the twice the range as Indicated and beyond that everything is classified as Inferred 

Resources within the lease boundary. 

However, for Lode 2W and Lode 2HW, estimated by OK, the SE and KE statistics were used 

as a further guide to classify the resources. Both KE and SE were used to investigate 

conditional bias for a given set of estimation parameters.  KE compares kriging variance 

against block variance.  If the kriging variance is low compared to the block variance, the 

degree of smoothing is minimised and the grade tonnage relationship is best reflected.  The 

SE statistic describes the linear relationship between actual and estimated grades.  If the 

slope statistic is close to one, then an unbiased relationship is expected.  Both KE and SE 

provide an indication of how well the estimation parameters and the data configuration 

predict local grades. Conditional bias in a resource estimate is undesirable because it 

indicates the presence of over-smoothed panel grades within a model which reduces the 

accuracy of the local panel grade estimates and may lead to incorrect estimation of tonnage 

and grade above a specified cut-off. 

Due to application of KE and SE statistics, some Resources in Lode 2W and Lode 2HW, 

initially classified as Measured and Indicated, were reclassified as Indicated and Inferred 

Resources, respectively. CAE Mining is comfortable with this treatment of the data due to the 

nuggetty nature of the mineralization, and the available data. 

CAE Mining also made the decision that all lodes east of the fault would be classified as 

Inferred Resources. This is because for now, only geologic continuity can be proved. 

Based on the aforementioned criteria, CAE Mining classified RHA Tungsten project into 

Measured, Indicated and Inferred Resources. CAE Mining has listed figures that illustrate the 

classification of all the lodes below (Figure 9-1, Figure 9-2, Figure 9-3 and Figure 9-4). 
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Figure 9-1: Resource Classification for Lode 1E and Lode 1W 
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Figure 9-2: Resource Classification for Lode 1FE and Lode 1FW 
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Figure 9-3: Resource Classification for Lode 2E and Lode 2W 
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Figure 9-4: Resource Classification for Lode 2HE and Lode 2HW 
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9.1 Resource Statement 

The Mineral Resource statement for the RHA Tungsten project is shown in Table 9-1. The 
table shows the calculated thickness of each Lode at which the tonnes and grade are 
reported. 

Table 9-1: Resource Statement for the RHA Tungsten Project 
 

Lode  Resource Category Volume Tonnes Density  WO3 (Kg/T) Thickness (m) 
1W MEASURED 

    
 

 
INDICATED    122 920     352 346  2.87 14.45 3.57 

 
INFERRED       68 620     196 072  2.86 13.42 3.71 

   
   548 418  2.86 14.08 3.64 

      
 

1E INFERRED    115 497     325 013  2.81 7.64 1.98 

   
   325 013  2.81 7.64 1.98 

      
 

1FW MEASURED 
    

 

 
INDICATED       84 470     239 760  2.84 7.06 6.50 

 
INFERRED       24 148        68 613  2.84 7.71 5.85 

   
   308 372  2.84 7.20 6.18 

      
 

1FE INFERRED       54 623     155 091  2.84 9.02 2.60 

   
   155 091  2.84 9.02 2.60 

      
 

2W MEASURED       72 505     206 424  2.85 5.78 2.52 

 
INDICATED    138 718     394 514  2.84 4.76 2.94 

 
INFERRED         8 472        24 060  2.84 3.97 3.52 

   
   624 999  2.84 5.07 2.99 

      
 

2E INFERRED       82 834     239 287  2.89 11.53 1.23 

   
   239 287  2.89 11.53 1.23 

      
 

2HW MEASURED       39 681     113 608  2.86 7.86 1.94 

 
INDICATED       86 221     247 284  2.87 6.62 2.38 

 
INFERRED       27 361        78 676  2.88 6.13 3.57 

   
   439 567  2.87 6.85 2.63 

      
 

2HE INFERRED       31 715        89 548  2.82 11.10 1.25 

   
      89 548  2.82 11.10 1.25 

  # Tonnes rounded off; thickness calculated 
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10. CONCLUSIONS 
In line with the project scope, CAE Mining has generated UPDATED geological and 

resource models for the RHA Tungsten Project. 

The geological model is made up of two lode systems: Lode 1 system (Lode 1E, Lode 

1W, Lode 1FE and Lode 1FW) and Lode 2 system (Lode 2E, Lode 2W, Lode 2HE and Lode 

2HW). These lodes are roughly east-west trending with sub-vertical dip (equivalent to 

85°) and are separated by north a trending fault. The geological and resource models 

are based on an updated and verified database composed of 2012 and 2013 drilling. All 

but one drill hole (RHA DD017) have intersected the lodes at depth, necessitating a 

depth extension up to 700 m as well as a lateral strike extent also of 700 m, based on 

geological continuity.  

Resource model has been declared only for Lode 1 and Lode 2 systems. Only Lode 2W 

and Lode 2HW have satisfied the requirements to have a portion of the resources 

classified into the Measured Resource category. The highest category classified in Lode 

1W and Lode 1FW is Indicated Resource, while the lodes east of the fault have all 

been classified into the Inferred Resource category. The tonnage and diluted grade for 

all the lodes is summed up in Table 10-1. 

CAE Mining is satisfied with the quality of the data and database used in the geologic and 

resource modelling process. There are no material issues that affect the confidence of 

the Resource Classification at this time. However, as more information becomes 

available the confidence of the in the Mineral Resource could increase. 
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Table 10-1: Resource Statement for all lodes at the RHA Tungsten Project 

 
Lode  Resource Category Volume Tonnes Density  WO3 (Kg/T) Thickness (m) 
1W MEASURED 

    
 

 
INDICATED    122 920     352 346  2.87 14.45 3.57 

 
INFERRED       68 620     196 072  2.86 13.42 3.71 

   
   548 418  2.86 14.08 3.64 

      
 

1E INFERRED    115 497     325 013  2.81 7.64 1.98 

   
   325 013  2.81 7.64 1.98 

      
 

1FW MEASURED 
    

 

 
INDICATED       84 470     239 760  2.84 7.06 6.50 

 
INFERRED       24 148        68 613  2.84 7.71 5.85 

   
   308 372  2.84 7.20 6.18 

      
 

1FE INFERRED       54 623     155 091  2.84 9.02 2.60 

   
   155 091  2.84 9.02 2.60 

      
 

2W MEASURED       72 505     206 424  2.85 5.78 2.52 

 
INDICATED    138 718     394 514  2.84 4.76 2.94 

 
INFERRED         8 472        24 060  2.84 3.97 3.52 

   
   624 999  2.84 5.07 2.99 

      
 

2E INFERRED       82 834     239 287  2.89 11.53 1.23 

   
   239 287  2.89 11.53 1.23 

      
 

2HW MEASURED       39 681     113 608  2.86 7.86 1.94 

 
INDICATED       86 221     247 284  2.87 6.62 2.38 

 
INFERRED       27 361        78 676  2.88 6.13 3.57 

   
   439 567  2.87 6.85 2.63 

      
 

2HE INFERRED       31 715        89 548  2.82 11.10 1.25 

   
      89 548  2.82 11.10 1.25 

  # Tonnes rounded off; thickness calculated 
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11. APPENDIX 
11.1.1  Laboratory QAQC control charts  
11.1.2  SGS Laboratory Results  

11.1.3  Drill pads and Strip logs 

11.1.4  Histograms and Log-probability plots 

11.1.5  Certificate of Disclosure  
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Laboratory QAQC control charts  
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SGS Laboratory Results  
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Drill pads and Strip logs 
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Histograms and Log-probability plots 
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CERTIFICATE OF DISCLOSURE 

The information in this report that relates to the Mineral Resource is based on 

information compiled by the Qualified Person, Bruce Cumming (Pr.Sci.Nat).  The 

Qualified Person has sufficient experience which is relevant to the style of mineralisation 

and types of deposits under consideration, and to the activity which has been 

undertaken, to qualify as a Qualified Person as defined by the 2011 edition of the 

Canadian National Instrument (NI 43-101) Standards of Disclosure for Mineral Projects, 

2004 edition of the Australasian Code for Reporting of Exploration Results, Mineral 

Resources and Ore Reserves (JORC), as well as the 2007 edition of the South African 

Code for Reporting of Exploration Results, Mineral Resources and Mineral Reserves 

(SAMREC).   

Capacity and Independence 

CAE Mining prepared this report, under the supervision of Bruce Cumming, and it is 

signed off according to JORC. Bruce Cumming is a shareholder in Premier African 

Minerals Ltd (PREM).  

Scope of Work/Materiality/Limitations and Exclusions 

This resource statement is based on 1) information supplied by PREM; 2) CAE Mining’s 

knowledge of the associated geology; 3) site visits and data gathering visits to the 

permits held by PREM.  All data held by PREM was released to CAE Mining for review.  

CAE Mining reviewed source data where possible but has relied on the accuracy of data 

as reported by PREM.  All requests for information to the employees of PREM were 

addressed immediately where possible and a candid approach to all queries was in 

evidence throughout the review. 

Full legal verification of license documents was not undertaken.  At no time during the 

course of preparation of this statement did CAE Mining become aware of either 

withholding of information or of the changing of records to influence the conclusion of 

this statement.  CAE Mining has endeavoured to ensure that no error of fact is contained 

within this statement.  Any such error is not intentional and is not a deliberate effort to 

mislead. 
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Risks 

The business of mining and mineral exploration, development and production by their 

nature contain operational risks.  The business depends upon, amongst other things, 

successful prospecting programs and competent management.  Profitability and asset 

values can be affected by unforeseen changes in operating circumstances and technical 

issues. 

Factors such as political and industrial disruption, currency fluctuation, commodity prices 

and interest rates could have an impact on the project’s future operations, and potential 

revenue streams can also be affected by these factors. The majority of these factors are, 

and will be, beyond the control of any operating entity. 

Bruce Cumming 

BSc. (Geology), Pri.Sci.Nat. 
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Executive Summary 
Premier African Minerals (PREM) is a London-listed mining company (AIM: PREM) with mining and 

exploration interests in Africa. Its flagship exploration project is the RHA Tungsten Project located 

approximately 270 km northwest of Bulawayo in Zimbabwe. The target commodity is tungsten, 

expressed as WO3 (tungsten tri-oxide) or (Fe, Mn) WO4 (wolframite). 

Datamine was invited by PREM to carry out an exercise to investigate the economic potential of an 

open pit operation in the RHA Tungsten project. 

The primary objectives of this technical report are to describe and summarise the engineering 

techniques applied and the results obtained in the following exercises: 

 Final Pit Optimisation 

 Final Pit Design 

 Production Schedule 

 Dumping Strategy 

Pit optimization was carried out using NPVScheduler software. The economic/geotechnical 

parameters used were: 

 

Eight block models were used for the exercise: 

 1emod2.dm 

 1fwemod2.dm 

 1fwwmod2.dm 

 1wmod2.dm 

 2emod2.dm 

 2hwemod2.dm 

 2hwwmod4.dm 

 2wmod5.dm 

Item Base case Units

Operating Cost

Mining Cost (all rock types) 4.00 $/t mined

Process Cost 15.88 $/t processed

G&A Cost 12.10 $/t processed

Cost increase per bench above RL 940 0.015 $/t mined

Cost increase per bench below RL 940 0.020 $/t mined

Transport of concentrate ($/kg of Wo3 in conc.) 0.23            $/kg metal

Technical

Slope angles (zone 1) 49.00 degrees

Slope angles (zone 2) 44.60 degrees

Mining Dilution 10.00 %

Mining Loss 5.00 %

Bench height 5.00 m

Metallurgical recovery 82.8% %

Ore Production rate 8 000 tpm

Ore Production rate 96 000 tpa

Economic

Royalties 3.00            %

Wo3 Price (per kg of metal in conc.) 28.80 $/kg

Discount factor to use 10.00 %
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They were the result of the latest geological modelling exercise. The models were combined and a 

waste material was created below topography. The final model used was named opt_modfull.dm 

The results of optimization indicated that price factor 32% pit shell was the most suitable option, 

containing the desired ore tonnage for the 19 target months of production and with acceptable 

mining cost per tonne of ore if compared with underground mining option.  

The total in situ ore tonnes on Pit 32% is around 146,700t and total in situ rock is around 1,364,500t. 

The optimised pit shell (Pit 32%) was used as a guidance for engineering design. The geotechnical 

assumptions were based on the recommendations provided by Bara Consulting’s geotechnical report 

(Appendix 1). 

For a 10 m bench height with interim 5 m flitches, the applied parameters are listed below: 

 Safety berm = 5.5 m 

 Flitch berm = 1 m 

 Flitch face angle = 70 degrees 

 Bench face angle = 65 degrees 

 Toe to toe angle = 44.6 degrees 

 Overall slope angle (for 6 benches) = 49.6 degrees. 

The final pit shell design and the optimised pit shell (Pit 32%) can be seen on the picture below 

 

The final pit design was evaluated and compared with the optimisation shell. The table below 

summarise the results obtained (in-situ values): 
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The final pit design was subdivided in smaller mining blocks to create a production schedule.  

The main strategy for the mining operations is to use narrow mining blocks aligned with the ore 

body strike direction, facilitating access to the ore blocks. The picture below presents an orthogonal 

view of the design pit with the mining blocks: 

 

The pit will be mined using traditional techniques of drill and blast, and truck and shovel kit. 

Whenever possible, direct excavation (with no drill and blast) would be considered taking advantage 

of potential cost savings. 

Allowing for an operating roster of 24 hours per day and 25 days per month, the equipment 

operating assumptions were as shown in Table 6.  

  

Incremental

Bench Waste (t) Ore (t) Metal (kg) WO3 (Kg/t) Waste (t) Ore (t) Metal (kg) WO3 (Kg/t)

975 0                      -                  -                  0.00 -                  -                  -                  0.00

970 1 514              -                  -                  0.00 -                  -                  -                  0.00

965 5 430              -                  -                  0.00 1 143              -                  -                  0.00

960 28 485            560                 2 479              4.43 12 038            560                 2 479              4.43

955 61 190            4 005              13 539            3.38 40 457            2 661              13 136            4.94

950 121 705         6 840              33 437            4.89 85 321            4 901              31 760            6.48

945 146 509         9 183              92 567            10.08 121 781         9 815              94 537            9.63

940 212 864         16 343            180 736         11.06 177 021         16 844            182 124         10.81

935 219 610         21 023            240 435         11.44 199 083         21 609            242 179         11.21

930 222 456         20 010            233 185         11.65 184 280         20 667            238 889         11.56

925 167 862         19 440            231 860         11.93 146 785         19 750            238 019         12.05

920 123 697         15 391            196 403         12.76 101 206         15 544            198 016         12.74

915 66 952            9 552              119 507         12.51 67 588            11 330            144 280         12.73

910 49 634            8 994              113 383         12.61 43 282            8 746              110 372         12.62

905 18 775            7 325              92 568            12.64 24 440            7 437              94 752            12.74

900 6 184              4 693              63 780            13.59 10 717            4 881              67 294            13.79

895 -                  -                  -                  0.00 2 618              1 998              30 021            15.03

Total 1 452 869      143 360         1 613 880      11.26 1 217 760      146 743         1 687 858      11.50

Pit Design Optimization



 

  

8 

© 2014 Datamine | Use or disclosure of this document is subject to the restrictions on the title page of this document. 

Table 1 - Equipment Operating Assumptions 

Loader CAT320  Truck BELL ADT 18E 

Bucket Capacity 2 m3  Payload 18 T 
Lose Density 1.7 t/m3  Mechanical Availability 80% 
Mechanical Availability 80%  Use of Availability 80% 
Use of Availability 80%  Utilisation 100% 
Utilisation 80%    

 

The chart below presents the production profile obtained for the 22 months of open pit operation. 

An aggressive production of ore in the early months of operation can be seen. After a low-strip ratio 

during the first three months, production is stabilised at a constant ore:waste ratio from May 2015 

to May 2016, with the exception of a small dip in ore production during October 2015. From June to 

September 2016, higher striping ratios occur but by this stage the main objective of bringing positive 

cash flow to early LOM is already achieved. During the three last months of operation, the good 

stripping ratio levels experienced during LOM are re-established. 

 

The waste rock material moved from the pit will be accommodated in 2 main dumping areas as 

presented on picture below: 
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In terms of capacity, the volumes for each dump were calculated and tonnage estimated based on 

the agreed 1.6 t/m3 loose density adopted. The calculated values are: 

 Waste Dump 1  = 671,000 m3 or equivalent to 1,074,000 t 

 Waste Dump 2  = 235,500 m3 or equivalent to 376,800 t 

 Total    = 906,500 m3 or equivalent to 1,450,800 t. 
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1. Introduction 
Premier African Minerals (PREM) is a London-listed mining company (AIM: PREM) with mining and 

exploration interests in Africa. Its flagship exploration project is the RHA Tungsten Project located 

approximately 270 km northwest of Bulawayo in Zimbabwe. The target commodity is tungsten, 

expressed as WO3 (tungsten tri-oxide) or (Fe, Mn) WO4 (wolframite).  

The project covers a 1,800 ha land holding and is located close to other properties owned by PREM 

in the northwestern part of Zimbabwe. It is accessible to Bulawayo by means of tar road, while the 

railway line running from Bulawayo to Hwange is within a 5 km radius.  

The historic RHA Mine is on a low ridge approximately 850 m long and 350 m wide standing about 80 

m above its surroundings. Evidence of historic mine workings (trenches, pits, pegs, shafts, etc.) is 

visible on the ridge and surrounding area (Du Plessis and Ingram, 2013). 

The primary objectives of this technical report are to describe and summarise the engineering 

techniques applied and the results obtained in the following exercises: 

 Final Pit Optimisation 

 Final Pit Design 

 Production Schedule 

 Dumping Strategy. 
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2. Pit Optimisation  
 

2.1. Introduction 
The optimisation was performed using Datamine’s NPVScheduler software (NPVS). 

Current property topography and optimisation input parameters were provided by RHA Tungsten 

personnel as the basis for this exercise.  

The resource block model was produced by Datamine’s geology team and consists of a series of 

eight modelled lodes. The files representing the different lodes are: 

 1emod2.dm 

 1fwemod2.dm 

 1fwwmod2.dm 

 1wmod2.dm 

 2emod2.dm 

 2hwemod2.dm 

 2hwwmod4.dm 

 2wmod5.dm 

 

2.2. NPVScheduler Optimisation Methodology 
Pit optimisations were carried out using NPVS. The basic data required for such an exercise is a 

geological block model that contains geological information (lithology, grade, etc.) and has been 

created using any one of the accepted geology mining software packages available on the market. 

NPVS will create an economic model by setting cost and price parameters for the Life of Mine (LOM) 

and applying such figures to the geology model provided. In this process, it will calculate an intrinsic 

value per processing method for each block as a function of its geo-metallurgical attributes. 

The Lerchs-Grossman (LG) method is used to determine the ultimate pit for the given commodity 

prices and mining cost parameters as well as the engineering constraints of the pit wall slope. By 

varying the economic parameters in percentage increments, a set of nested LG pits can be generated 

where each pit represents the ultimate pit of maximum profit corresponding to the particular 

price/cost conditions. 

It is important to note that during the nesting process, NPVS is, in fact, applying a factor in one of three 

pre-selected variables: metal price, profit or mining cost. The factor applied has a pre-defined range 

according to the user’s requirement. The increment between each factor plays an important role as it 

defines the number of nests that are created. 

The software factorises the selected variable and applies the LG’s algorithm to delineate the pit shell 

for that “temporary” situation. It repeats this process, now adding the increment defined to the next 

incremental factor. This process is repeated until the range defined by the user is fully covered. For 

example, a range from 0 percent to 200 percent with increments of 2 percent will generated a 

maximum of 100 nests. Most likely, the user will end up with less than 100 nests for two main reasons: 

either there are no profitable shells for the first increments (fairly common) or there is no difference 

in terms of shape between one increment and the next. 
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The information generated based on those pit shells is reported in table and chart format. It is 

important to understand that the figures reported are not factorised by the value used during the 

nesting process. NPVS simply uses the factors to create the incremental nested shells. Once their 

shape is defined, NPVS accumulates the base case values (as defined in the economic model) and 

outputs it to the user. 

In general, the smallest pit is the one that represents the best value per tonne that is possible in the 

early stages of mining as it is the pit that would remain valuable even under the most adverse 

economic conditions. Similarly, the largest pit represents the pit with the longest life under the most 

favourable economic conditions. As a consequence, the nested pits are ranged from highest to lowest 

value per tonne mined. 

Each block cell within each nested pit is then sequenced based on a simple set of rules in order of 

priority: nest shell number (earliest), shallowest bench and highest value. In other words, NPVS will 

look nest by nest, bench by bench for the highest cell value. Once the first bench of the first nest is 

sequenced based on value, the algorithm approaches the following bench within the same nest shell, 

repeating the search for high value blocks. This process continues until the current nest is exhausted. 

The same technique is then applied to the next nest shell and so on, until all the nested shell blocks 

are sequenced.  

As a result, NPVS produces what is called an Optimised Extraction Sequence (OES). The OES is then 

used to mimic a practical mining sequence, which, in association with an annual production target, 

will produce an estimated Discounted Cash Flow (DCF). The DCF value is now reported for each nested 

shell and presented in table and chart format. 

It is important to note that the DCF described above should be used merely to compare various pit 

optimisation scenarios. The project Net Present Value (NPV) is only addressed at a later stage within 

NPVS technology, being generated, in general, after practical mine/pushback designs and production 

schedule are completed. 

 

2.3. NPVScheduler Model Preparation 
Prior to the optimisation process, it is important to adjust the geology model to the optimisation 

requirements and needs. 

In general, NPVS requires a model preparation to include important fields in the optimisation or even 

deplete the model to a more current surface. This process will be described in more detail below. 

Furthermore, it is common to perform a redefinition of the model’s cell sizes. Reducing the number 

of input cells in the system is vital to ensure proper optimisation assumptions and also to reduce 

processing time. Depending on the size of the model, optimisation processing time can be reduced 

from several hours to a few minutes. 

The main goals are to make the full cell sizes on the Z direction the same size as the bench height and 

on the remaining directions equal to or larger (couple of integer multiples) than the Minimum Mining 

Unit (MMU). Partial or sub-cells are allowed and required in many cases (including this exercise). They 

increase the level of detail and selectivity of the optimisation but should be used with caution. Sub-

cell sizes should not be smaller than the MMU in all three directions (X, Y and Z) to avoid creating a 

scenario that is too optimistic. 

For this exercise, the model files used were produced by Datamine’s geology team. Refer to section 

2.1. The eight files were handed over to Datamine’s engineering team for preparation prior to 

optimisation. 
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Initially the block models produced by Datamine’s geology team represented each individual lode in 

the property. The models were combined into one single file and then a waste model was created 

surrounding the ore body. The model, now representing all the lodes and the waste rock around them, 

was trimmed to the latest topography (August 2014) representing the property.  

For the waste model, a density of 2.862 t/m3 was adopted with zero metal content. 

Finally, the model was re-blocked to a 5x5x5 cell size to represent the smallest mining unit. Sub-celling 

on the lodes and topography interfaces was allowed to ensure better selectivity and accuracy during 

the optimisation. 

This final model was named opt_modful.dm and used for the optimisation exercise. 

2.4. Base Case Economic and Geotechnical Parameters 
The base case for the economic and geotechnical parameters for the optimisation study was defined 

as per Table 2 below: 

Table 2 - Economic and Geotechnical Parameters for Base Case Optimisation 

 

The economic parameters described above were provided by RHA Tungsten and Bara Consulting 

engineering teams. The geotechnical assumptions were based on the recommendations provided by 

Bara Consulting’s geotechnical report (Appendix 1). 

One single processing method was defined and only measured and indicated material was allowed to 

be processed. Inferred material was discarded and considered waste in this exercise. 

Figure 1 shows the two slope regions adopted in the optimisation. It also shows the pit design in the 

context. The main reason for defining two slope regions was to include in the optimisation run the 

expected shallower slope angles due to the insertion of the haul road in the northwest wall on the 

Item Base case Units

Operating Cost

Mining Cost (all rock types) 4.00 $/t mined

Process Cost 15.88 $/t processed

G&A Cost 12.10 $/t processed

Cost increase per bench above RL 940 0.015 $/t mined

Cost increase per bench below RL 940 0.020 $/t mined

Transport of concentrate ($/kg of Wo3 in conc.) 0.23            $/kg metal

Technical

Slope angles (zone 1) 49.00 degrees

Slope angles (zone 2) 44.60 degrees

Mining Dilution 10.00 %

Mining Loss 5.00 %

Bench height 5.00 m

Metallurgical recovery 82.8% %

Ore Production rate 8 000 tpm

Ore Production rate 96 000 tpa

Economic

Royalties 3.00            %

Wo3 Price (per kg of metal in conc.) 28.80 $/kg

Discount factor to use 10.00 %
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western part of the pit. This necessity was identified in early preliminary runs during the setting up 

phase of the project. 

The positioning of the ramp was, therefore, pre-defined due to the nature of the pit. The western area 

is the deepest part of the operation and needs a haul road (no straight exit via current topography). 

In terms of road placement, the southeast wall on the western area must be avoided due to the hilly 

topography, hence the choice to place the ramp on the northwest wall. 

A potential pit exit reference level (RL) was defined during the optimisation set up and defined as RL 

940. This information was used to add an extra cost for mining rock above and below it (incremental 

cost per bench). Later in the project, the designed pit exit reached surface at RL 925. The initial 

assumption can be considered representative and acceptable for the exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

2.5. Results and Final Pit Selection 
The main goals for the final pit selection were established by RHA Tungsten and are in line with its 

financial and operational strategies. 

The main objectives were: 

- Define a final pit shell that would deliver enough ore to the plant for approximately 

19 months (146,000 t of in-situ ore, not including ore losses and mining dilution) 

- Avoid mining ore at a higher cost than the current underground mine cost estimated for the 

deposit by Bara Consultants (~45 US$/t). 

The optimisation was consequently executed using profit factorisation in increments of 1 percent up 

to 100 percent to create the nested pit shells. 

The full results of the LG phases can be found in Annex 1. The most relevant phases for this analysis 

(up to 40 percent factor) are reflected in Table 3 and Figure 2: 

Figure 1- Slope Region for Pit Optimisation 
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Table 3 – Results of Base Case LG Phases  

 

 

Figure 2 - Base Case LG Phases Chart 

The pit selection was made based on the goals defined and Pit 32 (highlighted in orange in Table 3 

and in red in Figure 2) was chosen as the final pit shell. 

It is important to highlight that the tonnage reported in Table 3 is purely in-situ. The adjustment 

factors used for mining recovery and mining dilution as shown in Table 2 are applied to the 

economic calculations only. To assess the tonnage in real terms it is necessary to factorise the in-situ 

results presented, based on the adjustment assumptions. All the reports and comparisons presented 

here were based on in-situ tonnages, except where clearly indicated. 

Phase/Code Phase Factor NPV Profit Revenue Processing CostMining Cost Rock Total Ore Total Waste

Pit 1 (1) Pit 1 1% 3 822 737          3 862 095          4 578 235            525 144             190 996             47 538                17 960          29 577                1.6 10.6

Pit 2 (2) Pit 2 2% 5 504 739          5 583 863          6 650 621            765 180             301 579             75 086                26 170          48 916                1.9 13.5

Pit 3 (3) Pit 3 3% 7 213 980          7 349 438          8 814 160            1 018 417          446 304             111 115             34 831          76 285                2.2 16.7

Pit 4 (4) Pit 4 4% 8 555 989          8 745 786          10 505 966          1 198 720          561 460             139 747             40 997          98 750                2.4 18.7

Pit 5 (5) Pit 5 5% 9 265 822          9 488 232          11 435 060          1 308 101          638 727             158 948             44 738          114 210             2.6 20.7

Pit 6 (6) Pit 6 6% 9 741 936          9 988 207          12 114 996          1 415 489          711 300             177 000             48 411          128 589             2.7 19.8

Pit 7 (7) Pit 7 7% 10 847 220        11 153 979        13 557 366          1 554 962          848 424             211 061             53 181          157 880             3.0 28.7

Pit 8 (8) Pit 8 8% 11 265 914        11 597 209        14 141 247          1 629 365          914 673             227 506             55 726          171 780             3.1 26.0

Pit 9 (9) Pit 9 9% 12 103 004        12 486 767        15 301 773          1 766 777          1 048 229          260 674             60 425          200 248             3.3 28.4

Pit 10 (10) Pit 10 10% 12 599 518        13 016 562        16 001 010          1 857 264          1 127 184          280 288             63 520          216 768             3.4 25.5

Pit 11 (11) Pit 11 11% 13 501 756        13 983 285        17 261 587          1 990 315          1 287 988          320 147             68 070          252 077             3.7 35.3

Pit 12 (12) Pit 12 12% 13 805 578        14 309 839        17 704 538          2 040 444          1 354 255          336 635             69 785          266 851             3.8 38.6

Pit 13 (13) Pit 13 13% 14 634 773        15 205 191        18 976 692          2 218 976          1 552 525          385 930             75 891          310 040             4.1 32.5

Pit 14 (14) Pit 14 14% 15 938 044        16 621 401        20 883 280          2 414 370          1 847 509          458 908             82 573          376 334             4.6 44.1

Pit 15 (15) Pit 15 15% 16 222 732        16 931 995        21 317 767          2 461 610          1 924 162          477 939             84 189          393 750             4.7 47.4

Pit 16 (16) Pit 16 16% 16 445 206        17 175 154        21 682 440          2 510 349          1 996 937          495 946             85 856          410 090             4.8 43.7

Pit 17 (17) Pit 17 17% 17 189 013        17 991 294        22 872 978          2 663 706          2 217 978          550 733             91 101          459 632             5.0 42.1

Pit 18 (18) Pit 18 18% 18 757 268        19 726 513        25 382 534          2 945 174          2 710 847          672 072             100 727       571 345             5.7 51.2

Pit 19 (19) Pit 19 19% 19 579 337        20 642 675        26 738 638          3 102 479          2 993 485          742 018             106 107       635 911             6.0 52.5

Pit 20 (20) Pit 20 20% 19 818 413        20 910 030        27 148 479          3 155 373          3 083 077          764 179             107 916       656 263             6.1 49.5

Pit 21 (21) Pit 21 21% 20 379 728        21 540 922        28 167 763          3 319 326          3 307 515          819 798             113 524       706 274             6.2 40.0

Pit 22 (22) Pit 22 22% 21 919 542        23 285 660        30 789 112          3 605 928          3 897 524          964 688             123 326       841 363             6.8 60.2

Pit 23 (23) Pit 23 23% 23 017 982        24 540 920        32 723 584          3 819 985          4 362 679          1 079 821          130 646       949 174             7.3 63.5

Pit 24 (24) Pit 24 24% 23 294 278        24 858 298        33 281 188          3 909 884          4 513 006          1 117 034          133 721       983 313             7.4 48.9

Pit 25 (25) Pit 25 25% 23 498 892        25 093 753        33 648 300          3 949 739          4 604 807          1 139 817          135 084       1 004 733          7.4 67.4

Pit 26 (26) Pit 26 26% 23 544 985        25 146 852        33 752 422          3 972 728          4 632 842          1 146 772          135 870       1 010 902          7.4 35.7

Pit 27 (27) Pit 27 27% 23 634 460        25 249 979        33 918 613          3 988 546          4 680 088          1 158 318          136 411       1 021 906          7.5 87.3

Pit 28 (28) Pit 28 28% 24 323 579        26 046 708        35 192 887          4 106 573          5 039 606          1 246 289          140 448       1 105 841          7.9 89.1

Pit 29 (29) Pit 29 29% 24 462 751        26 207 969        35 461 546          4 138 570          5 115 008          1 264 752          141 542       1 123 210          7.9 68.9

Pit 30 (30) Pit 30 30% 24 885 727        26 699 367        36 289 811          4 228 884          5 361 560          1 325 691          144 631       1 181 060          8.2 79.8

Pit 31 (31) Pit 31 31% 24 982 521        26 812 003        36 498 394          4 258 422          5 427 969          1 342 037          145 641       1 196 396          8.2 65.8

Pit 32 (32) Pit 32 32% 25 121 994        26 974 459        36 784 405          4 290 602          5 519 344          1 364 503          146 742       1 217 761          8.3 83.0

Pit 33 (33) Pit 33 33% 25 977 994        27 979 163        38 631 882          4 526 302          6 126 418          1 514 411          154 803       1 359 608          8.8 75.3

Pit 34 (34) Pit 34 34% 26 430 064        28 513 077        39 662 206          4 686 521          6 462 608          1 596 970          160 283       1 436 688          9.0 61.3

Pit 35 (35) Pit 35 35% 26 487 097        28 580 511        39 791 343          4 704 924          6 505 909          1 607 632          160 912       1 446 720          9.0 68.8

Pit 36 (36) Pit 36 36% 27 234 374        29 469 712        41 528 808          4 944 537          7 114 559          1 757 041          169 107       1 587 934          9.4 74.3

Pit 37 (37) Pit 37 37% 27 931 207        30 307 898        43 243 752          5 206 532          7 729 323          1 908 014          178 067       1 729 947          9.7 68.6

Pit 38 (38) Pit 38 38% 28 004 147        30 395 771        43 417 201          5 227 243          7 794 187          1 923 901          178 776       1 745 125          9.8 91.5

Pit 39 (39) Pit 39 39% 28 028 522        30 425 144        43 471 627          5 232 333          7 814 150          1 928 788          178 950       1 749 838          9.8 114.7

Pit 40 (40) Pit 40 40% 28 471 911        30 961 656        44 550 139          5 353 011          8 235 471          2 032 403          183 077       1 849 325          10.1 102.1

USD Tonnes  Strip 

Ratio 

Inc. Mining Cost/ 

Inc. ore tonnes

 LG Phases 



 

  

16 

© 2014 Datamine | Use or disclosure of this document is subject to the restrictions on the title page of this document. 

The in-situ ore tonnage of 146,000 t matches the production required for the desired 19 months of 

plant feed. The target threshold for the ratio between incremental mining costs per incremental ore 

tonnes mined could not be achieved. The target of 45 US$/t of ore mined would lead to an 

undesirably small pit (Pit 14 or Pit 15). 

Considering that ore is readily available in an open pit operation as well as the financial benefits of 

generating early and sustainable cash flow during the first years of operation, the Pit 32 is an 

appropriate choice for the final pit shell. 

Figure 3 and Figure 4 present the selected Pit 32 in the context of the current topography, as well as 

the lodes within the excavation. 

 

Figure 3 - Plan View of Optimised Pit Shell (Pit 32) and Ore Body 

 

 

Figure 4 - Orthogonal View of Optimised Pit Shell (Pit 32) and Ore Body 
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3. Final Pit Design 
A final pit design was created based on the chosen pit shell after the pit optimisation stage. The 

objective of this stage is to create an operational design taking into consideration equipment 

dimensions, access to the various benches, safety and geotechnical compliance. It is vital to produce 

a design that adheres as closely as possible to the pit optimisation shell, ensuring alignment with the 

defined strategy.  

The parameters used and the results obtained are described below. 

 

3.1. Design Criterion 
The pit walls were designed based on the recommendations provided by Bara Consulting’s 

geotechnical report (Appendix 1). For a 10 m bench height with interim 5 m flitches, the applied 

parameters are listed below and presented in Figure 5: 

 Safety berm = 5.5 m 

 Flitch berm = 1 m 

 Flitch face angle = 70 degrees 

 Bench face angle = 65 degrees 

 Toe to toe angle = 44.6 degrees 

 Overall slope angle (for 6 benches) = 49.6 degrees. 

 

Figure 5 - Schematic Representation of Pit Design Parameters 

The ramp designs are based on a single-lane carriage operation with maximum gradient of 10 percent 

and 6 m road width. 

The mining kit estimated for the open cast operation consists of one excavator with a 2 m3 bucket 

capacity (heaped) associated with three haul trucks with approximately 18-t payload capacity. 

The width of such excavators (e.g. CAT 320) will be between 3.2 and 3.5 m. Appropriate trucks (e.g. 

Bell ADT B18E) are expected to be 2.4 m wide. 
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The minimum mining width accepted was defined as 6 m to comply with the suggested truck and 

excavator dimensions. 

 

3.2. Design Results 
The final pit design was evaluated and compared with the optimisation shell. Table 4 and Table 5 and 

Figure 6 and Figure 7 summarise the results obtained (in-situ values): 

Table 4- Incremental Inventories for Pit Design and Pit Optimisation (in-situ) 

 

 

Figure 6- Incremental Waste and Ore Inventories by Bench (tonnes) 

 

Incremental

Bench Waste (t) Ore (t) Metal (kg) WO3 (Kg/t) Waste (t) Ore (t) Metal (kg) WO3 (Kg/t)

975 0                      -                  -                  0.00 -                  -                  -                  0.00

970 1 514              -                  -                  0.00 -                  -                  -                  0.00

965 5 430              -                  -                  0.00 1 143              -                  -                  0.00

960 28 485            560                 2 479              4.43 12 038            560                 2 479              4.43

955 61 190            4 005              13 539            3.38 40 457            2 661              13 136            4.94

950 121 705         6 840              33 437            4.89 85 321            4 901              31 760            6.48

945 146 509         9 183              92 567            10.08 121 781         9 815              94 537            9.63

940 212 864         16 343            180 736         11.06 177 021         16 844            182 124         10.81

935 219 610         21 023            240 435         11.44 199 083         21 609            242 179         11.21

930 222 456         20 010            233 185         11.65 184 280         20 667            238 889         11.56

925 167 862         19 440            231 860         11.93 146 785         19 750            238 019         12.05

920 123 697         15 391            196 403         12.76 101 206         15 544            198 016         12.74

915 66 952            9 552              119 507         12.51 67 588            11 330            144 280         12.73

910 49 634            8 994              113 383         12.61 43 282            8 746              110 372         12.62

905 18 775            7 325              92 568            12.64 24 440            7 437              94 752            12.74

900 6 184              4 693              63 780            13.59 10 717            4 881              67 294            13.79

895 -                  -                  -                  0.00 2 618              1 998              30 021            15.03

Total 1 452 869      143 360         1 613 880      11.26 1 217 760      146 743         1 687 858      11.50

Pit Design Optimization
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Table 5 - Accumulated Inventories for Pit Design and Pit Optimisation (in-situ) 

Figure 7 - Accumulated Waste and Ore Inventories by Bench (tonnes) 

The total ore tonnage contained in the final pit design is 2.3 percent smaller than the target pit design. 

Such a loss is expected due to the nature of the pit optimisation exercise, where a number of blocks 

are selected as part of the optimal pit, but in terms of engineering design are hardly able to be 

included. The 2.3 percent is an acceptable loss in terms of industry best practice. 

In terms of overall rock tonnage, the final design is 17 percent higher than the target pit optimisation. 

The narrow nature of the pit and the requirement to achieve maximum recovery of the ore body 

introduced the extra tonnage into the design. Although slightly high, it is still reasonable for narrow 

vertical deposits such as the one presented here. 

Figure 8 and Figure 9 illustrate the final pit design given the current topography. 

On the western part of the pit, the haul routes were carefully positioned on the northern wall to avoid 

unnecessary undercutting of the hilly topography on the southern wall. Furthermore, the pit exit was 

aimed to be on the lowest possible RL to reduce in-pit hauling. The strategy adopted is depicted in 

Figure 8. 

Accumulated

Bench Waste (t) Ore (t) Metal (kg) WO3 (Kg/t) Waste (t) Ore (t) Metal (kg) WO3 (Kg/t)

975 0                      -                  -                  0.00 -                  -                  -                  0.00

970 1 515              -                  -                  0.00 -                  -                  -                  0.00

965 6 944              -                  -                  0.00 1 143              -                  -                  0.00

960 35 430            560                 2 479              4.43 13 181            560                 2 479              4.43

955 96 620            4 564              16 018            3.51 53 638            3 221              15 615            4.85

950 218 325         11 405            49 455            4.34 138 959         8 122              47 375            5.83

945 364 834         20 588            142 023         6.90 260 740         17 937            141 912         7.91

940 577 698         36 931            322 759         8.74 437 761         34 781            324 036         9.32

935 797 308         57 954            563 193         9.72 636 844         56 390            566 215         10.04

930 1 019 765      77 964            796 378         10.21 821 124         77 057            805 104         10.45

925 1 187 627      97 404            1 028 238      10.56 967 909         96 807            1 043 123      10.78

920 1 311 324      112 795         1 224 641      10.86 1 069 115      112 351         1 241 139      11.05

915 1 378 275      122 347         1 344 148      10.99 1 136 703      123 681         1 385 419      11.20

910 1 427 909      131 341         1 457 531      11.10 1 179 985      132 427         1 495 791      11.30

905 1 446 684      138 666         1 550 099      11.18 1 204 425      139 864         1 590 543      11.37

900 1 452 869      143 360         1 613 880      11.26 1 215 142      144 745         1 657 837      11.45

895 1 452 869      143 360         1 613 880      11.26 1 217 760      146 743         1 687 858      11.50

Pit Design Optimization
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Figure 8 - Plan View of Pit Design with Highlighted Haul Road 

  

 

Figure 9 - Orthogonal View of Pit Design and Optimised Shell 
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4. Production Schedule 
Due to the small production and short life of mine, the scheduling process for the RHA Tungsten 

open pit  aimed mainly to keep a constant ore feed to the plant and to have a very tight control of 

the mine strip ratio. It was preferable to have a lower strip ratio in the first months and, if an 

increased amount of waste mining was necessary, the adopted strategy was to delay such stripping 

event for as long as possible. Such a strategy would guarantee the best possible cash flow in the 

beginning of the LOM, which is essential for the operation. 

 

4.1. Production Targets, Operational Strategies and Equipment Details 
During the optimisation process depicted in Table 2, the value of 95 percent mining recovery was set 

(5 percent mining loss). For the mining dilution, a factor of 10 percent was introduced. Those factors 

were used to calculate an in-situ ore production target.  

In real terms, ore should be fed to the plant at a rate of 8,000 tonnes per month (tpm). Considering 

the above-mentioned factors, the in-situ ore target mined from the pit must be 7,656 tpm. This is 

based on the following calculation: 

𝐼𝑛 − 𝑠𝑖𝑡𝑢 𝑂𝑟𝑒 𝑇𝑜𝑛𝑛𝑒𝑠 𝑇𝑎𝑟𝑔𝑒𝑡 =
Real Terms Ore Tonnes Target × Mining Recovery 

Mining Dilution
 

 

𝐼𝑛 − 𝑠𝑖𝑡𝑢 𝑂𝑟𝑒 𝑇𝑜𝑛𝑛𝑒𝑠 𝑇𝑎𝑟𝑔𝑒𝑡 =
8,000 × 95% 

110%
= 7,656 

 

The results presented are defined based on in-situ values. Table 9 containing real term values is 

presented in section 5.2. 

The pit will be mined using traditional techniques of drill and blast, and truck and shovel kit. 

Whenever possible, direct excavation (with no drill and blast) would be considered taking advantage 

of potential cost savings. 

The main strategy for the mining operations is to use narrow mining blocks aligned with the ore 

body strike direction, facilitating access to the ore blocks.  

Such a strategy allows mining of the ore blocks at early stage of production and quicker access to ore 

blocks at deeper levels. In addition, a “mini-pushback” strategy was used to open up ore body access 

progressively, making it possible to maintain a low strip ratio at the beginning of the LOM as 

depicted in Figure 10. 
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Figure 10 - Vertical Section View "Mini-pushback" Strategy 

 

4.2. Scenario Configuration 
 

4.2.1. Destinations, calendars and equipment assumptions 
A simple mine configuration setup was used. The ore blocks have the plant as destination and the 

waste blocks are sent to a waste dump destination. 

Initially, the use of a stockpile was considered but as the schedule progressed, it was clear that one 

was not required. On rare occasions, the Run of Mine (ROM) was more than the plant capacity and 

then only by one or two days production; consequently, space to accommodate a stockpile was not 

considered. 

A monthly schedule was created covering the whole pit LOM in 22 periods (months). 

Allowing for an operating roster of 24 hours per day and 25 days per month, the equipment 

operating assumptions were as shown in Table 6.  
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Table 6 - Equipment Operating Assumptions 

Loader CAT320  Truck BELL ADT 18E 

Bucket Capacity 2 m3  Payload 18 T 
Lose Density 1.7 t/m3  Mechanical Availability 80% 
Mechanical Availability 80%  Use of Availability 80% 
Use of Availability 80%  Utilisation 100% 
Utilisation 80%    

 

4.2.2. Configuration of mining blocks  
The mining blocks used for the schedule were 6 m wide with a height of 2.5 m (two 2.5 m blocks 

comprising a 5 m high flitch). The length of the block was variable but was usually between 60 and 

70 m, as depicted in Figure 11. The relatively large length:width ratio was used to enable the overall 

strategic sequence of mining and to minimise the amount of waste mined to allow access to ore 

blocks. 

 

Figure 11 - Orthogonal View of Mining Blocks- colour codes depicts different months 

4.3. Production Schedule Results 
As a sanity check, the total in-situ tonnes for each mining block defined were accumulated and 

compared with the total in-situ tonnes of the designed pit. As expected, no significant difference was 

encountered. The numbers obtained during the comparison can be seen in Table 7. 

Table 7 - Pit Design and Mining Blocks Reserves Comparison (in-situ) 

 

The production schedule was created following the above-mentioned strategies and using the 

mining blocks defined. The results are presented in Table 8, based on in-situ values. 

WASTE (t) ORE (t) METAL (kg) GRADE (kg/t) WASTE (t) ORE (t) METAL (kg) GRADE (kg/t)

1 452 869       143 360           1 613 880       11.3                 1 449 977       143 288           1 613 219       11.3                 

Pit Design Mining Blocks

Waste Difference

-0.20%

Ore Difference

-0.05%

Metal Difference

-0.04%

Grade Difference

0.01%
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Table 8 - Production Schedule Results (in-situ) 

 

As mentioned, the mining strategy was to avoid unnecessary early striping as far as possible.  

Figure 12 shows an aggressive production of ore in the early months of operation. After a low-strip 

ratio during the first three months, production is stabilised at a constant ore:waste ratio from May 

2015 to May 2016, with the exception of a small dip in ore production during October 2015. From 

June to September 2016, higher striping ratios occur but by this stage the main objective of bringing 

positive cash flow to early LOM is already achieved. During the three last months of operation, the 

good stripping ratio levels experienced during LOM are re-established. 

 

Figure 12 - Production Schedule Monthly Profile 

 

PERIODS Dump Plant Stock Total Rock Plant/Stock (kg) Plant/Stock (kg/t)

Period 1 - Mar 2015 11 665             -                   471                   12 136             5 544                          11.76                          

Period 2 - Apr 2015 16 474             4 051               -                   20 524             48 757                        12.04                          

Period 3 - May 2015 45 234             7 656               -                   52 890             85 104                        11.12                          

Period 4 - Jun 2015 74 080             7 656               -                   81 736             79 126                        10.34                          

Period 5 - Jul 2015 76 804             7 656               -                   84 460             78 612                        10.27                          

Period 6 - Aug 2015 76 931             7 529               -                   84 460             78 803                        10.47                          

Period 7 - Sep 2015 74 154             7 581               -                   81 735             90 455                        11.93                          

Period 8 - Oct 2015 78 688             5 772               -                   84 460             17 343                        3.00                            

Period 9 - Nov 2015 74 086             7 650               -                   81 735             64 954                        8.49                            

Period 10 - Dec 2015 76 804             7 656               -                   84 460             95 701                        12.50                          

Period 11 - Jan 2016 76 804             7 656               -                   84 460             91 198                        11.91                          

Period 12 - Feb 2016 71 887             7 124               -                   79 011             63 057                        8.85                            

Period 13 - Mar 2016 76 804             7 656               -                   84 460             78 309                        10.23                          

Period 14 - Apr 2016 74 080             7 656               -                   81 736             97 093                        12.68                          

Period 15 - May 2016 76 804             7 656               -                   84 460             90 191                        11.78                          

Period 16 - Jun 2016 77 939             3 797               -                   81 736             52 922                        13.94                          

Period 17 - Jul 2016 77 515             6 945               -                   84 460             88 738                        12.78                          

Period 18 - Aug 2016 79 272             5 188               -                   84 460             72 700                        14.01                          

Period 19 - Sep 2016 76 335             5 400               -                   81 735             70 538                        13.06                          

Period 20 - Oct 2016 76 801             7 659               -                   84 460             104 350                      13.62                          

Period 21 - Nov 2016 72 576             7 656               -                   80 232             91 073                        11.90                          

Period 22 - Dec 2016 8 241               5 687               -                   13 929             74 196                        13.05                          

Grand Total 1 449 977       143 288           471                   1 593 736       1 613 219                  11.22                          

DESTINATION WO3
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Table 9 summarises the production schedule figures run of mine terms based on the assumptions 

described in Table 2. 

Table 9 – Run of Mine Production Schedule Figures 

 

  

PERIODS Dump Plant Stock Total Rock Plant/Stock (kg) Plant/Stock (kg/t)

Period 1 - Mar 2015 11 643               -                      493                     12 136               5 267                           10.69                           

Period 2 - Apr 2015 16 291               4 233                  -                      20 524               46 319                         10.94                           

Period 3 - May 2015 44 890               8 001                  -                      52 890               80 849                         10.11                           

Period 4 - Jun 2015 73 735               8 001                  -                      81 736               75 170                         9.40                             

Period 5 - Jul 2015 76 460               8 001                  -                      84 460               74 682                         9.33                             

Period 6 - Aug 2015 76 592               7 868                  -                      84 460               74 863                         9.52                             

Period 7 - Sep 2015 73 813               7 922                  -                      81 735               85 933                         10.85                           

Period 8 - Oct 2015 78 428               6 032                  -                      84 460               16 476                         2.73                             

Period 9 - Nov 2015 73 741               7 994                  -                      81 735               61 706                         7.72                             

Period 10 - Dec 2015 76 459               8 001                  -                      84 460               90 916                         11.36                           

Period 11 - Jan 2016 76 460               8 001                  -                      84 460               86 638                         10.83                           

Period 12 - Feb 2016 71 566               7 445                  -                      79 011               59 904                         8.05                             

Period 13 - Mar 2016 76 460               8 001                  -                      84 460               74 394                         9.30                             

Period 14 - Apr 2016 73 735               8 001                  -                      81 736               92 238                         11.53                           

Period 15 - May 2016 76 459               8 001                  -                      84 460               85 682                         10.71                           

Period 16 - Jun 2016 77 768               3 967                  -                      81 736               50 276                         12.67                           

Period 17 - Jul 2016 77 203               7 257                  -                      84 460               84 301                         11.62                           

Period 18 - Aug 2016 79 039               5 421                  -                      84 460               69 065                         12.74                           

Period 19 - Sep 2016 76 092               5 643                  -                      81 735               67 011                         11.87                           

Period 20 - Oct 2016 76 457               8 004                  -                      84 460               99 132                         12.39                           

Period 21 - Nov 2016 72 231               8 001                  -                      80 232               86 519                         10.81                           

Period 22 - Dec 2016 7 986                  5 943                  -                      13 929               70 486                         11.86                           

Grand Total 1 443 508          149 735             493                     1 593 736          1 532 558                   10.20                           

DESTINATION WO3
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5. Dump Design 
Two main dumping areas to contain the waste material mined were considered. The design criteria 

and results are presented below. 

 

5.1. Design Criterion and Operational Strategy 
The design criteria adopted for the dump design were: 

- Dump face slope angle = 35 degrees 

- Waste material loose density = 1.6 t/m3 

- Total tonnage to be stored = ~1,450,000 t (or 906,000 m3). 

The face angle and loose density were based on information provided by the RHA Tungsten team 

and are very much in line with the figures commonly applied in the industry for this type of 

earthworks. 

The capacity of the dump was based on the results presented in the production schedule as 

discussed on section 4. 

 

5.2. Design Results and Operational Strategy 
The strategy is to position the dumps as close as possible to the pit exit and the existing roads in the 

area within the pit rim, as depicted in Figure 13. 

 

Figure 13 - Existing Roads and Pit Rim 

The dumps were positioned as presented in Figure 14. 

 

Existing Roads 

Pit Exit 
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Figure 14- Orthogonal View for Final Dumps Placement  

The goal is to haul most of the material lying above the pit exit (RL 925) via the existing roads and 

dump it on waste dump 1 (east side), as depicted in Figure 14.  

The material lying below pit exit level would preferably be placed on waste dump 2 (west side). 

In terms of capacity, the volumes for each dump were calculated and tonnage estimated based on 

the agreed 1.6 t/m3 loose density adopted. The calculated values are: 

 Waste Dump 1  = 671,000 m3 or equivalent to 1,074,000 t 

 Waste Dump 2  = 235,500 m3 or equivalent to 376,800 t 

 Total    = 906,500 m3 or equivalent to 1,450,800 t. 
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6. Final Considerations 
It is concluded that the in situ total figures for the open pit is 1.6 Mt of rock, of which 143.3kt of ore 

at 11.22 kg of WO3 per tonne of ore. The total metal content in the pit limits are 1,613,219 kg of 

WO3. 

On run of mine basis, considering the 95% mining recovery and 10% mining dilution, the pit contents 

is 149.7kt of ore at 10.20 kg of WO3 per tonne of ore. 

The final pit design was based on a selection of optimization shell at price factor of 32%. 

Economically the pit choice could have been made at a much higher price factor, however, due to 

the underground potential, mining the ore outside of pit 32% leads to more expensive mining costs 

per tonne of ore than the estimated underground mining cost.  

Datamine recommend that the production schedule for the open pit is integrated with an 

underground production schedule to produce a master schedule. That would validate the final pit 

selection choice and the decision when to change from open cast to underground operation. 
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7. ANNEXES 

7.1. Annex 1 

 

 

Phase/Code Phase Factor NPV Profit Revenue Processing CostMining Cost Rock Total Ore Total Waste

Pit 1 (1) Pit 1 1% 3 822 737          3 862 095          4 578 235            525 144             190 996             47 538                17 960          29 577                1.6 10.6

Pit 2 (2) Pit 2 2% 5 504 739          5 583 863          6 650 621            765 180             301 579             75 086                26 170          48 916                1.9 13.5

Pit 3 (3) Pit 3 3% 7 213 980          7 349 438          8 814 160            1 018 417          446 304             111 115             34 831          76 285                2.2 16.7

Pit 4 (4) Pit 4 4% 8 555 989          8 745 786          10 505 966          1 198 720          561 460             139 747             40 997          98 750                2.4 18.7

Pit 5 (5) Pit 5 5% 9 265 822          9 488 232          11 435 060          1 308 101          638 727             158 948             44 738          114 210             2.6 20.7

Pit 6 (6) Pit 6 6% 9 741 936          9 988 207          12 114 996          1 415 489          711 300             177 000             48 411          128 589             2.7 19.8

Pit 7 (7) Pit 7 7% 10 847 220        11 153 979        13 557 366          1 554 962          848 424             211 061             53 181          157 880             3.0 28.7

Pit 8 (8) Pit 8 8% 11 265 914        11 597 209        14 141 247          1 629 365          914 673             227 506             55 726          171 780             3.1 26.0

Pit 9 (9) Pit 9 9% 12 103 004        12 486 767        15 301 773          1 766 777          1 048 229          260 674             60 425          200 248             3.3 28.4

Pit 10 (10) Pit 10 10% 12 599 518        13 016 562        16 001 010          1 857 264          1 127 184          280 288             63 520          216 768             3.4 25.5

Pit 11 (11) Pit 11 11% 13 501 756        13 983 285        17 261 587          1 990 315          1 287 988          320 147             68 070          252 077             3.7 35.3

Pit 12 (12) Pit 12 12% 13 805 578        14 309 839        17 704 538          2 040 444          1 354 255          336 635             69 785          266 851             3.8 38.6

Pit 13 (13) Pit 13 13% 14 634 773        15 205 191        18 976 692          2 218 976          1 552 525          385 930             75 891          310 040             4.1 32.5

Pit 14 (14) Pit 14 14% 15 938 044        16 621 401        20 883 280          2 414 370          1 847 509          458 908             82 573          376 334             4.6 44.1

Pit 15 (15) Pit 15 15% 16 222 732        16 931 995        21 317 767          2 461 610          1 924 162          477 939             84 189          393 750             4.7 47.4

Pit 16 (16) Pit 16 16% 16 445 206        17 175 154        21 682 440          2 510 349          1 996 937          495 946             85 856          410 090             4.8 43.7

Pit 17 (17) Pit 17 17% 17 189 013        17 991 294        22 872 978          2 663 706          2 217 978          550 733             91 101          459 632             5.0 42.1

Pit 18 (18) Pit 18 18% 18 757 268        19 726 513        25 382 534          2 945 174          2 710 847          672 072             100 727       571 345             5.7 51.2

Pit 19 (19) Pit 19 19% 19 579 337        20 642 675        26 738 638          3 102 479          2 993 485          742 018             106 107       635 911             6.0 52.5

Pit 20 (20) Pit 20 20% 19 818 413        20 910 030        27 148 479          3 155 373          3 083 077          764 179             107 916       656 263             6.1 49.5

Pit 21 (21) Pit 21 21% 20 379 728        21 540 922        28 167 763          3 319 326          3 307 515          819 798             113 524       706 274             6.2 40.0

Pit 22 (22) Pit 22 22% 21 919 542        23 285 660        30 789 112          3 605 928          3 897 524          964 688             123 326       841 363             6.8 60.2

Pit 23 (23) Pit 23 23% 23 017 982        24 540 920        32 723 584          3 819 985          4 362 679          1 079 821          130 646       949 174             7.3 63.5

Pit 24 (24) Pit 24 24% 23 294 278        24 858 298        33 281 188          3 909 884          4 513 006          1 117 034          133 721       983 313             7.4 48.9

Pit 25 (25) Pit 25 25% 23 498 892        25 093 753        33 648 300          3 949 739          4 604 807          1 139 817          135 084       1 004 733          7.4 67.4

Pit 26 (26) Pit 26 26% 23 544 985        25 146 852        33 752 422          3 972 728          4 632 842          1 146 772          135 870       1 010 902          7.4 35.7

Pit 27 (27) Pit 27 27% 23 634 460        25 249 979        33 918 613          3 988 546          4 680 088          1 158 318          136 411       1 021 906          7.5 87.3

Pit 28 (28) Pit 28 28% 24 323 579        26 046 708        35 192 887          4 106 573          5 039 606          1 246 289          140 448       1 105 841          7.9 89.1

Pit 29 (29) Pit 29 29% 24 462 751        26 207 969        35 461 546          4 138 570          5 115 008          1 264 752          141 542       1 123 210          7.9 68.9

Pit 30 (30) Pit 30 30% 24 885 727        26 699 367        36 289 811          4 228 884          5 361 560          1 325 691          144 631       1 181 060          8.2 79.8

Pit 31 (31) Pit 31 31% 24 982 521        26 812 003        36 498 394          4 258 422          5 427 969          1 342 037          145 641       1 196 396          8.2 65.8

Pit 32 (32) Pit 32 32% 25 121 994        26 974 459        36 784 405          4 290 602          5 519 344          1 364 503          146 742       1 217 761          8.3 83.0

Pit 33 (33) Pit 33 33% 25 977 994        27 979 163        38 631 882          4 526 302          6 126 418          1 514 411          154 803       1 359 608          8.8 75.3

Pit 34 (34) Pit 34 34% 26 430 064        28 513 077        39 662 206          4 686 521          6 462 608          1 596 970          160 283       1 436 688          9.0 61.3

Pit 35 (35) Pit 35 35% 26 487 097        28 580 511        39 791 343          4 704 924          6 505 909          1 607 632          160 912       1 446 720          9.0 68.8

Pit 36 (36) Pit 36 36% 27 234 374        29 469 712        41 528 808          4 944 537          7 114 559          1 757 041          169 107       1 587 934          9.4 74.3

Pit 37 (37) Pit 37 37% 27 931 207        30 307 898        43 243 752          5 206 532          7 729 323          1 908 014          178 067       1 729 947          9.7 68.6

Pit 38 (38) Pit 38 38% 28 004 147        30 395 771        43 417 201          5 227 243          7 794 187          1 923 901          178 776       1 745 125          9.8 91.5

Pit 39 (39) Pit 39 39% 28 028 522        30 425 144        43 471 627          5 232 333          7 814 150          1 928 788          178 950       1 749 838          9.8 114.7

Pit 40 (40) Pit 40 40% 28 471 911        30 961 656        44 550 139          5 353 011          8 235 471          2 032 403          183 077       1 849 325          10.1 102.1

Pit 41 (41) Pit 41 41% 28 577 652        31 089 789        44 824 699          5 394 549          8 340 361          2 058 062          184 498       1 873 565          10.2 73.8

Pit 42 (42) Pit 42 42% 28 994 274        31 596 542        45 865 715          5 507 297          8 761 876          2 161 464          188 354       1 973 111          10.5 109.3

Pit 43 (44) Pit 43 44% 29 306 682        31 977 675        46 664 852          5 581 612          9 105 565          2 245 261          190 895       2 054 366          10.8 135.3

Pit 44 (45) Pit 44 45% 29 588 391        32 323 117        47 510 647          5 736 219          9 451 312          2 330 128          196 183       2 133 945          10.9 65.4

Pit 45 (46) Pit 45 46% 33 252 795        37 032 977        58 118 026          6 973 028          14 112 021        3 464 293          238 483       3 225 810          13.5 110.2

Pit 46 (47) Pit 46 47% 33 353 456        37 162 193        58 422 522          7 013 118          14 247 211        3 497 132          239 854       3 257 278          13.6 98.6

Pit 47 (48) Pit 47 48% 34 104 367        38 136 950        60 702 570          7 290 169          15 275 451        3 745 538          249 329       3 496 209          14.0 108.5

Pit 48 (49) Pit 48 49% 34 344 590        38 449 372        61 422 953          7 374 050          15 599 531        3 823 947          252 198       3 571 749          14.2 113.0

Pit 49 (50) Pit 49 50% 34 639 832        38 835 355        62 374 039          7 502 870          16 035 815        3 929 731          256 604       3 673 127          14.3 99.0

Pit 50 (52) Pit 50 52% 34 817 281        39 068 025        62 988 394          7 592 143          16 328 227        4 000 966          259 657       3 741 309          14.4 95.8

Pit 51 (53) Pit 51 53% 35 069 562        39 400 225        63 832 124          7 695 296          16 736 603        4 099 098          263 185       3 835 913          14.6 115.8

Pit 52 (54) Pit 52 54% 36 287 945        41 041 580        68 214 225          8 286 799          18 885 846        4 619 566          283 415       4 336 151          15.3 106.2

Pit 53 (55) Pit 53 55% 45 784 765        57 664 792        113 776 127        14 454 686        41 656 649        10 083 422        494 362       9 589 061          19.4 107.9

Pit 54 (56) Pit 54 56% 46 171 604        58 317 513        115 558 198        14 655 578        42 585 107        10 307 269        501 232       9 806 037          19.6 135.1

Pit 55 (57) Pit 55 57% 46 206 286        58 376 037        115 731 566        14 675 959        42 679 570        10 329 576        501 929       9 827 647          19.6 135.5

Pit 56 (58) Pit 56 58% 46 583 189        59 015 728        117 431 551        14 831 827        43 583 995        10 542 663        507 260       10 035 403        19.8 169.7

Pit 57 (59) Pit 57 59% 46 793 895        59 378 623        118 785 421        15 173 747        44 233 051        10 696 290        518 954       10 177 336        19.6 55.5

Pit 58 (60) Pit 58 60% 47 012 467        59 755 484        119 833 467        15 261 303        44 816 679        10 833 309        521 948       10 311 361        19.8 194.9

Pit 59 (61) Pit 59 61% 47 126 677        59 952 857        120 450 108        15 342 641        45 154 610        10 915 509        524 730       10 390 779        19.8 121.5

Pit 60 (62) Pit 60 62% 47 136 884        59 970 498        120 511 222        15 351 574        45 189 151        10 923 891        525 036       10 398 856        19.8 112.9

Pit 61 (64) Pit 61 64% 48 673 619        62 808 847        130 191 575        16 666 606        50 716 121        12 236 496        570 011       11 666 485        20.5 122.9

Pit 62 (65) Pit 62 65% 48 695 938        62 849 304        130 317 260        16 677 125        50 790 831        12 253 891        570 371       11 683 521        20.5 207.5

Pit 63 (68) Pit 63 68% 48 892 496        63 208 111        131 625 242        16 816 052        51 601 079        12 444 556        575 122       11 869 434        20.6 170.5

Pit 64 (69) Pit 64 69% 48 930 169        63 276 821        131 900 930        16 845 362        51 778 748        12 487 487        576 124       11 911 363        20.7 177.3

Pit 65 (70) Pit 65 70% 49 203 138        63 779 403        133 803 780        17 035 049        52 989 328        12 774 036        582 612       12 191 424        20.9 186.6

Pit 66 (72) Pit 66 72% 49 403 537        64 153 194        135 443 563        17 283 989        54 006 380        13 017 467        591 126       12 426 342        21.0 119.5

Pit 67 (73) Pit 67 73% 49 699 950        64 708 838        137 714 147        17 490 930        55 514 379        13 372 554        598 203       12 774 351        21.4 213.1

Pit 68 (74) Pit 68 74% 49 956 243        65 205 871        140 378 888        18 004 746        57 168 272        13 764 150        615 776       13 148 374        21.4 94.1

Pit 69 (75) Pit 69 75% 50 134 143        65 547 109        141 932 105        18 150 492        58 234 503        14 012 556        620 761       13 391 795        21.6 213.9

Pit 70 (77) Pit 70 77% 50 144 474        65 566 929        142 080 293        18 196 125        58 317 239        14 032 003        622 322       13 409 682        21.5 53.0

Pit 71 (78) Pit 71 78% 50 171 441        65 618 628        142 351 892        18 225 499        58 507 765        14 078 343        623 326       13 455 017        21.6 189.8

Pit 72 (79) Pit 72 79% 50 269 829        65 808 916        143 478 303        18 360 852        59 308 536        14 267 960        627 955       13 640 004        21.7 173.0

Pit 73 (80) Pit 73 80% 50 270 814        65 810 811        143 490 350        18 362 170        59 317 370        14 270 080        628 001       13 642 080        21.7 192.0

Pit 74 (81) Pit 74 81% 50 592 272        66 456 771        147 383 128        18 835 872        62 090 485        14 925 185        644 201       14 280 984        22.2 171.2

Pit 75 (82) Pit 75 82% 50 609 358        66 490 329        147 610 472        18 870 755        62 249 387        14 963 812        645 395       14 318 418        22.2 133.1

Pit 76 (83) Pit 76 83% 50 744 876        66 762 553        149 533 104        19 112 913        63 657 639        15 297 687        653 677       14 644 010        22.4 170.0

Pit 77 (84) Pit 77 84% 50 747 234        66 767 214        149 566 351        19 116 359        63 682 778        15 303 845        653 794       14 650 051        22.4 214.9

Pit 78 (85) Pit 78 85% 50 974 788        67 251 647        153 523 755        19 720 784        66 551 325        15 976 583        674 466       15 302 117        22.7 138.8

Pit 79 (87) Pit 79 87% 50 985 743        67 273 829        153 747 796        19 753 660        66 720 307        16 017 256        675 591       15 341 665        22.7 150.2

Pit 80 (88) Pit 80 88% 50 986 508        67 275 376        153 764 334        19 755 959        66 732 999        16 020 320        675 669       15 344 650        22.7 162.7

Pit 81 (89) Pit 81 89% 51 237 573        67 853 665        159 801 547        20 557 258        71 390 624        17 116 752        703 074       16 413 678        23.3 170.0

Pit 82 (91) Pit 82 91% 51 268 436        67 919 110        160 651 062        20 668 221        72 063 731        17 278 319        706 869       16 571 450        23.4 177.4

Pit 83 (92) Pit 83 92% 51 268 765        67 919 796        160 663 123        20 670 640        72 072 687        17 280 440        706 952       16 573 488        23.4 107.9

Pit 84 (93) Pit 84 93% 51 269 451        67 921 231        160 692 784        20 676 162        72 095 391        17 285 898        707 141       16 578 757        23.4 120.1

Pit 85 (94) Pit 85 94% 51 304 008        68 000 572        162 416 623        20 968 258        73 447 792        17 601 280        717 131       16 884 149        23.5 135.4

Pit 86 (96) Pit 86 96% 51 338 023        68 080 720        164 604 427        21 214 273        75 309 433        18 037 608        725 545       17 312 063        23.9 221.3

Pit 87 (97) Pit 87 97% 51 355 683        68 120 706        165 890 058        21 324 808        76 444 544        18 298 770        729 325       17 569 444        24.1 300.3

Pit 88 (98) Pit 88 98% 51 356 780        68 123 107        166 041 659        21 351 783        76 566 769        18 328 215        730 248       17 597 968        24.1 132.4

Pit 89 (99) Pit 89 99% 51 360 497        68 132 415        166 778 509        21 475 135        77 170 960        18 472 216        734 466       17 737 749        24.2 143.2

Pit 90 (100) Pit 90 100% 51 360 935        68 133 634        167 105 776        21 529 805        77 442 337        18 536 495        736 336       17 800 159        24.2 145.1

USD Tonnes  Strip 

Ratio 

Inc. Mining Cost/ 

Inc. ore tonnes

 LG Phases 
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8. Appendixes 

8.1. Appendix 1 – Geotechnical Design Aspects for the RHA 

Tungsten Mine – Conceptual Design by Bara Consulting 
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EXECUTIVE SUMMARY 

 

Bara Consulting (Pty) Ltd (Bara) was requested by Premier African Minerals Ltd (PAM) to conduct a concept 

level geotechnical investigation of the RHA Tungsten Mine situated within the Matabeleland, North 

Province of Zimbabwe.  

 

The conceptual design had to include an investigation into an open pit which will be excavated to a depth 

of approximately 40 m as well as an underground long hole open stoping mining method up to a depth of 

approximately 200 m below surface. Limited geotechnical information, literature studies and a site visit 

enabled the derivation of quartz-schist-biotite (ore body) properties (tabulated below).   

 

ROCK PROPERTIES AT RHA TUNGSTEN PROJECT 

Rock Property Units 
Schist 

Tunnels Slopes 

UCS (Mean) MPa 75 3.85 

Density ρ (kg/m3) kg/m3 2850 

Ore Body Thickness m 1.5 to 2.5 

Q Index Rating - 3.8 1.75 

RMR Rating - 56.01 40 

 

A geotechnical concept level study on the tunnel support requirements and tunnel span, pillar formulation, 

panel span, individual bench face angles and overall slope design for RHA was completed and a summary of 

the more pertinent rock engineering design aspects are contained in the following tables. 



 

 

 

 

OPEN PIT DESIGN 

Number 
Rock Engineering 

Criteria 
Sub-criteria 

Value 
 

1 Rock Mass Rating 
Assumed rock mass parameter based on open 
pit observations and expected conditions. 

40 

2 Bench Width 
Bench Widths were based on the SME Mining 
Engineering Handbook (1992). 

6.5 m 

3 Bench Height 
Evenly distributed bench heights assuming 
poor conditions within the expected material. 

10 m 

4 Overall Slope Angle 
Based on adjusted MRMR and Haines, 
Terbrugge (1991) design chart for open pits. 

49.7 ° ≈ 50 ° 

5 
Individual Bench 

Face Angle 
Back calculated, not assessed using numerical 
analysis. 

70.01 ° ≈ 70 ° 

 



 

 

 

 

UNDERGROUND DESIGN 

Number 
Rock Engineering 

Criteria 
Sub-criteria Value 

1 
Maximum Span of 

Ore Drives and 
Decline 

Span assessed according to the expected 
ground conditions and rock mass 
characteristics 

5.0 m 

2 Tendon length 
Lengths determined for the ore drives and 
decline spans 

2.1 m 

3 Tendon spacing 
Spacing derived from Q ratings, excavation 
span and tendon support pressure 

1.2m x 1.5m 

4 
Length of crown 

pillar along the  ore-
body 

Distance along the ore body between the 
assumed pit floor and the start of underground 
strike level development 

26.0 m 

5 
Maximum Vertical 
Span between Sill 

Pillars 

Maximum sill pillar spacing between the sill 
pillars before hangingwall caving initiates. 
Based on an ore body width of 2.5 m. 

60.0 m 

6 
Strike Span between 

Rib Pillars 

Strike span based on a 1.5 more body width. 80.0 m 

Strike span based on a 2.5 more body width. 75.0 m 

Strike span based on a 5 more body width. 35.0 m 

7 Sill Pillar Widths 

Based on an ore body of 1.5 m 2.5 m 

Based on an ore body of 2.5 m 2.5 m 

Based on an ore body of 5 m 4.0 m 

8 Rib Pillar Widths 
Determined to prevent brittle failure utilizing a 
width to height ratio of 2.0. 

5.0 m 

9 Extraction Ratio 

Ore body of 1.5 m 90.67 

Ore body of 2.5 m 89.60 

Ore body of 5 m 82.03 
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1  INTRODUCTION 

 

Bara Consulting (Pty) Ltd was requested by Premier African Minerals Ltd. (PAM) to conduct a 

concept level geotechnical investigation of the RHA Tungsten Mine. The project area is located in 

the Matabeleland, North province of Zimbabwe, Africa.  

 

It is understood that the project will comprise of an open pit mine up to a maximum depth of 40 m 

as well as an underground design which will entail a long hole open stoping mining method up to a 

depth of approximately 200 m. 

 

The designs presented in this report are based on limited data obtained from Premier African 

Minerals Ltd,  but did include a visit to the old underground workings as well as the existing open 

pit.  Empirical data was gathered on which to base the concept designs the following aspects should 

be noted with respect to the work completed:  

o The work did not include numerical assessments. 

o The design was not based on comprehensive geotechnical logging and data acquisition results, 

nor  

o No rock testing programmes and or data acquisition programs were undertaken. 

 

1.1 Project Location  
The RHA Tungsten deposit is located approximately 20 km south-east of Hwange and 270 

km north of Bulawayo, Zimbabwe. The project area is situated approximately 100 km from 

the Botswana and approximately 40 km from the Zambian border. The location of the 

Tungsten project is shown in Figure 2 1 below. 
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FIGURE 1.1 - RELATIVE POSITION OF THE RHA TUNGSTEN MINE. 

 

 

2  GEOLOGY AND MINERALISATION 

 

RHA mine is situated within the multi-commodity Kamativi Tin Belt and occupies a land holding on a 

low ridge of approximately 850 m long and 300 m wide standing about 120 m above its 

surroundings. Historic mine workings are present and are in the form of adits, open pits, caved 

stopes, trenches, roads, and rock dumps that occupy the surface.  

 

From information received from PAM it was noted that the known mineralised lodes and veins 

occur within an envelope that extends over a strike of approximately 400 m with a maximum width 

of 150 m. The lodes are thought to converge to the east of the property. The lodes strike 

approximately northeast-southwest paralleling the regional trend of Kamativi Inlier.  

 

The host country-rock comprises high-grade, strongly foliated biotite schist’s and paragneisses of 

the Precambrian Dete Inlier belonging to the Tshontada Formation. The formation trends northeast 

on a regional scale, paralleling the trend of the Kamativi Inlier, and dips steeply to the northwest.  

 

The tungsten mineralisation occurs in quartz veins and shear zones within a sequence of quartz-

tourmaline and politic (quartz-biotite-garnet) schists that may be intruded by granite intrusions. 
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The lodes are defined by tourmaline (boron metasomatism) alteration zones, of which at least ten 

have been identified in the diamond drill holes. These appear to converge to the east. To the west, 

they apparently die out forming numerous 1 to 5 cm tourmaline and quartz veins.  

 

The tourmaline lodes may have developed along planes of weakness that opened up above the 

apex of a granite intrusion. Some of this quartz ‘sweated out’ from the tourmaline schist, while 

others carried highly fractionated tungsten-rich fluids from the granite and were deposited within 

the tourmaline lodes. 

  

A later phase of deformation caused shattering of the tourmaline schist and shearing of the quartz 

veins. High metamorphic grades are evident with localised partial melting of the tourmaline schist 

and the quartz biotite schist. The schist’s also show evidence of extreme deformation and mylonite 

bands are common. These lodes are steeply dipping to the northwest at 80° to 90°. Parts of seven 

separate lodes were exploited in the past. The most productive of these was Lode 2. 

 

 

3  DATA ACQUISITION AND MATERIAL PROPERTIES 

 

A site visit was conducted to the RHA Tungsten Mine by Bara which included an investigation to 

the: 

o Underground excavations and stoping areas. 

o Open pit area. 

o Core yard. 

 

The site visit revealed that there is core available, however many of the drilled core had been split, 

for assaying purposes, and that no geotechnical logging was completed for these holes. Rock 

quality (RQD) results were presented within the geological logs, presented by Premier African 

Minerals Ltd, but it could not be established how the RQD was determined. The averaged results 

for the materials presented are indicated in Table 3 1 below. 

 

TABLE 3.1 - RQD VALUES DETERMINED FROM AVAILABLE DATA. 

Analysis  
Ore body (Quartz-Biotite-Garnit 

Schist) 
Host Rock (Schist) Shallow Area 

Average 75.87 85.08 76.06 

STDEV 21.89 18.93 27.29 
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The results were split according to the geological logging data and the description of the material. The 

shallow area RQD was gathered by averaging all the RQD results for the depth range between 0 m and 60 

m. Quartz veins are present within the ore body and the host rock comprises of schist material. 

 

Table 3 2 below indicates the comparative Q and RMR results obtained by completing a scan line 

assessment of the underground environment. Underground observations were also taken into account 

when assessing the rock mass. The results indicate that there are two joint sets within the ore body 

material and one major joint set plus a random pegmatite like feature within the host rock.   

 

TABLE 3.2 - SCAN LINE INFORMATION OBTAINED FROM THE UNDERGROUND SITE VISIT 

Distance from 
(m) 

Distance to 
(m) 

Rock 
Type 

 
RQD Jn Jr Ja Jw SRF Q Q' 

Estimated 
RMR 

0 8 Host Rock  85.00 3 1 2 1 2.5 5.7 14.3 59.66 

8 16 Ore Body  75.00 4 1 2 1 2.5 3.8 9.5 56.01 

16 24 Host Rock  85.00 3 1 2 1 2.5 5.7 14.3 59.66 

24 32 Host Rock  85.00 3 1 2 1 2.5 5.7 14.3 59.66 

 

Observations made within the open pit revealed very stable highwalls and moderately weathered material, 

nonetheless it was highly overgrown and the relative slope angles could not be accurately determined. It 

was estimated from the site observations and highwall conditions that the shallower Q and RMR is in the 

range 1.75 and 40, respectively. 

 

Table 3.3 below indicates the typical material strength properties (obtained from a literature studies) and 

the observed ore body thicknesses. 

 

TABLE 3.3 - ORE BODY STRENGTHS AND RELATIVE THICKNESSES 

Rock properties Units 
Schist  

Tunnels Slopes 

UCS (Mean) MPa 75 3.85 

Density ρ (kg/m3) kg/m3 2850 

Ore Body Thickness m  1.5 to 2.5 

 

 

4  OPEN PIT DESIGN 

 

It has been assumed that the topsoil will be completely pre-stripped prior to mining, therefore the 

thickness of the topsoil has been excluded from the open pit slope design. The open pit mine with 
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the mineralization occurring at various depths is planned at being excavated up to a depth of 

approximately 40 m below ground level. It is important to note that this concept level slope design 

did not take account of: 

o Kinematic feasibility of failure, 

o Limit equilibrium analyses and, 

o Numerical assessments, 

 

4.1 Bench Height  
Mining equipment used to excavate the material determines the bench height. Currently, 

most large mining operations adopt 10 m to 15 m bench heights, with 15 m being the most 

common. Considering the material being mined at RHA, 10 m bench heights are suggested 

due to unknown weathering profiles and due to unknown material properties. 

 

4.2 Bench Width 
Bench widths of 6.5 m are suggested based on the empirical relationships used to optimise 

bench width for containment and catching failure volumes: 

 

 

 

As recommended by the SME Mine Engineering Handbook (1992). 

 

4.3 Overall  Slope Angle  
The overall slope angle was determined using the empirical slope design chart proposed by 

Haines and Terbrugge (1991). The design chart relates the height of the slope and the 

Adjusted Mining Rock Mass Rating (MRMR) value of the material to a stable slope angle 

Figure 4 1 below. 
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FIGURE 4.1 - ADJUSTED MRMR CHART SHOWING OVERALL SLOPE ANGLE  

RHA TUNGSTEN MINE. 

 

The adjusted MRMR was calculated by multiplying the RMR89 to adjustment factors for 

blasting, weathering, orientation and mining induced stresses (Table 4 1 below). 

 

 

TABLE 4.1 - ADJUSTMENT RATING TO CALCULATE THE MRMR 

Domain RMR89 
Adjustments to calculate MRMR 

MRMR 
Blasting Weathering Orientation 

Mining induced 
stresses 

Moderately 
Weathered Schist 

40 0.80 0.86 1.00 1.00 27.52 

 

It is anticipated that normal drilling and blasting will be conducted as the ore body is made 

up of moderately weathered Schist. Discontinuities are present within the schist material 

however due to absence of information for shallower schist material it is assumed that the 

dominant mode of failure will be circular. Mining is anticipated to extend to a depth of 

40m, hence mining induced stresses will be negligible. Weathering adjustment was 

determined using Table 4 2 below. 
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TABLE 4.2 - ADJUSTMENTS FOR WEATHERING (LAUBSHER, 1990) 

Degree of Weathering 
Potential weathering and adjustments (%) 

0.5 years 1 year 2 years 3 years 4 years 4+ years 

Fresh 100 100 100 100 100 100 

Slight 88 90 92 94 94 96 

Moderate 82 84 86 88 88 90 

High 70 72 74 76 76 78 

Complete 54 56 58 60 60 62 

Residual soil 30 32 34 36 36 38 

 

4.4 Slope Configuration 
Using a slope height of 40 m, adjusted MRMR of 27.52 (discussed in the preceding section) 

and a threshold safety factor (SF) of 1.3, an overall slope angle of 50 degrees was 

determined using the empirical slope design chart (Figure 4 1). Individual bench face angles 

had been determined by means of trigonometry formula and has rendered an average 

bench face angle of 70 degrees, however no analytical analysis had been completed to 

confirm the factors of safety in terms of the individual bench angles. 

 

The slope geometrical parameters for schist materials are presented in Table 4 3 below and 

illustrated in Figure 4 2. 

 

TABLE 4.3 - SLOPE CONFIGURATION FOR THE RHA TUNGSTEN MINE 

Geotechnical domain 
Domain 

thickness 
(m) 

No. of 
benches 

Maximum 
bench height 

(m) 

Minimum 
bench width 

(m) 

Overall Slope 
Angle (°) (FOS 

1.3) 

Moderately Weathered Schist 40 4 10 6.5 49.7 
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FIGURE 4.2 - SCHEMATIC OF THE OVERALL SLOPE ANGLE AND INDIVIDUAL BENCH FACE ANGLE. 

 

 

5  UNDERGROUND DESIGN 

This section of the report covers the design aspects of the geotechnical data, discussed in section 4 

above. The design will include the evaluation of the following: 

o Aspects relating to the access philosophy. 

o Decline span and access drives span. 

o Support philosophy. 

o Crown pillar design. 

o Sub-Level Long Hole Open Stopes 

 

5.1 Access Philosophy  
 

5.1.1 Ore Drives and decl ine  

The current access approach being adopted is to access the ore by means of ore 

drives and a spiral ramp system. The spans for the excavations may be up to 6.0m 
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wide (width of the ore body) and 3.5m high. However drives will be narrower at 3m 

where the ore body width is estimated to range between 1.5m and 2.5m.  The Q 

data that had been gathered will be used to determine the optimum unsupported 

span and stand-up time for the schist material.  

 

Barton et al. (1980) provided additional information on tendon length, maximum 

unsupported spans and roof support pressures. The Q-ratings for the individual 

material types can be directly related to maximum unsupported spans and by using 

the excavation support ratio (ESR). The value of ESR (Table 5 1 below) is related to 

the intended use of the excavation and to the degree of security which is 

demanded of the support system installed to maintain the stability of the 

excavation. 

 

TABLE 5.1 - EXCAVATION SUPPORT RATIO, BARTON (1980) 

Excavation Support Ratio Category 

A Temporary mine openings. 2 - 5 

B 

Permanent mine openings, water tunnels for hydro power (excluding high pressure 

penstocks), pilot tunnels, drifts and headings for large excavations. 
1.6 

C 

Storage rooms, water treatment plants, minor road and railway tunnels, surge chambers, 

access tunnels 
1.3 

D 

Power stations, major road and railway tunnels, civil defense chambers, portal 

intersections. 
1.0 

E 

Underground nuclear power stations, railway stations, sports and public facilities, 

factories. 
0.8 

 

By utilizing the ore body Q of 3.8 (ore drives will be excavated within this material) 

and ESR of 1.6 (representing a permanent mine opening) it was determined that 

the maximum span for the drives are to be 5.4m. It is however recommended that 

the drives are excavated at a width of 5.0m, mainly due to the uncertainty of the 

rock mass quality and limited geotechnical information. The height of the 

excavation, 3.5 m, which was recommended within the information received and 

can still be utilized as the exposure to the rock mass is limited. 
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5.1.2 Support Requirements  

It was possible to empirically derive a support system based on the Q data and the 

recommended span of the ore and decline drives. Barton’s formula for determining 

tendon length and tendon spacing was utilized. The formulae uses the excavation 

support ratio, joint roughness ratings, tendon capacity and expected factor of 

safety. 

 

The results rendered a tendon length of 2.1 m and a tendon spacing of 1.2 m by 

1.5m. The results and a schematic of the tendon requirements are shown in Table 5 

2 below and Figure 5 1 below. 

 

TABLE 5.2 - CALCULATED SUPPORT SPACING AND LENGTH 
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Permanent Schist 1.6 1.2 3.8 5 2 2.1 0.120 0.064 1.9 1.4 1.5 1.2 
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FIGURE 5.1 - SCHEMATIC OF REQUIRED SUPPORT SPACING. 



 

 

© Bara Consulting (Pty) Ltd   Page 11 of 22 

Report number: 2014-118-003   October 2014 

 

5.2 Crown Pil lar  Design  
A crown pillar will be required for the life of mine between the surface area and the 

underground workings to: 

o Protect underground workings from flooding; 

o Protect surface infrastructure from subsidence and consequently failure; 

This section provides an assessment of the thickness of crown pillar required where 

underground ore extraction can be planned and scheduled. The critical span model 

developed by Barton (1974) and modified by Golder Associates (1990) has been used to 

estimate the minimum stable crown pillar dimensions. Values for the rock mass rating Q 

and the scaled crown span, Cs, are related to the critical span, Sc. For a given value of Q, 

crown pillars are potentially unstable if the scaled crown span, Cs, is greater than the 

critical span, Sc. 

 

The following parameters were used to define the crown pillar thickness: 

o A minimum q value of 3.8 for the for ore body material. 

o A mass density of 2.85 t/m³. 

A critical span of 5.89 m (Figure 5 2 below) was derived which is used to determine the 

vertical crown pillar thickness (Figure 5 3 below) at which the scaled span is not exceeded. 

A crown pillar thickness of 26 m is suggested which should be measured from the closest 

point where stoping operations will commence near the outcrop of the ore body. 
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FIGURE 5.2 - CRITICAL SPAN BASED ON Q VALUE OF THE ROCK MATERIAL. 
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FIGURE 5.3 - LENGTH OF CROWN PILLAR REQUIRED. 

 

5.3 SUB-LEVEL OPEN STOPING 
 

5.3.1 Span Analys is  

Long hole open stoping will be used as the preferred mining method at the RHA 

mine. The stoping method is a highly effective and selective method of mining and 

can cater for varying ore body dips (0° - 90°) and thicknesses. It differs from manual 

methods such as timbered and shrinkage stoping in that once blasting of the stope 

has begun then no access is allowed.  

 

As open stopes will not be accessed it follows that no support will be installed 

within these stopes.  It is therefore required that these open stopes remain stable 

to avoid massive failure of stopes. Stability of the stopes is based on the 

hangingwall, ore body characteristics and the in-panel pillars which control the 

hangingwall beam tensile zones. It was required to analyze the span between the 

pillars by means of the Modified Stability Graph Method through the use of the 

Modified Stability Number, N', as specified by Potvin (1988), Potvin and 
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Milne(1992) and Bawden (1993). This parameter is similar to the value N proposed 

by Mathews et al. (1981) but has different factor and weighting.  

 

Canadian mines used Potvin's N' while at present mines in Australia, for example, 

use Mathews' analysis and N. Only N' (Potvin) will be considered here. N' is based 

initially on Q', which does not account for water and the stress reduction factor 

(SRF). 

 

The N’ rating is derived by the following formulae, Potvin (1988). 

 

N' = Q' ×A ×B× C 

 

Where: 

“A” is a measure of the ratio of intact rock strength to induced stress, Figure 5 4 

below. As the maximum compressive stress acting parallel to a free stope face 

approaches the uniaxial strength of the rock, factor “A” degrades to reflect the 

related instability due to rock yield. The strength / stress ratio was based upon 

maximum mining depth, up to 250.0m and the monazite rock strength which 

rendered a strength: stress ratio of 10.73 and equates to a rock stress factor of 1. 

 

 

 

FIGURE 5.4 - FACTOR "A" WHICH IS USED TO DETERMINE N'. 

 

“B” is a measure of the relative orientation of dominant jointing with respect to the 

excavation surface, Figure 5 5 below. Joints which form a shallow oblique angle 

with the free face are most likely to become unstable (i.e. to slip or separate). It is 

assumed and from data received during the site visit that the dip angle of the 
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features fall within the sub-parallel range of an alpha angle between 40° and 50° to 

the excavation and therefore a rating of 0.5 was utilized. 

 

 

 

FIGURE 5.5 - "B" FACTOR USED TO DETERMINE THE N'. 

 

“C” is a measure of the influence of gravity on the stability of the face being 

considered. Overhanging stope faces (backs) or structural weaknesses which are 

oriented unfavorably with respect to gravity/sliding have an influence on stability, 

Figure 5 6 below.  

 

For gravitational falls of ground the equation, C = 8   (6 Cos(Dip)), can be used to 

estimate the gravity adjustment factor. The ore body dip varies between 80° and 

90° and thus a face dip angle of 80° was utilized to determine the gravitational 

adjustment factor “C” which is equal to 6.95. 
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FIGURE 5.6 - "C" FACTOR TO DETERMINE N' 

 

Table 5.4 indicates the derived stability numbers for the RHA Tungsten mine which 

will be made up of schist-quartz (ore body) material.  

 

TABLE 5.3 - N' DETERMINED FOR THE ORE BODY MATERIAL, RHA TUNGSTEN MINE 

STABLITY NUMBER FOR ORE BODY 

Domain 
N = Q' x A x B x C 

Q' A B C N 

schist-quartz-biotite material 9.48 1.00 0.50 6.98 33.10 

 

Figure 5.7 indicates the hydraulic radius versus the stability number and shows the 

critical hydraulic radius for the material assessed. The graph indicates that for a 

stability number of 33.10 that a critical hydraulic radius of 9 had to be maintained. 
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FIGURE 5.7 - STABILITY NUMBER N' VERSUS HYDRAULIC RADIUS. 

 

The strike spans for the open stope panels were determined by assessing the 

vertical span to the critical hydraulic radius for the ore body material. This analysis 

was completed for a range of ore-body widths and the final summary based on the 

proposed vertical sill pillar spacing is presented in Table 5 4 below. The maximum 

vertical sill pillar spacing was determined to be 61.0m at an ore body width of 2.5m. 

However a maximum vertical dip span of 60.0m is suggested since this distance fits 

within two level spacing’s of 30 m or 3 levels of 20m. 
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TABLE 5.4 - MAXIMUM VERTICAL STRIKE SPAN BETWEEN SILL PILLARS 

Orebody thickness 
[m] 

Vertical spacing between sill pillars [m] Strike span 
between rib 

pillars 20 25 50 60 

1.50 200 200 200 85 
Maximum strike 

span [m] 
2.50 200 200 130 70 

5.00 135 135 50 35 

 

The individual strike spans were determined by keeping the vertical dip span 

constant at 60.0m and alternating the ore body width, strike span and HR.       

Figure 5 8 below is a graphic representation of the correlation between the strike 

span and orebody width. 
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FIGURE 5.8 - CORRELATION FACTOR BETWEEN STRIKE SPAN AND ORE BODY WIDTH. 

 

5.3.2 Pil lar  Analysis  

The pillar analysis was based on assessment of flexural and rotational failure of the 

individual sill and rib pillars. This assessment took note of the span between these 
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pillars, unit weight of rock material, tensile strength of the rock material, thickness 

of the ore-body, confining stresses, vertical stress, intact rock shear strength and 

ore body dip. 

 

All of the later mentioned parameters were kept constant and only the sill pillar 

thickness and ore-body width was adjusted to determine the appropriate pillar 

widths. Figure 5 9 below indicates the sill pillar widths for varying ore body widths 

and Figure 5 10 below indicates the required rib pillar widths for varying ore-body 

widths. The FOS threshold was kept constant and should not be less than 2.0. 

 

To prevent flexural failure on the sill pillars for the varying ore body widths a 

minimum pillar width of 2.5m must be maintained assuming and ore body width of 

2.5m. This minimum pillar width is the cut-off to maintain a FOS of 2 and more 

throughout the mining section as well as to mitigate the probability of brittle failure 

of undersized in-stope pillars. In essence the sill pillar will be protecting access 

drives and needs to maintain stability. 

 

Sliding of the rib pillars are prevented by applying the FOS threshold of 2.0 and at a 

maximum ore body width of approximately 2.5m which rendered a pillar width of 

2.0m. It was however determined that a minimum pillar width of 5.0m must be 

maintained, mainly due to the limiting extent of the strike spans. This also holds 

true to maintain a pillar width to height ratio of >2.0 to prevent sudden and brittle 

failure. 

 

This however does not affect the extraction potential that still exists and is mainly 

attributed to the extent of the panel strike spans, Figure 5 11 below and Table 5 5 

below. 
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FIGURE 5.9 - SILL PILLAR THICKNESS VERSUS SAFETY FACTOR. 
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FIGURE 5.10 - RIB PILLAR THICKNESS VERSUS SAFETY FACTOR. 
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TABLE 5.5 - CALCULATED EXTRACTION RATIO 

Ore body width  
[m] 

Strike span  
[m] 

Rib pillar  
[m] 

Vertical span  
[m] 

Sill pillar  
[m] 

Total 
area 
[m2] 

Pillar 
area 
[m2] 

Extraction 
ratio  
[%] 

Pillar 
loss 
[%] Ss Rs Vs Sp 

1.50 85.00 5.00 60.00 2.50 5,625 525 90.67 9.33 

2.50 70.00 5.00 60.00 2.50 4,687 487 89.60 10.40 

5.00 35.00 5.00 60.00 4.00 2,560 460 82.03 17.97 
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FIGURE 5.11 - EXTRACTION RATION VERSUS ORE BODY WIDTH. 

 

 

6  CONCLUSION 

The geo-mechanical design provided in this report is based on a concept level of accuracy level. The 

material properties derived were based on limited geotechnical information sourced from 

literature studies and a site visit. If the project is to advances to a prefeasibility (PFS) or bankable 

(BFS) level of study then the following scope of works is envisage 

o Extensive geotechnical logging of available core;  

o Transformation of data into quality parameters;  
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o Soil and rock materials testing;  

o Thickness of ore body to determine actual mining heights; 

o Kinematic analysis, limit equilibrium analysis and numerical modelling to derive optimum slope 

configurations;  

o Waste rock dump buffer zone analysis;  

o Geotechnical risk assessment. 
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EXECUTIVE SUMMARY 

RHA ore, containing about 3.6% WO3 ,is amenable to treatment via crushing and jigging to produce 
a coarse concentrate assaying about 62.7% WO3 and a fines concentrate from grinding ,spiral 
concentration  and tabling upon the jig tails assaying 65.7% WO3.The combined recovery in practice 
of the coarse and fine wolframite should be about 85%. A recommended flowsheet is attached 
overleaf.  
 
The ore is also amenable to pre-concentration via jigging at -25mm, to a product assaying about 
28% WO3 for 80% recovery .The rougher concentrate would then proceed to downstream 
processing via the above indicated process. This route may offer the means to deal with a larger 
volume, lower grade ore from a mechanical mining method. 
 
Limited characterization tests upon the small samples of Lode 1and 2 ore available assaying 1.45 % 
WO3 and 1.52 % WO3 respectively indicate that they would be amenable to the same processing 
methods as outlined above.  
 
Dump 1 and 3 tailings are too low in grade to warrant treatment at 0.06% WO3  and 0.09% WO3 
respectively. 
 
Dump 2 tailing at 0.35% is of reasonable grade, but with a maximum recovery potential of 40% at a 
grade of 39% WO3 treatment is only recommended if a market can be found for a low grade 
concentrate and even then only during periods when the plant would otherwise be idle. 
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NOTES 

1.  This report refers specifically to the sample material received. 
2.  Tap water was used in all tests as required, except where indicated otherwise. 
3.  Abbreviations: 

g/t Grams per tonne 
AV Assay value 

HAF    Head accounted for: the portion of the head grade accounted for by that 
fraction, obtained by multiplying the mass fraction by the assay. The total of 
the HAF column should equal the head assay of the original sample. 

Units The actual mass of WO3, usually in milligrams, reporting to a test product, 
obtained by multiplying the product mass by the product assay. 

Dist The distribution of WO3 to the test products, in percent. 
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1. TEST PROCEDURES 

_______________________________________________________ 
 

1.1 FEED PREPARATION 

 
200kgs bulk ore sample was crushed using a laboratory jaw crusher to 100 % 
passing 25mm, the crushed product was scrubbed and screened on 6mm and 1mm 
screens. The products generated were treated as outlined below.   

1.2 JIG CONCENTRATION ON OVERSIZE (-25 MM + 6MM) PRODUCT 

The oversize product (-25mm + 6mm) was subjected jig concentration using a 
laboratory jig concentrator. Primary jig concentrate was cleaned once and Jig tailings 
were milled via a laboratory rod mill to 100% passing 1 mm and the product 
subjected to spiral concentration as outlined below. 

1.3 JIG CONCENTRATION ON OVERSIZE (-6 MM + 1MM) PRODUCT 

The -6mm + 1mm product was subjected jig concentration as outlined above. 

1.4 SPIRAL CONCENTRATION (TWO-STAGE) TEST 

The -1mm products generated from the crushing/scrubbing and rod milling were 
pulped to 30 % solids and subjected to spiral concentration using SWMS LM 5 
spirals to produce primary concentrate, middlings and tails fractions. The middlings 
and tails products were combined and re-concentrated using the spiral. The two 
concentrates generated were upgraded using Wifrey table as outlined below.  

1.5 WILFREY TABLE CONCENTRATION 

The spiral concentrates generated were upgraded using a Wilfrey table generating 
final concentrate, middlings and table tailings. All products generated were dried 
weighed and assayed. 

1.6 UPGRADING VIA PANNING 

The Wilfrey table concentrates was further upgraded via carefully hand panning. All 
products generated were dried weighed and assayed. 

1.7 MAGNETIC SEPARATION 

The Wilfrey table concentrates was also subjected to magnetic separation producing 
magnetic and non-magnetic products. All products generated were dried weighed 
and assayed. 
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1.8 TESTWORK FLOWSHEET 

 
 

1000kg

Split

200kg

Crush

 -25mm

Screen

6mm

1mm 

 -1mm

Jig Tails Assay Jig Conc Assay

 -6+1  -25+6

Spiral Tails+Mid Assay

 -1mm CombinedConc+ C/Tail

       Tails+Mid

       Conc

Jaw crush

jig tails

Wilfley Tails+Mid Assay

Table Assay Conc Jig Conc Jig  -6+1mm Screen

       Conc  -6+1 1mm

Tail Tails+Mid

 -1mm

Assay Pan Conc Panning Pan Tail Assay

Rod mill

jig tails

Magnetics Magnetic Conc Wilfley Conc Spiral

Assay Separation Table  -1mm

        Tail+ Mid

         Non

         Magnetics        Tail+Mid

Assay Assay Assay

-25mm + 6mm

-6mm + 1mm
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2. ASSAYS 
_______________________________________________________ 
 
Calculated head grades of the bulk sample are shown below. 

2.1 HEAD ASSAYS 

 
Calculated head grade (%WO3)     5.50 
 
Calculated head grade (% Fe)     3.44 

2.2 FULL XRF SCAN ON -6MM +1MM JIG CONCENTRATE 

 

 
2.3 FULL XRF SCAN ON -1MM FINAL TABLE CONCENTRATE  

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

50.93 8.88 0.017 1.36 0.001 0.006 0.025 0.00 0.00

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.045 0.094 0.00 0.00 0.139 0.025 0.086 0.238 0.441

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

61.82 9.64 0.021 1.38 0.013 0.008 0.046 0.00 0.00

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.00 0.084 0.00 0.00 0.136 0.066 0.078 0.239 1.37
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3. RESULTS  

_______________________________________________________ 
 
Results are discussed and summarised below. 

3.1 CRUSHING, SCRUBBING & GRADING ANALYSIS  

 
Table No. 1: Crushing to 100% - 25mm and grading analysis 
 

 

 The calculated head grade of the sample was 5.50 % WO3. 

 Crushing the ore sample to 100% passing 25 mm prior to screening on 6mm 
and 1mm screen realized an oversize product accounting for 52.8% by mass, 
assaying 6.91% WO3 and contained 66.3 % of the total WO3.  

3.2 JIG CONCENTRATION ON OVERSIZE (-25MM + 6MM) 

 
Table No. 2:  Jig concentration upon screen oversize (-25mm+6mm)  

 

 The calculated head grade of the oversize product was 6.91% WO3. 

 Gravity concentration via a Laboratory Jig Concentrator of the -25mm+6mm 
product realised a recovery of 54.6% of test feed to the concentrate which 
assayed 43.82 % WO3 into 8.6% mass yield. 

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

 -25mm + 6mm 105650.0 52.8 52.8 6.91 6.91 7302.0 66.3 66.3
 -6mm + 1mm 44950.0 22.5 75.3 4.61 6.22 2071.6 18.8 85.2
 - 1mm 49400.0 24.7 100.0 3.31 5.50 1632.8 14.8 100.0

Totals (head) 200000.0 100.0 5.50 11006.5 100.0

Mass Assay (%WO3) Distribution %

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 9100.0 8.6 8.6 43.82 43.82 3987.6 54.6 54.6
Jig Cleaner Tail 11400.0 10.8 19.4 16.25 28.49 1853.0 25.4 80.0

Jig Tail 85150.0 80.6 100.0 1.72 6.91 1461.5 20.0 100.0

Totals (head) 105650.0 100.0 6.91 7302.0 100.0

Jig Conc 20500.0 28.49 5840.6 80.0

Mass Assay (%WO3) Distribution
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3.3 JIG CONCENTRATION ON OVERSIZE (-6MM + 1MM) 

 
Table No. 3:  Jig concentration upon screen oversize (-6mm+1mm)  

 

 The calculated head grade of the oversize product was 4.61% WO3. 

 Gravity concentration via a Laboratory Jig Concentrator of the -6mm+1mm 
product realised a recovery of 72.1% of test feed to the concentrate which 
assayed 46.70 % WO3 into 7.1% mass yield. 

 

3.4 JIG CONCENTRATION ON CRUSHED JIG TAILS (-25MM + 6MM JIG TAIL) 

 
Table No. 4:  Jig concentration on crushed -25mm+6m Jig tails  

 

 The calculated head grade of the oversize product was 1.93% WO3. 

 Gravity concentration via a Laboratory Jig Concentrator on crushed -
25mm+6mm product realised a recovery of 44.0% of test feed to the 
concentrate which assayed 28.77 % WO3 into 3.0% mass yield. 

 
 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Conc 1 3200.0 7.1 7.1 46.70 46.70 1494.4 72.1 72.1
Conc 2 1650.0 3.7 10.8 7.70 33.43 127.1 6.1 78.3
Cleaner Tail 16450.0 36.6 47.4 2.02 9.17 331.7 16.0 94.3

Jig Tail 23650.0 52.6 100.0 0.50 4.61 118.4 5.7 100.0

Totals (head) 44950.0 100.0 4.61 2071.6 100.0

Jig Conc. 21300.0 9.17 1953.2 94.3

Mass Assay (% WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 2850.0 3.0 3.0 28.77 28.77 819.9 44.0 44.0
Jig Cleaner Tail 18650.0 19.3 22.3 0.79 4.50 146.8 7.9 51.8
Jig Tail 54350.0 56.3 78.6 0.76 1.82 412.6 22.1 74.0

Undersize 20700 21.4 100.0 2.35 1.93 485.8 26.0 100.0

Totals (head) 96550.0 100.0 1.93 1865.1 100.0

Jig Conc. 21500.0 4.50 966.7 51.8

Mass Assay (%WO3) Distribution
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3.5 UPGRADING OF JIG CONCENTRATES VIA SMALL JIG 

 
Table No. 5:  Upgrading of Jig concentrates via a small jig  

 

 Upgrading of jig concentrates using a small jig realised a recovery of 81.9% of 
test feed to the concentrate which assayed 50.93 % WO3 into 14.2% mass 
yield. 

 

3.6 SPIRAL CONCENTRATION ON -1MM FROM CRUSHING/SCRUBBING 

 
Table No. 6:  Spiral concentration on -1mm product from crushing/scrubbing 
 

 

 The calculated head grade of the sample was 2.96% WO3. 

 Gravity concentration via a Laboratory Spiral Concentrator of the -1mm 
product from the crushing/scrubbing realised recovery of 38.5% of the test 
feed into a mass yield of 6.9% by mass to a product assaying 16.43 % WO3. 

 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 3435.0 14.2 14.2 50.93 50.93 1749.3 81.9 81.9
Jig Tail 20715.0 85.8 100.0 1.87 8.84 386.6 18.1 100.0

Totals (head) 24150.0 100.0 8.84 2136.0 100.0

Jig Conc. 3435.0 50.93 1749.3 81.9

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 3419.0 6.9 6.9 16.43 16.43 561.9 38.5 38.5
Spiral Middling 12400.0 25.1 32.0 2.89 5.81 357.9 24.5 63.0

Spiral Tails 33581.0 68.0 100.0 1.61 2.96 540.8 37.0 100.0

Totals (head) 49400.0 100.0 2.96 1460.6 100.0

Spiral Conc. 15819.0 5.81 919.8 63.0

Mass Assay (%WO3) Distribution
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3.7 UPGRADING OF SPIRAL CONCENTRATES VIA TABLING 

 
Table No. 7:  Upgrading Spiral Concentrates via Tabling 
 

 
 

 The calculated head grade of the spiral concentrate sample was 13.63% 
WO3. 

 Upgrading of the spiral concentrates via Wilfrey table realised recovery of 
32.7% of the test feed into a mass yield of 8.4% by mass to a product 
assaying 52.94 % WO3. 

 

3.8 FURTHER UPGRADING OF TABLE CONCENTRATES VIA PANNING 

 
Table No. 8:  Further upgrading of table concentrates via panning 
 

 
 

 Further upgrading of the table concentrates via panning realised recovery of 
43.8% of the test feed into a mass yield of 37.5% by mass to a product 
assaying 61.82 % WO3. 

  

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 288.1 8.4 8.4 52.94 52.94 152.5 32.7 32.7
W Table Middling 1 1360.3 39.8 48.2 20.94 26.53 284.9 61.1 93.8
W Table Middling 2 168.6 4.9 53.1 3.17 24.37 5.3 1.1 95.0

W Table Tailings 1602.0 46.9 100.0 1.45783 13.63 23.4 5.0 100.0

Totals (head) 3419.0 100.0 13.63 466.1 100.0

Jig Conc. 1648.4 26.53 437.4 93.8

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Pan Conc 108.0 37.5 37.5 61.82 61.82 66.8 43.8 43.8
Pan Tail 180.1 62.5 100.0 47.61 52.94 85.7 56.2 100.0

Totals (head) 288.1 100.0 52.94 152.5 100.0

Pan  Conc. 108.0 61.82 66.8 43.8

Mass Assay (%WO3) Distribution
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3.9 SPIRAL CONCENTRATION ON -1MM FROM ROD MILLING OF JIG TAILS 

 
Table No. 9:  Spiral concentration on -1mm from rod milling of Jig tails 
 

 

 The calculated head grade of the sample was 1.07% WO3. 

 Gravity concentration via a Laboratory Spiral Concentrator of the -1mm 
product from milling of Jig tails realised recovery of 42.3% of the test feed into 
a mass yield of 7.6% by mass to a product assaying 5.95 % WO3. 

 

3.10 UPGRADING OF SPIRAL CONCENTRATES VIA TABLING 

 

Table No. 10:  Upgrading Spiral Concentrates via Tabling 
 

 

 The calculated head grade of the spiral concentrate sample was 5.95% WO3. 

 Upgrading of the spiral concentrates via Wilfrey table realised recovery of 
89.4% of the test feed into a mass yield of 14.8% by mass to a product 
assaying 35.92 % WO3. 

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 10461.0 7.6 7.6 5.95 5.95 622.6 42.3 42.3
Spiral Middlings 10800.0 7.8 15.4 2.32 4.11 250.3 17.0 59.3

Spiral Tailings 116804.1 84.6 100.0 0.51 1.07 598.0 40.7 100.0

Totals (head) 138065.0 100.0 1.07 1470.9 100.0

Spiral  Conc. 21261.0 4.11 872.9 59.3

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 1550.0 14.8 14.8 35.92 35.92 556.7 89.4 89.4
W Table Middling 1 457.0 4.4 19.2 6.33 29.18 28.9 4.6 94.1
W Table Middling 2 4.0 0.0 19.2 0.77 29.13 0.0 0.0 94.1

W Table Tailings 8450.0 80.8 100.0 0.44 5.95 36.9 5.9 100.0

Totals (head) 10461.0 100.0 5.95 622.6 100.0

Jig Conc. 2007.0 29.18 585.7 94.1

Mass Assay (%WO3) Distribution
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3.11 MAGNETIC SEPARATION ON TABLE CONCENTRATES  

Table No. 11: Magnetic Separation on table concentrates  
 

 
 

 Magnetic separation on table concentrates product realised a non magnetic 
product assaying 37.46% WO3. 

3.12 FURTHER UPGRADING OF TABLE CONCENTRATES VIA PANNING 

 
Table No. 12:  Further upgrading of table concentrates via panning 
 

 

 Screen on 600 micron and upgrading of the table concentrates via panning  
realised recovery of 64.1% of the test feed into a mass yield of 39.2% by 
mass to a product assaying 39.69 % WO3. 

3.13 MAGNETIC SEPARATION ON PAN CONCENTRATE 

Table No. 13:  Magnetic Separation on pan concentrate 

 

 Magnetic separation on pan concentrate product realised a non magnetic 
product assaying 44.39% WO3. 

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 12.7 12.7 12.7 25.31 25.31 3.21 8.9 8.9
Non magnetics 87.3 87.3 100.0 37.46 35.92 32.70 91.1 100.0

Totals (head) 100.0 100.0 35.92 35.92 100.0

Magnetics 12.7 25.31 3.21 8.9

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

 - 600um pan conc 39.0 39.2 39.2 39.69 39.69 15.5 64.1 64.1
 - 600um pan tail 37.4 37.6 76.9 7.60 23.98 2.8 11.8 75.9

 +600micron 23.0 23.1 100.0 25.28 24.28 5.8 24.1 100.0

Totals (head) 99.4 100.0 24.28 24.1 100.0

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 6.9 17.8 17.8 24.73 24.73 1.71 10.7 10.7
Non magnetics 32.1 82.2 100.0 44.39 40.90 14.24 89.3 100.0

Totals (head) 39.0 100.0 40.90 15.95 100.0

Magnetics 6.9 24.73 1.71 10.7

Mass Assay (%WO3) Distribution
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3.14 OVERALL RECOVERY 
Results are summarised in the process flow-sheet as follows: 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1000kg

Split PRODUCT GRADE (%)

200kg MASS YIELD (%)

STAGE RECOVERY (%)

Crush HEAD BASIS RECOVERY (%)

 -25mm

Screen

6mm

1mm 

WO3

5.50

100.0

N/A

N/A

 -1mm WO3

WO3 6.91

WO3 4.61 52.80

3.31 22.50 66.30

24.7 18.80 66.30

14.80 18.80

14.80 Jig Tails Jig Clean WO3

 -6+1 WO3  -25+6 con 43.82

Spiral Tails+Mid WO3 0.50 4.54

 -1mm 1.95 CombinedConc+ C/Tail 11.84 WO3 54.60

23.0 WO3 5.70 3.43        Tails+Mid 36.20

WO3 61.50 9.17 1.07 48.26

16.43        Conc 9.10 10.67 45.40

1.70 94.30 30.10

38.50 17.73 Jaw crush

5.70 jig tails

Wilfley Tails+Mid WO3

Table 10.02 WO3 Conc Jig Conc Jig  -6+1mm Screen

       Conc 1.56 50.93 WO3  -6+1 1mm

WO3 67.30 1.72 Tail 28.77 Tails+Mid WO3

52.94 3.83 81.90 WO3 1.43 WO3 1.82

0.14 25.36 1.87 59.40 0.77 37.93

32.70 10.37 13.23 36.5 74.00  -1mm

1.86 18.10 40.60 22.27 WO3

5.60 9.04 2.35

WO3 Pan Conc Panning Pan Tail WO3 10.33

61.82 47.61 Rod mill 26.00

0.05 0.09 jig tails 7.83

43.80 56.20

0.82 1.05

Magnetics Magnetic Conc Wilfley Conc Spiral

WO3 Separation Table  -1mm

25.31 WO3 WO3

12.70 35.92 5.95         Tail+ Mid

8.90 0.77 5.23

0.79 89.40 42.30

8.90 9.96

         Non

         Magnetics        Tail+Mid

WO3 WO3 WO3

37.46 0.74 0.66

87.30 4.46 63.80

91.10 10.60 57.70

8.11 1.06 13.59

-25mm + 6mm

-6mm + 1mm
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4. CONCLUSIONS AND RECOMMENDATIONS  

_______________________________________________________ 

A bulk ore sample from Premier African Minerals, RHA mine was submitted for 
process investigation for the recovery of tungsten via gravity concentration 
processes. 
4.1 CONCLUSIONS 

 Crushing to -25 mm followed by jig concentration produced a concentrate of 
43.82 % WO3 in 8.6% mass pull accounting for 54.6% recovery. 

 Including the jig middling product the recovery becomes 80% into 19.4% mass 
pull at 28.5% WO3. 

 Jigging at -25 mm therefore offers a viable upgrading step to enrich lower grade 
ore ahead of downstream processing. 

 Jigging after crushing to -6 mm + 1mm produced a concentrate grade of 66.7% 
WO3 for 72.1% recovery. Including the jig middlings the recovery increases to 
78.3% for 33 % grade. 

 The combined concentrate can be upgraded via cleaner jig to 50.93% WO3. 

 Spiral concentration upon the -1mm jig tailings achieved a recovery of 59.3% 
into a rougher concentrate. This can be upgraded to 39.7% on a shaking table, 
and probably higher in practice, for a very high table recovery of 89%. 

 Although it is possible to upgrade the concentrate by separating a magnetic 
fraction of lower WO3 grade, the separation is not clean, resulting in the loss of 
WO3 units. 

4.2 RECOMMENDATIONS 

 It is recommended that the 800 kg bulk processing trial be conducted as 
follows: 

 Crush to -6mm. 

 Screen to -1mm 

 Jig concentration and cleaning upon -6 mm + 1mm. 

 Crush jig tailings to -1 mm, combine with primary -1mm. 

 Spiral concentration with scavenger upon -1mm. 

 Cleaning via Wilfrey table upon combined spiral concentrator. 
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APPENDIX A 

 

TESTWORK- DETAILED RESULTS 
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SAMPLE: RHA BULK ORE

TEST 1

METHOD The sample as received  was crushed to 100% passing 25mm and scrubbed in an autogeneous scrubber at 
60% solids concentration. The -25mm product was screened on a 6mm and 1mm screens and the fractions 
subjected to gravity concentration using a laboratory Jig. The -1mm product was subjected to spiral 
concentration. The products were  weighed, dried and assayed.

TEST 1.1 Grading Analysis Results

Tungsten Trioxide Results

Product Units

micron (g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n Cum.

 -25mm + 6mm 105650.0 52.8 52.8 6.91 6.91 7302.04 66.3 66.3
 -6mm + 1mm 44950.0 22.5 75.3 4.61 6.22 2071.63 18.8 85.2
 - 1mm 49400.0 24.7 100.0 3.31 5.50 1632.84 14.8 100.0

Totals (head) 200000.0 100.0 5.50 11006.51 100.0

Iron Results

Product Units

micron (g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n Cum.

 -25mm + 6mm 105650.0 52.8 52.8 2.60 2.60 2751.52 40.0 40.0
 -6mm + 1mm 44950.0 22.5 75.3 2.45 2.56 1102.63 16.0 56.0
 - 1mm 49400.0 24.7 100.0 6.14 3.44 3033.16 44.0 100.0

Totals (head) 200000.0 100.0 3.44 6887.30 100.0

TEST 1.2 Jig Concentration on -25mm +6mm product

Tungsten Trioxide Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 9100.0 8.6 8.6 43.82 43.82 3987.57 54.6 54.6
Jig Cleaner Tail 11400.0 10.8 19.4 16.25 28.49 1852.99 25.4 80.0

Jig Tail 85150.0 80.6 100.0 1.72 6.91 1461.48 20.0 100.0

Totals (head) 105650.0 100.0 6.91 7302.04 100.0

Jig Conc 20500.0 28.49 5840.56 80.0

Mass Assay (%WO3) Distribution

Distribution %

Distribution %

Mass Assay (%WO3)

Mass Assay (%Fe)
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Iron Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Jig Cleaner Conc 9100.0 8.6 8.6 6.73 6.73 612.43 22.3 22.3
Jig Cleaner Tail 11400.0 10.8 19.4 3.90 5.16 444.60 16.2 38.4

Jig Tail 85150.0 80.6 100.0 1.99 2.60 1694.49 61.6 100.0

Totals (head) 105650.0 100.0 2.60 2751.52 100.0
Jig Conc 20500.0 5.16 1057.03 38.4

TEST 1.3 Jig Concentration on -6mm +1mm product

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Conc 1 3200.0 7.1 7.1 46.70 46.70 1494.39 72.1 72.1
Conc 2 1650.0 3.7 10.8 7.70 33.43 127.12 6.1 78.3
Cleaner Tail 16450.0 36.6 47.4 2.02 9.17 331.71 16.0 94.3

Jig Tail 23650.0 52.6 100.0 0.50 4.61 118.41 5.7 100.0

Totals (head) 44950.0 100.0 4.61 2071.63 100.0
Jig Conc. 21300.0 9.17 1953.22 94.3

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Conc 1 3200.0 7.1 7.1 8.80 8.80 281.60 25.5 25.5
Conc 2 1650.0 3.7 10.8 4.35 7.29 71.78 6.5 32.0
Cleaner Tail 16450.0 36.6 47.4 2.01 3.21 330.65 30.0 62.0

Jig Tail 23650.0 52.6 100.0 1.77 2.45 418.61 38.0 100.0

Totals (head) 44950.0 100.0 2.45 1102.63 100.0
Jig Conc. 21300.0 3.21 684.02 62.0

Mass Assay (%Fe) Distribution

Mass Assay (% WO3) Distribution

Mass Assay (% Fe) Distribution
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TEST 1.4 Jig Concentration on -25mm +6mm Jig Tails after crushing to -6mm + 1mm

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 2850.0 3.0 3.0 28.77 28.77 819.89 44.0 44.0
Jig Cleaner Tail 18650.0 19.3 22.3 0.79 4.50 146.76 7.9 51.8
Jig Tail 54350.0 56.3 78.6 0.76 1.82 412.62 22.1 74.0

Undersize 20700 21.4 100.0 2.35 1.93 485.81 26.0 100.0

Totals (head) 96550.0 100.0 1.93 1865.08 100.0
Jig Conc. 21500.0 4.50 966.66 51.8

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Jig Cleaner Conc 2850.0 3.0 3.0 6.42 6.42 182.97 12.8 12.8
Jig Cleaner Tail 18650.0 19.3 22.3 1.13 1.83 210.75 14.8 27.6
Jig Tail 54350.0 56.3 78.6 0.94 1.19 509.26 35.6 63.2

Undersize 20700 21.4 100.0 2.54 1.48 525.78 36.8 100.0

Totals (head) 96550.0 100.0 1.48 1428.75 100.0
Jig Conc. 21500.0 1.83 393.72 27.6

TEST 1.5 Small Jig Concentration on -6mm + 1mm combined concentrates products

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 3435.0 14.2 14.2 50.93 50.93 1749.34 81.9 81.9
Jig Tail 20715.0 85.8 100.0 1.87 8.84 386.63 18.1 100.0

Totals (head) 24150.0 100.0 8.84 2135.97 100.0
Jig Conc. 3435.0 50.93 1749.34 81.9

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Jig Cleaner Conc 3435.0 14.2 14.2 8.88 8.88 305.03 41.0 41.0
Jig Tail 20715.0 85.8 100.0 2.12 3.08 439.16 59.0 100.0

Totals (head) 24150.0 100.0 3.08 744.19 100.0
Jig Conc. 3435.0 8.88 305.03 41.0

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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TEST 1.6 Spiral Concentration on  -1mm product after crushing and scrubbing

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 3419.0 6.9 6.9 16.43 16.43 561.86 38.5 38.5
Spiral Middling 12400.0 25.1 32.0 2.89 5.81 357.95 24.5 63.0

Spiral Tails 33581.0 68.0 100.0 1.61 2.96 540.80 37.0 100.0

Totals (head) 49400.0 100.0 2.96 1460.60 100.0
Spiral Conc. 15819.0 5.81 919.80 63.0

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Spiral Conc 3419.0 6.9 6.9 8.95 8.95 306.00 16.7 16.7
Spiral middling 12400.0 25.1 32.0 3.90 4.99 483.60 26.4 43.1

Spiral Tail 33581.0 68.0 100.0 3.10 3.71 1041.01 56.9 100.0

Totals (head) 49400.0 100.0 3.71 1830.61 100.0
Spiral Conc. 15819.0 4.99 789.60 43.1

TEST 1.7 W.Table Concentration on Spiral concentrates from -1mm product after crushing and scrubbing

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 288.1 8.4 8.4 52.94 52.94 152.50 32.7 32.7
W Table Middling 1 1360.3 39.8 48.2 20.94 26.53 284.87 61.1 93.8
W Table Middling 2 168.6 4.9 53.1 3.17 24.37 5.35 1.1 95.0

W Table Tailings 1602.0 46.9 100.0 1.457832 13.63 23.35 5.0 100.0

Totals (head) 3419.0 100.0 13.63 466.07 100.0
Jig Conc. 1648.4 26.53 437.37 93.8

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W Table Conc 288.1 8.4 8.4 11.07 11.07 31.89 2.7 2.7
W Table Middling 1 1360.3 39.8 48.2 12.55 12.29 170.72 14.3 17.0
W Table Middling 2 168.6 4.9 53.1 8.71 11.96 14.69 1.2 18.2

W Table Tailings 20700 605.4 658.6 4.72 5.30 977.04 81.8 100.0

Totals (head) 3419.0 658.6 34.93 1194.34 100.0
Jig Conc. 1648.4 12.29 202.61 17.0

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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TEST 1.8 Upgrading of W Table concentrates via panning

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Pan Conc 108.0 37.5 37.5 61.82 61.82 66.79 43.8 43.8
Pan Tail 180.1 62.5 100.0 47.61 52.94 85.72 56.2 100.0

Totals (head) 288.1 100.0 52.94 152.51 100.0
Pan  Conc. 108.0 61.82 66.79 43.8

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Pan Conc 108.0 37.5 37.5 9.64 9.64 10.41 32.7 32.7
Pan Tail 180.1 62.5 100.0 11.93 11.07 21.48 67.3 100.0

Totals (head) 288.1 100.0 11.07 31.90 100.0
Pan  Conc. 108.0 9.64 10.41 32.7

TEST 1.9 Spiral Concentration on  -1mm product from rod milled -6 + 1mm Jig tails & -1mm product after  
jaw crushing of -25 + 6mm Jig tails

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 10461.0 7.6 7.6 5.95 5.95 622.56 42.3 42.3
Spiral Middlings 10800.0 7.8 15.4 2.32 4.11 250.33 17.0 59.3

Spiral Tailings 116804.1 84.6 100.0 0.51 1.07 598.04 40.7 100.0

Totals (head) 138065.0 100.0 1.07 1470.94 100.0
Spiral  Conc. 21261.0 4.11 872.89 59.3

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Spiral Conc 10461.0 7.6 7.6 7.74 7.74 810.04 21.5 21.5
Spiral Middlings 10800.0 7.8 15.4 1.06 4.35 114.48 3.0 24.5

Spiral Tailings 116804.1 84.6 100.0 2.44 2.73 2850.02 75.5 100.0

Totals (head) 138065.0 100.0 2.73 3774.53 100.0
Spiral  Conc. 21261.0 4.35 924.52 24.5

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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TEST 1.10 W.Table Concentration on combined rod mill products spiral Concentrates

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 1550.0 14.8 14.8 35.92 35.92 556.74 89.4 89.4
W Table Middling 1 457.0 4.4 19.2 6.33 29.18 28.92 4.6 94.1
W Table Middling 2 4.0 0.0 19.2 0.77 29.13 0.03 0.0 94.1

W Table Tailings 8450.0 80.8 100.0 0.44 5.95 36.87 5.9 100.0

Totals (head) 10461.0 100.0 5.95 622.56 100.0
Jig Conc. 2007.0 29.18 585.66 94.1

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W Table Conc 1550.0 14.8 14.8 14.30 14.30 221.65 27.4 27.4
W Table Middling 1 457.0 4.4 19.2 11.84 13.74 54.11 6.7 34.0
W Table Middling 2 4.0 0.0 19.2 5.50 13.72 0.22 0.0 34.1

W Table Tailings 20700 197.9 217.1 2.58 3.57 534.06 65.9 100.0

Totals (head) 10461.0 217.1 7.74 810.04 100.0
Jig Conc. 2007.0 13.74 275.76 34.0

TEST 1.11 Upgrading of W Table concentrates via magnetic separation

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 12.7 12.7 12.7 25.31 25.31 3.21 8.9 8.9
Non magnetics 87.3 87.3 100.0 37.46 35.92 32.70 91.1 100.0

Totals (head) 100.0 100.0 35.92 35.92 100.0
Magnetics 12.7 25.31 3.21 8.9

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Magnetics 12.7 12.7 12.7 60.61 60.61 7.70 39.2 39.2
Non magnetics 87.3 87.3 100.0 13.69 19.65 11.95 60.8 100.0

Totals (head) 100.0 100.0 19.65 19.65 100.0
Magnetics 12.7 60.61 7.70 39.2

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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TEST 1.12 Grading analysis and panning on W Table concentrates

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

 - 600micron pan conc 39.0 39.2 39.2 39.69 39.69 15.48 64.1 64.1
 - 600micron pan tail 37.4 37.6 76.9 7.60 23.98 2.84 11.8 75.9

 +600micron 23.0 23.1 100.0 25.28 24.28 5.81 24.1 100.0

Totals (head) 99.4 100.0 24.28 24.13 100.0

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

 - 600micron pan conc 39.0 39.2 39.2 21.42 21.42 8.35 50.4 50.4
 - 600micron pan tail 37.4 37.6 76.9 14.49 18.03 5.42 32.7 83.2

 +600micron 23.0 23.1 100.0 12.12 16.66 2.79 16.8 100.0

Totals (head) 99.4 100.0 16.66 16.56 100.0

TEST 1.13 Upgrading of -600micron pan conc via magnetic separation

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 6.9 17.8 17.8 24.73 24.73 1.71 10.7 10.7
Non magnetics 32.1 82.2 100.0 44.39 40.90 14.24 89.3 100.0

Totals (head) 39.0 100.0 40.90 15.95 100.0
Magnetics 6.9 24.73 1.71 10.7

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Magnetics 6.9 17.8 17.8 49.23 49.23 3.41 24.0 24.0
Non magnetics 32.1 82.2 100.0 33.65 36.42 10.79 76.0 100.0

Totals (head) 39.0 100.0 36.42 14.20 100.0
Magnetics 6.9 49.23 3.41 24.0

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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NOTES 

1.  This report refers specifically to the sample material received. 
2.  Tap water was used in all tests as required, except where indicated otherwise. 
3.  Abbreviations: 

g/t Grams per tonne 
AV Assay value 

HAF    Head accounted for: the portion of the head grade accounted for by that 
fraction, obtained by multiplying the mass fraction by the assay. The total of 
the HAF column should equal the head assay of the original sample. 

Units The actual mass of tungsten trioxide, usually in milligrams, reporting to a test 
product, obtained by multiplying the product mass by the product assay. 

Dist The distribution of tungsten trioxide to the test products, in percent. 
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1 TEST PROCEDURES 

_______________________________________________________ 
 
 
1.1 FEED PREPARATION 

 
800 kgs bulk ore sample was crushed using a laboratory jaw crusher to 100 % 
passing 6 mm, the crushed product was scrubbed and screened on 1mm screen. 
The products generated were treated as outlined below.   
 

1.2 JIG CONCENTRATION ON OVERSIZE (-6 MM + 1MM) PRODUCT 

The oversize product (-6mm + 1mm) was subjected to jig concentration using a 
laboratory jig concentrator. Primary jig concentrates was cleaned once, jig tailings 
were milled via a laboratory rod mill to 100% passing 1 mm and the product 
subjected to spiral concentration as outlined below. 
 
1.3 SPIRAL CONCENTRATION (TWO-STAGE) TEST 

The -1mm products generated from the crushing/scrubbing and rod milling were 
pulped to 30 % solids and subjected to spiral concentration using SWMS LM 5 
spirals to produce primary concentrate, middlings and tails fractions. The middlings 
and tails products were combined and re-concentrated using the spiral. The two 
concentrates generated were upgraded using Wifrey table as outlined below.  
1.4 WILFREY TABLE CONCENTRATION 

The spiral concentrates generated were upgraded using a Wilfrey table generating 
final concentrate, middlings and table tailings. All products generated were dried,  
weighed and assayed. 
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2. ASSAYS 

_______________________________________________________ 
 
Calculated head grades of the bulk sample are shown below. 
 
2.1 HEAD ASSAYS 
 
Calculated head grade (% WO3)     3.63 
 
 
Calculated head grade (% Fe)     3.72 
 

2.2 FULL XRF SCAN ON FINAL -6MM +1MM JIG CONCENTRATE 

 

 
 

2.3 FULL XRF SCAN ON FINAL -1MM TABLE CONCENTRATE  

 

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

62.7 8.92 0.017 1.36 0.001 0.006 0.025 0.00 0.00

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.045 0.094 0.00 0.00 0.139 0.025 0.086 0.238 0.441

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

63.09 9.95 0.018 1.36 0.011 0.006 0.00 0.00 0.00

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.00 0.077 0.00 0.00 0.139 0.052 0.103 0.255 0.00
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3. RESULTS  
_______________________________________________________ 
 
Results are discussed and summarised below. 
 

3.1 CRUSHING, SCRUBBING & GRADING ANALYSIS  

 
Table No. 1: Crushing to 100% - 6mm and grading analysis 
 

 

 The calculated head grade of the sample was 3.63 % WO3. 

 Crushing the ore sample to 100% passing 6 mm prior to screening on 1mm 
screen realized an oversize product accounting for 73.3% by mass, assaying 
3.88% WO3 and contained 78.4 % of the total WO3.  

 
3.2 JIG CONCENTRATION ON OVERSIZE (-6MM + 1MM) 

 
Table No. 2:  Jig concentration upon screen oversize (-6mm+1mm)  

 

 The calculated head grade of the oversize product was 3.88 % WO3. 

 Gravity concentration via a Laboratory Jig Concentrator of the -6mm+1mm 
product realised a recovery of 78.3% to the concentrate which assayed 62.70 
% WO3 into 4.8% mass yield. 

 
  

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

 -6mm + 1mm 586300.0 73.3 73.3 3.88 3.88 22735.6 78.4 78.4
 - 1mm 213700.0 26.7 100.0 2.94 3.63 6280.0 21.6 100.0

Totals (head) 800000.0 100.0 3.63 29015.6 100.0

Mass Assay (%WO3) Distribution %

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

Jig Cleaner Conc 28400.0 4.8 4.8 62.70 62.70 17806.8 78.3 78.3
Jig Tails 557900.0 95.2 100.0 0.88 3.88 4928.8 21.7 100.0

Totals (head) 586300.0 100.0 3.88 22735.6 100.0

Jig Conc 28400.0 62.70 17806.8 78.3

Mass Assay (%WO3) Distribution %
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3.3 SPIRAL CONCENTRATION ON -1MM FROM CRUSHING/SCRUBBING 

 
Table No. 3:  Spiral concentration on -1mm product from crushing/scrubbing 
 

 

 The calculated head grade of the sample was 2.94% WO3. 

 Gravity concentration via a Laboratory Spiral Concentrator of the -1mm 
product from the crushing/scrubbing realised recovery of 83.0% of the test 
feed into a mass yield of 7.3% by mass to a product assaying 33.61 % WO3. 

 

3.4 UPGRADING OF SPIRAL CONCENTRATES VIA TABLING 

 
Table No. 4:  Upgrading Spiral Concentrates via Tabling 
 

 

 The calculated head grade of the spiral concentrate sample was 33.61% 
WO3. 

 Upgrading of the spiral concentrates via Wilfrey table realised recovery of 
73.1% of the test feed into a mass yield of 36.7% by mass to a product 
assaying 67.0 % WO3. 

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

Spiral Conc 15500.0 7.3 7.3 33.61 33.61 5209.7 83.0 83.0
Spiral Tails 198200.0 92.7 100.0 0.54 2.94 1070.3 17.0 100.0

Totals (head) 213700.0 100.0 2.94 6280.0 100.0

Spiral Conc. 15500.0 33.61 5209.7 83.0

Mass Assay (%WO3) Distribution %

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

W. Table Conc 5684.0 36.7 36.7 67.00 67.00 3808.3 73.1 73.1
W. Table Middling 2758.0 17.8 54.5 48.84 61.07 1347.1 25.9 99.0

W. Table Tailings 7058.0 45.5 100.0 0.77 33.61 54.3 1.0 100.0

Totals (head) 15500.0 100.0 33.61 5209.7 100.0

Table conc. 5684.0 67.00 3808.3 73.1

Mass Assay (%WO3) Distribution %
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3.5 SPIRAL CONCENTRATION ON -1MM FROM MILLING OF JIG TAILS 

 
Table No. 5:  Spiral concentration on -1mm from milling of Jig tails 
 

 

 The calculated head grade of the sample was 0.88% WO3. 

 Gravity concentration via a Laboratory Spiral Concentrator of the -1mm 
product from milling of Jig tails realised recovery of 38.7% of the test feed into 
a mass yield of 5.2% by mass to a product assaying 6.54 % WO3. 

 
3.6 UPGRADING OF SPIRAL CONCENTRATES VIA TABLING 

 
Table No. 6:  Upgrading Spiral Concentrates via Tabling 
 

 

 The calculated head grade of the spiral concentrate sample was 6.54 % WO3. 

 Upgrading of the spiral concentrates via Wilfrey table realised recovery of 
24.6% of the test feed into a mass yield of 2.8% by mass to a product 
assaying 58.26 % WO3. 

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

Spiral Conc 29170.0 5.2 5.2 6.54 6.54 1908.3 38.7 38.7
Spiral Tails 528730.0 94.8 100.0 0.57 0.88 3020.5 61.3 100.0

Totals (head) 557900.0 100.0 0.88 4928.8 100.0

Spiral Conc. 29170.0 6.54 1908.3 38.7

Mass Assay (%WO3) Distribution %

Product Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n Cum.

W. Table Conc 807.0 2.8 2.8 58.26 58.26 470.2 24.6 24.6
W. Table Middling 2721.0 9.3 12.1 45.60 48.49 1240.6 65.0 89.7

W. Table Tailings 25642.0 87.9 100.0 0.77 6.54 197.4 10.3 100.0

Totals (head) 29170.0 100.0 6.54 1908.3 100.0

Table Conc. 3528.0 48.49 1710.8 89.7

Mass Assay (%WO3) Distribution %
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3.7 UPGRADING OF COMBINED MIDDLINGS VIA RE - TABLING 

 
Table No. 7:  Upgrading Of Combined Middlings via Re-tabling 
 

 

 Upgrading of combined middlings via Wilfrey table realised recovery of 73.1% 
of the test feed into a mass yield of 58.6% by mass to a product assaying 
57.56 % WO3. 

 

3.8 OVERALL RECOVERY 

3.8.1 OVERAL RECOVERY TABLE 

Table No. 8: Overall Recovery 
 

 
 

 The overall recovery via jigging and spiral concentration was 82.7% of the test 
head to a final product assaying 63.0% WO3 into a mass yield of 4.8%. 

 

 

Product Mass Assay (%WO3) Units

(g) Fract'n% Cum %. Fract'n Cum. WO3 Fract'n% Cum %.

W.Table Conc 3210.7 58.6 58.6 57.56 57.56 1848.1 73.1 73.1
W.Table Tails 2268.3 41.4 100.0 29.92 46.12 678.7 26.9 100.0

Totals (head) 5479.0 100.0 46.12 2526.8 100.0

Table Conc. 3210.7 57.56 1848.1 73.1

Distribution

Product Mass Assay (%WO3) Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 28400.0 3.6 3.6 62.70 62.70 17806.8 61.6 61.6
W. Table Conc 1 6491.0 0.8 4.4 65.73 63.26 4266.5 14.8 76.3
W. Table Conc 2 3210.7 0.4 4.8 57.56 62.78 1848.1 6.4 82.7
W. Table tails 2 2268.3 0.3 5.0 29.92 60.94 678.7 2.3 85.1
W. Table Tails 1 32700.0 4.1 9.1 0.77 34.01 251.8 0.9 85.9

Spiral tailings 726930.0 90.9 100.0 0.56 3.62 4070.8 14.1 100.0

Totals (head) 800000.0 100.0 3.62 28922.7 100.0

 Final Conc. 34891.0 63.26 22073.3 76.3

Distribution
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3.8.2 OVERAL RECOVERY FLOWSHEET 

 

 
 
  

1000kg

Split PRODUCT GRADE (%)

800kg STAGE MASS YIELD (%)

GLOBAL MASS YIELD (%)

Crush UNITS

 -6mm STAGE RECOVERY (%)

GLOBAL BASIS RECOVERY (%)

Screen

1mm 

WO3

3.63

100.0

100.00

29016

N/A

N/A

 -1mm   -6mm + 1mm

WO3 WO3

2.94 3.88

26.70 73.30

26.70 73.30

6280 22736

21.60 78.40

21.60 78.40

Jig Recovery

WO3 Jig Concentrate Jig Test

62.70  -6+1

4.80

3.60 WO3

17807 0.88        Tails+Middlings

78.30 95.20

62.20 69.78

4929

21.70

17.01

Rod Mill

 -1mm

WO3 OVERALL WO3 RECOVERY

63.00

N/A WO3

Spiral Spiral tailings WO3 4.82 Spiral  Spiral tailings 0.57

 -1mm 0.54 24004  -1mm 94.80

2 - Stage 92.70 N/A 2 - Stage 66.15

24.75 82.70 3021

WO3        Spiral Conc 1070 WO3 61.30

33.61 17.00 6.54           Spiral Conc 10.43

7.30 3.67 5.20

1.95 3.63

5210 1908

83.00 38.70

17.93 6.58

Overall Product from -1mm

Table tailing Wilfley       Concentrate 1 WO3 WO3 WO3  Concentrate 1 Wilfley    Table tailings WO3

WO3 Table 67.00 63.03 58.26 Table 0.77

0.77 36.70 N/A 2.80 87.90

45.50 0.72 1.22 0.10 3.19

0.89 3808 5927 470          Middlings 197

54        Middling 73.10 N/A 24.60 10.30

1.00 13.11 20.70 1.62 0.68

0.18

Concentrate 2

WO3 WO3 WO3

48.84 Wilfley 57.56 Wilfley 45.60

17.80 Table 58.60 Table 9.30

0.35 0.40 0.34

1347 1848 1241

25.90 73.10 65.00

4.64 6.40 4.28



 

3.8.3 G
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4. CONCLUSION AND RECOMMENDATIONS 
_______________________________________________________ 
 

Further to process investigation testwork carried out in section 1, further testwork 
has thus been undertaken at pilot scale upon an 800 kg sample as a proof of 
concept for recovery of tungsten trioxide via gravity concentration methods. 
4.1 CONCLUSION 
 
 The material crushes easily, but there is a tendency to generate wolframite 

fines. 

 Gravity concentration via a Laboratory Pilot Jig Concentrator of the -6mm+1mm 
product realised a recovery of 78.3% of test head to the concentrate which 
assayed 62.70 % WO3 into 3.6% mass yield. 

 Spiral concentration upon the -1mm fraction followed by upgrading on a Wilfrey 
table resulted in a concentrate assaying 67% WO3. 

 Overall recovery including the coarse jig concentrate as well as the table 
concentrate and middling products was 85.1% at a cumulative grade of 61.14% 
WO3. 

 In practice where the middlings products are recycled continuously it is likely 
that this same recovery would be achieved at peak grade of around 67% WO3. 

 
4.2 RECOMMENDATIONS 

 
 For maximum recovery and grade it is recommended that the process should 

comprise of crushing to -6mm followed by screening on 1mm. 
 

 The -6mm +1mm fraction should be subjected to jig concentration using a 
two-stage jig to obtain maximum product grade whilst having the option of 
recycling the middlings or sending the middlings to further grinding as dictated 
by the degree of liberation. 
 

 The crushing should be done to minimise the production of fines as far as 
possible, thereby maximising the yield from the jig. 
 

 The spiral section should be configured as rougher-scavenger-cleaner, with 
recycle of middlings to maximise recovery of misplaced particles, with the 
scavenger middlings reporting to the rod mill if further liberation is found to be 
necessary. 
 

 The final tabling upgrade section, with two re-cleaners to maximise middlings 
recovery  
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APPENDIX A - TESTWORK DETAILED RESULTS 
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SAMPLE: RHA BULK ORE - 800KGS SAMPLE

METHOD

The sample as received  was crushed to 100% passing 6mm and scrubbed in an autogeneous scrubber at 
60% solids concentration. The -6mm product was screened on a 6mm and 1mm screens and the fractions 
subjected to gravity concentration using a laboratory Jig. The -1mm product was subjected to spiral 
concentration. The products were weighed, dried and assayed.

TEST 1.1 Grading Analysis Results

Tungsten Trioxide Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n Cum.

 -6mm + 1mm 586300.0 73.3 73.3 3.88 3.88 22735.6 78.4 78.4
 - 1mm 213700.0 26.7 100.0 2.94 3.63 6280.0 21.6 100.0

Totals (head) 800000.0 100.0 3.63 29015.6 100.0

Iron Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n Cum.

 -6mm + 1mm 586300.0 73.3 73.3 3.85 3.85 22543.4 75.8 75.8
 - 1mm 213700.0 26.7 100.0 3.36 3.72 7178.3 24.2 100.0

Totals (head) 800000.0 100.0 3.72 29721.8 100.0

TEST 1.2 Jig Concentration on -6mm +1mm product

Tungsten Trioxide Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 28400.0 4.8 4.8 62.70 62.70 17806.8 78.3 78.3
Jig Tails 557900.0 95.2 100.0 0.88 3.88 4928.8 21.7 100.0

Totals (head) 586300.0 100.0 3.88 22735.6 100.0

Jig Conc 28400.0 62.70 17806.8 78.3

Mass Assay (%WO3) Distribution %

Mass Assay (%Fe) Distribution %

Mass Assay (%WO3) Distribution
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Iron Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Jig Cleaner Conc 28400.0 4.8 4.8 8.92 8.92 2533.3 11.2 11.2
Jig Tails 557900.0 95.2 100.0 3.59 3.85 20010.1 88.8 100.0

Totals (head) 586300.0 100.0 3.85 22543.4 100.0
Jig Conc 28400.0 8.92 2533.3 11.2

TEST 1.3 Spiral Concentration on  -1mm product after crushing and scrubbing

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 15500.0 7.3 7.3 33.61 33.61 5209.7 83.0 83.0
Spiral Tails 198200.0 92.7 100.0 0.54 2.94 1070.3 17.0 100.0

Totals (head) 213700.0 100.0 2.94 6280.0 100.0
Spiral Conc. 15500.0 33.61 5209.7 83.0

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Spiral Conc 15500.0 7.3 7.3 9.36 9.36 1450.4 20.2 20.2
Spiral Tails 198200.0 92.7 100.0 2.89 3.36 5728.0 79.8 100.0

Totals (head) 213700.0 100.0 3.36 7178.3 100.0
Spiral Conc. 15500.0 9.36 1450.4 20.2

TEST 1.4 W.Table Concentration on Spiral concentrates from test 1.3

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W. Table Conc 5684.0 36.7 36.7 67.00 67.00 3808.3 73.1 73.1
W. Table Middling 2758.0 17.8 54.5 48.84 61.07 1347.1 25.9 99.0

W. Table Tailings 7058.0 45.5 100.0 0.77 33.61 54.3 1.0 100.0

Totals (head) 15500.0 100.0 33.61 5209.7 100.0
Table conc. 5684.0 67.00 3808.3 73.1

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution
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Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W Table Conc 5684.0 36.7 36.7 10.09 10.09 573.5 39.5 39.5
W Table Middling 2758.0 17.8 54.5 12.19 10.78 336.2 23.2 62.7

W Table Tailings 7058.0 45.5 100.0 7.66 9.36 540.6 37.3 100.0

Totals (head) 15500.0 100.0 9.36 1450.4 100.0
Table Conc. 5684.0 10.09 573.5 39.5

TEST 1.5 Spiral Concentration on  -1mm product after rod milling jig tails

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 29170.0 5.2 5.2 6.54 6.54 1908.3 38.7 38.7
Spiral Tails 528730.0 94.8 100.0 0.57 0.88 3020.5 61.3 100.0

Totals (head) 557900.0 100.0 0.88 4928.8 100.0
Spiral Conc. 29170.0 6.54 1908.3 38.7

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Spiral Conc 29170.0 5.2 5.2 12.41 12.41 3619.5 18.1 18.1
Spiral Tail 528730.0 94.8 100.0 3.10 3.59 16390.6 81.9 100.0

Totals (head) 557900.0 100.0 3.59 20010.1 100.0
Spiral Conc. 29170.0 12.41 3619.5 18.1

TEST 1.6 W.Table Concentration on Spiral concentrates from test 1.5 above

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W. Table Conc 807.0 2.8 2.8 58.26 58.26 470.2 24.6 24.6
W. Table Middling 2721.0 9.3 12.1 45.60 48.49 1240.6 65.0 89.7

W. Table Tailings 25642.0 87.9 100.0 0.77 6.54 197.4 10.3 100.0

Totals (head) 29170.0 100.0 6.54 1908.3 100.0
Table Conc. 3528.0 48.49 1710.8 89.7

Mass Assay (%WO3) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%Fe) Distribution
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Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W. Table Conc 807.0 2.8 2.8 10.54 10.54 85.1 2.3 2.3
W. Table Middling 2721.0 9.3 12.1 17.47 15.88 475.4 13.1 15.5

W. Table Tailings 25642.0 87.9 100.0 11.93 12.41 3059.1 84.5 100.0

Totals (head) 29170.0 100.0 12.41 3619.5 100.0
Table Conc. 3528.0 15.88 560.4 15.5

TEST 1.7 Re-tabling of combined W. Table Middlings from table tests

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W.Table Conc 3210.7 58.6 58.6 57.56 57.56 1848.1 73.1 73.1
W.Table Tails 2268.3 41.4 100.0 29.92 46.12 678.7 26.9 100.0

Totals (head) 5479.0 100.0 46.12 2526.8 100.0
Table Conc. 3210.7 57.56 1848.1 73.1

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W.Table Conc 3210.7 58.6 58.6 11.51 11.51 369.6 84.0 84.0
W.Table Tails 2268.3 41.4 100.0 3.10 8.03 70.3 16.0 100.0

Totals (head) 5479.0 100.0 8.03 439.9 100.0
Table Conc. 3210.7 11.51 369.6 84.0

OVERALL RECOVERY

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Jig Cleaner Conc 28400.0 3.6 3.6 62.70 62.70 17806.8 61.6 61.6
W. Table Conc 1 6491.0 0.8 4.4 65.73 63.26 4266.5 14.8 76.3
W. Table Conc 2 3210.7 0.4 4.8 57.56 62.78 1848.1 6.4 82.7
W. Table tails 2 2268.3 0.3 5.0 29.92 60.94 678.7 2.3 85.1
W. Table Tails 1 32700.0 4.1 9.1 0.77 34.01 251.8 0.9 85.9

Spiral tailings 726930.0 90.9 100.0 0.56 3.62 4070.8 14.1 100.0

Totals (head) 800000.0 100.0 3.62 28922.7 100.0
 Final Conc. 34891.0 63.26 22073.3 76.3

Mass Assay (%WO3) Distribution

Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%Fe) Distribution

Mass Assay (%WO3)
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Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Jig Cleaner Conc 28400.0 3.6 3.6 8.92 8.92 2533.3 8.3 8.3
W. Table Conc 1 6491.0 0.8 4.4 10.31 9.18 669.2 2.2 10.4
W. Table Conc 2 3210.7 0.4 4.8 11.51 10.71 369.6 1.2 11.6
W. Table tails 2 2268.3 0.3 5.0 14.83 9.68 336.4 1.1 12.7
W. Table Tails 1 32700.0 4.1 9.1 9.79 9.73 3201.3 10.4 23.2

Spiral tailings 726930.0 90.9 100.0 3.24 3.83 23552.5 76.8 100.0

Totals (head) 800000.0 100.0 3.83 30662.3 100.0
 Final Conc. 34891.0 9.18 3202.5 10.4

Mass Assay (%Fe) Distribution
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NOTES 
1.  This report refers specifically to the sample material received. 
2.  Tap water was used in all tests as required, except where indicated otherwise. 
3.  Abbreviations: 

AV Assay value 

HAF    Head accounted for: the portion of the head grade accounted for by that 
fraction, obtained by multiplying the mass fraction by the assay. The total of 
the HAF column should equal the head assay of the original sample. 

Units The actual mass of mineral, usually in milligrams, reporting to a test product, 
obtained by multiplying the product mass by the product assay. 

Dist The distribution of mineral to the test products, in percent. 
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1. TEST PROCEDURES 

_______________________________________________________ 
 
 
1.1 FEED PREPARATION 

 
The sample were each crushed to 100% passing 1mm and thoroughly homogenised 
prior to withdrawal of representative portion for testwork. The sampled product was 
subjected to gravity concentration as outlined below. 
  
1.2 GRAVITY AMENABILITY (GAT) TESTS 

The prepared sample was pulped to approximately 35 % solids and subjected to 
gravity concentration using a Knelson MD3 concentrator fitted with a Lo-Yi cone*. 
The first concentrate was panned to give concentrate 1 and tailing 1. Primary   
Knelson tailings were re-run through the concentrator four times yielding 
concentrates 2 to 7 and final tailings. All concentrates and tailings generated were 
dried, weighed and assayed.  
* Note: The Knelson KCMD3 low-yield (Lo-Yi) cone and multi-pass test procedure 

was developed specifically to allow small samples to be tested for amenability to 
Knelson CVD technology. Whilst the test does not simulate the use of a Knelson 
CVD, it does demonstrate whether a material is amenable to this technology, and 
allows an informed decision on the usefulness of bulk CVD testing. 
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2. ASSAYS 

_______________________________________________________ 
 
The assayed and calculated head grades of the samples are shown below. 
 
2.1 Sample: Lode 1  
 
Assayed head grade (%WO3)     1.45 
         1.45 
 
Average assayed head grade (%WO3)    1.45 
 
Calculated head grade (%WO3)     1.44 
    
 
Assayed head grade (%Fe)     4.55 
         4.54 
 
Average assayed head grade (%Fe)    4.55 
 
Calculated head grade (%Fe)     4.93 
 
2.2 Sample: Lode 2  

    
Assayed head grade (%WO3)     1.64 
         1.39 
 
Average assayed head grade (%WO3)    1.52 
 
Calculated head grade (%WO3)     1.47 
    
Assayed head grade (%Fe)     4.50 
         4.37 
 
Average assayed head grade (%Fe)    4.44 
 
Calculated head grade (%Fe)     4.40 
 

2.3 Sample: Hoist Rock  

           
Assayed head grade (%WO3)     0.249 
         0.255 
 
Average assayed head grade (%WO3)    0.252 
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Assayed head grade (%Fe)     5.73 
         5.41 
 
Average assayed head grade (%Fe)    5.51 
 

2.4 SG Determination on Hoist Rock Sample  

 
SG Value for Hoist Rock sample     2.822 
         2.829 
 
Average                  2.826 
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3. RESULTS 

_______________________________________________________ 
 
 

3.1 GRAVITY AMENABILITY (GAT) TESTING    

 
Sample: Bulk Ore (PSA Assays) 

Table 1: Tungsten Trioxide Results  

 

 Overall recovery of 83.5% was achieved in 25.3% mass yield, to a cumulative 
concentrate grade of 13.72% WO3. 

 35.6% of the recovery took place in the first machine pass, in 6.4% mass yield 
at 23.10% WO3 concentrate grade. 

 

 

 

 

 

 

 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 64.1 6.4 6.4 23.10 23.10 14.80 35.6 35.6
Concentrate 2 55.2 5.5 11.9 16.85 20.21 9.31 22.4 58.0
Concentrate 3 48.1 4.8 16.7 8.73 16.91 4.20 10.1 68.1
Concentrate 4 44.0 4.4 21.1 7.44 14.94 3.27 7.9 75.9
Concentrate 5 41.5 4.2 25.3 7.53 13.72 3.12 7.5 83.5

Final Tails 747.1 74.7 100.0 0.92 4.16 6.88 16.5 100.0

Totals (head) 1000.0 100.0 4.16 41.58 100.0

Knelson Conc. 252.9 13.72 34.71 83.5

Mass Assay (%WO3) Distribution
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Sample: Bulk Ore (SGS Assays) 

Table 2: Tungsten Trioxide Results  

 

 Overall recovery of 94.1% was achieved in 43.9% mass yield, to a cumulative 
concentrate grade of 7.54% WO3. 

 46.0% of the recovery took place in the first machine pass, in 9.5% mass yield 
at 17.10 % WO3 concentrate grade. 

Sample: Lode 1 (PSA Results) 

Table 3: Tungsten Trioxide Results  

 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 94.7 9.5 9.5 17.10 17.10 16.19 46.0 46.0
Concentrate 2 88.1 8.8 18.3 7.29 12.37 6.42 18.3 64.3
Concentrate 3 66.4 6.6 24.9 7.14 10.98 4.74 13.5 77.8
Concentrate 4 50.7 5.1 30.0 5.86 10.11 2.97 8.4 86.2
Concentrate 5 50.4 5.0 35.0 2.34 8.99 1.18 3.4 89.5
Concentrate 6 44.1 4.4 39.4 2.69 8.29 1.19 3.4 92.9
Concentrate 7 44.6 4.5 43.9 0.93 7.54 0.41 1.2 94.1

Final Tails 561.0 56.1 100.0 0.37 3.52 2.08 5.9 100.0

Totals (head) 1000.0 100.0 3.52 35.18 100.0

Knelson Conc. 439.0 7.18 31.51 89.5

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 45.3 4.5 4.5 4.18 4.18 0.19 13.2 13.2

Concentrate 2 34.0 3.4 7.9 6.74 5.28 0.23 15.9 29.1

Concentrate 3 38.2 3.8 11.7 8.75 6.41 0.33 23.2 52.3

Concentrate 4 25.8 2.6 14.3 6.86 6.49 0.18 12.3 64.6

Concentrate 5 29.4 2.9 17.3 4.44 6.14 0.13 9.1 73.7

Concentrate 6 27.6 2.8 20.0 2.71 5.67 0.07 5.2 78.9

Concentrate 7 25.9 2.6 22.6 1.78 5.22 0.05 3.2 82.1

Final Tails 773.8 77.4 100.0 0.33 1.44 0.26 17.9 100.0

Totals (head) 1000.0 100.0 1.44 1.44 100.0

Knelson Conc. 226.2 5.22 1.18 82.1

Mass Assay (%WO3) Distribution



 

 

 
 

9

 Overall recovery of 82.1% was achieved in 22.6% mass yield, to a cumulative 
concentrate grade of 5.22% WO3. 

 13.2% of the recovery took place in the first machine pass, in 4.5% mass yield 
at 4.18% WO3 concentrate grade. 

 
Sample: Lode 1 (SGS Results) 

Table 4: Tungsten Trioxide Results  

 

 

 Overall recovery of 83.4% was achieved in 45.4% mass yield, to a cumulative 
concentrate grade of 2.24% WO3. 

 28.5% of the recovery took place in the first machine pass, in 10.7% mass 
yield at 3.26% WO3 concentrate grade. 

 

  

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 106.9 10.7 10.7 3.26 3.26 0.35 28.5 28.5
Concentrate 2 63.0 6.3 17.0 3.45 3.33 0.22 17.8 46.3
Concentrate 3 73.5 7.4 24.3 2.97 3.22 0.22 17.9 64.2
Concentrate 4 55.8 5.6 29.9 2.07 3.01 0.12 9.5 73.7
Concentrate 5 44.6 4.5 34.4 1.24 2.78 0.06 4.5 78.2
Concentrate 6 49.2 4.9 39.3 0.79 2.53 0.04 3.2 81.4
Concentrate 7 60.9 6.1 45.4 0.41 2.24 0.02 2.0 83.4

Final Tails 546.1 54.6 100.0 0.37 1.22 0.20 16.6 100.0

Totals (head) 1000.0 100.0 1.22 1.22 100.0

Knelson Conc. 453.9 2.24 1.02 83.4

Mass Assay (%WO3) Distribution
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Sample: Lode 2 (PSA Results) 

Table 5: Tungsten Trioxide Results  

 

 Overall recovery of 75.6% was achieved in 23.0% mass yield, to a cumulative 
concentrate grade of 4.84% WO3. 

 17.2% of the recovery took place in the first machine pass, in 3.2% mass 
yield at 7.98%WO3 concentrate grade 

Sample: Lode 2 (SGS Results) 

Table 6: Tungsten Trioxide Results  

 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 31.7 3.2 3.2 7.98 7.98 0.25 17.2 17.2

Concentrate 2 34.6 3.5 6.6 7.82 7.90 0.27 18.4 35.6

Concentrate 3 32.2 3.2 9.9 5.49 7.11 0.18 12.0 47.6

Concentrate 4 43.9 4.4 14.2 4.69 6.36 0.21 14.0 61.5

Concentrate 5 35.4 3.5 17.8 2.87 5.67 0.10 6.9 68.4

Concentrate 6 25.7 2.6 20.3 2.45 5.26 0.06 4.3 72.7

Concentrate 7 26.4 2.6 23.0 1.61 4.84 0.04 2.9 75.6

Final Tails 770.1 77.0 100.0 0.47 1.47 0.36 24.4 100.0

Totals (head) 1000.0 100.0 1.47 1.47 100.0

Knelson Conc. 229.9 4.84 1.11 75.6

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 88.2 8.8 8.8 7.58 7.58 0.67 49.2 49.2
Concentrate 2 59.9 6.0 14.8 5.44 6.71 0.33 24.0 73.1
Concentrate 3 22.2 2.2 17.0 4.90 6.48 0.11 8.0 81.1
Concentrate 4 39.4 3.9 21.0 2.99 5.82 0.12 8.7 89.8
Concentrate 5 40.7 4.1 25.0 1.06 5.05 0.04 3.2 93.0
Concentrate 6 60.5 6.1 31.1 0.40 4.14 0.02 1.8 94.8
Concentrate 7 51.2 5.1 36.2 0.27 3.60 0.01 1.0 95.8

Final Tails 637.9 63.8 100.0 0.09 1.36 0.06 4.2 100.0

Totals (head) 1000.0 100.0 1.36 1.36 100.0

Knelson Conc. 362.1 3.60 1.30 95.8

Mass Assay (%WO3) Distribution
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 Overall recovery of 95.8% was achieved in 36.2% mass yield, to a cumulative 
concentrate grade of 3.60% WO3. 

 49.2% of the recovery took place in the first machine pass, in 8.8% mass 
yield at 7.58%WO3 concentrate grade 
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4. CONCLUSIONS AND RECOMMENTATIONS  

 
4.1 CONCLUSIONS 

Three samples labeled as “Lode 1, Lode 2 and bulk ore” from Premier African 
Minerals, RHA mine, were submitted for metallurgical testwork to assess the 
response of the materials to gravity concentration using higher mass yields than 
those employed by Knelson semi-batch concentrators.  
Gravity amenability testing as undertaken here tests the suitability of the samples to 
Knelson KC-CVD (continuous variable discharge) technology, which allows 
enhanced gravity mass yields of up to 40-50%. 

 Results are summarised below: 

 
 

 The SGS GAT test recoveries tended to be higher due to higher mass pulls 
taken in their tests. This is probably due to a variation in test technique. 
 

 Based upon the PS&A assays the Bulk ore, Lode 1 and Lode 2 are judged to be 
of similar metallurgical character and no difference in processing is expected.  

  
4.2 RECOMMENDATIONS 

 

 No special separate treatment appears necessary for Lode 1 and Lode 2.  
 
 
 
 

 

Sample ID Built up head Mass pull Conc grade Recovery
% WO3 % % WO3 %

Bulk Ore (PSA Assays) 4.16 25.3 13.72 83.5

Bulk Ore (SGS Assays) 3.52 43.9 7.54 94.1

Lode 1  (PSA Assays) 1.44 22.6 5.22 82.1

Lode 1  (SGS Assays) 1.22 45.4 2.24 83.4

Lode 2 (PSA Assays) 1.48 23 4.84 75.5

Lode 2 (SGS Assays) 1.36 36.2 3.6 95.8
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SAMPLE :  VAROUS

TEST 1 GAT TESTING WITHOUT PANNING 

PREP The sample was crushed to 100% passing 1mm and subjected to gravity concentration
as outlined below.

METHOD: The ore sample was thoroughly homogenised prior to removal of a 1 kg test aliquot using 
riffle splitter and processed through a labouratory Knelson KC-MD3 at fixed fluidisation
flow rate with a low Yield cone. The Knelson concentrate was dried and assayed.
Primary tails were again passed through the concentrator, with concentrate removed 
to produce concentrate 2. This process was repeated five more times before sampling
and assaying of final tails.

Lode 1 - PSA Results

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 45.3 4.5 4.5 4.18 4.18 0.19 13.2 13.2
Concentrate 2 34.0 3.4 7.9 6.74 5.28 0.23 15.9 29.1
Concentrate 3 38.2 3.8 11.7 8.75 6.41 0.33 23.2 52.3
Concentrate 4 25.8 2.6 14.3 6.86 6.49 0.18 12.3 64.6
Concentrate 5 29.4 2.9 17.3 4.44 6.14 0.13 9.1 73.7
Concentrate 6 27.6 2.8 20.0 2.71 5.67 0.07 5.2 78.9
Concentrate 7 25.9 2.6 22.6 1.78 5.22 0.05 3.2 82.1

Final Tails 773.8 77.4 100.0 0.33 1.44 0.26 17.9 100.0

Totals (head) 1000.0 100.0 1.44 1.44 100.0
Knelson Conc. 226.2 5.22 1.18 82.1

Iron

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 45.3 4.5 4.5 5.30 5.30 0.24 4.9 4.9
Concentrate 2 34.0 3.4 7.9 5.62 5.44 0.19 3.9 8.7
Concentrate 3 38.2 3.8 11.7 6.00 5.62 0.23 4.7 13.4
Concentrate 4 25.8 2.6 14.3 5.76 5.65 0.15 3.0 16.4
Concentrate 5 29.4 2.9 17.3 5.50 5.62 0.16 3.3 19.7
Concentrate 6 27.6 2.8 20.0 5.72 5.63 0.16 3.2 22.9
Concentrate 7 25.9 2.6 22.6 5.06 5.57 0.13 2.7 25.6

Final Tails 773.8 77.4 100.0 4.74 4.93 3.67 74.4 100.0

Totals (head) 1000.0 100.0 4.93 4.93 100.0
Knelson Conc. 226.2 5.57 1.26 25.6

Mass

Mass Assay (%Fe)

Assay (%WO3) Distribution

Distribution
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Lode 1 - SGS Results Head (%W03) 1.15

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 106.9 10.7 10.7 3.26 3.26 0.35 28.5 28.5
Concentrate 2 63.0 6.3 17.0 3.45 3.33 0.22 17.8 46.3
Concentrate 3 73.5 7.4 24.3 2.97 3.22 0.22 17.9 64.2
Concentrate 4 55.8 5.6 29.9 2.07 3.01 0.12 9.5 73.7
Concentrate 5 44.6 4.5 34.4 1.24 2.78 0.06 4.5 78.2
Concentrate 6 49.2 4.9 39.3 0.79 2.53 0.04 3.2 81.4
Concentrate 7 60.9 6.1 45.4 0.41 2.24 0.02 2.0 83.4

Final Tails 546.1 54.6 100.0 0.37 1.22 0.20 16.6 100.0

Totals (head) 1000.0 100.0 1.22 1.22 100.0
Knelson Conc. 453.9 2.24 1.02 83.4

Iron Head (% Fe2O3) 6.83

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 106.9 10.7 10.7 7.71 7.71 0.82 11.6 11.6
Concentrate 2 63.0 6.3 17.0 8.21 7.90 0.52 7.3 18.9
Concentrate 3 73.5 7.4 24.3 8.02 7.93 0.59 8.3 27.3
Concentrate 4 55.8 5.6 29.9 7.71 7.89 0.43 6.1 33.4
Concentrate 5 44.6 4.5 34.4 7.73 7.87 0.34 4.9 38.2
Concentrate 6 49.2 4.9 39.3 6.99 7.76 0.34 4.9 43.1
Concentrate 7 60.9 6.1 45.4 7.34 7.70 0.45 6.3 49.4

Final Tails 546.1 54.6 100.0 6.56 7.08 3.58 50.6 100.0

Totals (head) 1000.0 100.0 7.08 7.08 100.0
Knelson Conc. 453.9 7.70 3.50 49.4

Lode 2 - PSA Results

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 31.7 3.2 3.2 7.98 7.98 0.25 17.2 17.2
Concentrate 2 34.6 3.5 6.6 7.82 7.90 0.27 18.3 35.5
Concentrate 3 32.2 3.2 9.9 5.49 7.11 0.18 12.0 47.5
Concentrate 4 43.9 4.4 14.2 4.69 6.36 0.21 13.9 61.4
Concentrate 5 35.4 3.5 17.8 2.87 5.67 0.10 6.9 68.3
Concentrate 6 25.7 2.6 20.3 2.45 5.26 0.06 4.3 72.6
Concentrate 7 26.4 2.6 23.0 1.61 4.84 0.04 2.9 75.5

Final Tails 770.1 77.0 100.0 0.47 1.48 0.36 24.5 100.0

Totals (head) 1000.0 100.0 1.48 1.48 100.0
Knelson Conc. 229.9 4.84 1.11 75.5

Mass

Mass

Mass Assay (%WO3)

Assay (%Fe2O3)

Assay (%WO3) Distribution

Distribution

Distribution
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Iron

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 31.7 3.2 3.2 5.77 5.77 0.18 4.2 4.2
Concentrate 2 34.6 3.5 6.6 6.37 6.08 0.22 5.0 9.2
Concentrate 3 32.2 3.2 9.9 5.47 5.88 0.18 4.0 13.2
Concentrate 4 43.9 4.4 14.2 5.62 5.80 0.25 5.6 18.8
Concentrate 5 35.4 3.5 17.8 5.66 5.77 0.20 4.6 23.3
Concentrate 6 25.7 2.6 20.3 5.16 5.70 0.13 3.0 26.4
Concentrate 7 26.4 2.6 23.0 5.37 5.66 0.14 3.2 29.6

Final Tails 770.1 77.0 100.0 4.02 4.40 3.10 70.4 100.0

Totals (head) 1000.0 100.0 4.40 4.40 100.0
Knelson Conc. 229.9 5.66 1.30 29.6

Lode 2 - SGS Results Head (%W03) 1.54

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 88.2 8.8 8.8 7.58 7.58 0.67 49.2 49.2
Concentrate 2 59.9 6.0 14.8 5.44 6.71 0.33 24.0 73.1
Concentrate 3 22.2 2.2 17.0 4.90 6.48 0.11 8.0 81.1
Concentrate 4 39.4 3.9 21.0 2.99 5.82 0.12 8.7 89.8
Concentrate 5 40.7 4.1 25.0 1.06 5.05 0.04 3.2 93.0
Concentrate 6 60.5 6.1 31.1 0.40 4.14 0.02 1.8 94.8
Concentrate 7 51.2 5.1 36.2 0.27 3.60 0.01 1.0 95.8

Final Tails 637.9 63.8 100.0 0.09 1.36 0.06 4.2 100.0

Totals (head) 1000.0 100.0 1.36 1.36 100.0
Knelson Conc. 362.1 3.60 1.30 95.8

Iron Head (% Fe) 4.85

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 88.2 8.8 8.8 5.90 5.90 0.52 11.2 11.2
Concentrate 2 59.9 6.0 14.8 6.20 6.02 0.37 8.0 19.1
Concentrate 3 22.2 2.2 17.0 5.41 5.94 0.12 2.6 21.7
Concentrate 4 39.4 3.9 21.0 5.71 5.90 0.22 4.8 26.5
Concentrate 5 40.7 4.1 25.0 5.44 5.82 0.22 4.7 31.3
Concentrate 6 60.5 6.1 31.1 4.86 5.64 0.29 6.3 37.6
Concentrate 7 51.2 5.1 36.2 4.66 5.50 0.24 5.1 42.7

Final Tails 637.9 63.8 100.0 4.19 4.66 2.67 57.3 100.0

Totals (head) 1000.0 100.0 4.66 4.66 100.0
Knelson Conc. 362.1 5.50 1.99 42.7

Mass

Mass

Mass Assay (%Fe)

Assay (%Fe)

Assay (%WO3) Distribution

Distribution

Distribution
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Bulk Ore - PSA Results

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 64.1 6.4 6.4 23.10 23.10 14.80 35.6 35.6
Concentrate 2 55.2 5.5 11.9 16.85 20.21 9.31 22.4 58.0
Concentrate 3 48.1 4.8 16.7 8.73 16.91 4.20 10.1 68.1
Concentrate 4 44.0 4.4 21.1 7.44 14.94 3.27 7.9 75.9
Concentrate 5 41.5 4.2 25.3 7.53 13.72 3.12 7.5 83.5

Final Tails 747.1 74.7 100.0 0.92 4.16 6.88 16.5 100.0

Totals (head) 1000.0 100.0 4.16 41.58 100.0
Knelson Conc. 252.9 13.72 34.71 83.5

Iron

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 64.1 247.3 247.3 5.00 5.00 0.32 11.7 11.7
Concentrate 2 55.2 213.3 460.6 5.05 5.02 0.28 10.2 22.0
Concentrate 3 48.1 185.8 646.4 3.80 4.67 0.18 6.7 28.6
Concentrate 4 44.0 169.9 816.3 3.55 4.44 0.16 5.7 34.4
Concentrate 5 41.5 160.3 976.5 3.39 4.27 0.14 5.2 39.5

Final Tails 747.1 74.7 1051.3 2.21 2.73 1.65 60.5 100.0

Totals (head) 1000.0 1051.3 2.73 2.73 100.0
Knelson Conc. 252.9 4.27 1.08 39.5

Bulk Ore - SGS Results Head (%W03) 3.24

Tungsten Trioxide

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Concentrate 1 94.7 9.5 9.5 17.10 17.10 16.19 46.0 46.0
Concentrate 2 88.1 8.8 18.3 7.29 12.37 6.42 18.3 64.3
Concentrate 3 66.4 6.6 24.9 7.14 10.98 4.74 13.5 77.8
Concentrate 4 50.7 5.1 30.0 5.86 10.11 2.97 8.4 86.2
Concentrate 5 50.4 5.0 35.0 2.34 8.99 1.18 3.4 89.5
Concentrate 6 44.1 4.4 39.4 2.69 8.29 1.19 3.4 92.9
Concentrate 7 44.6 4.5 43.9 0.93 7.54 0.41 1.2 94.1

Final Tails 561.0 56.1 100.0 0.37 3.52 2.08 5.9 100.0

Totals (head) 1000.0 100.0 3.52 35.18 100.0
Knelson Conc. 439.0 7.18 31.51 89.5

Mass

Mass

Mass Assay (%WO3)

Assay (%Fe)

Assay (%WO3) Distribution

Distribution

Distribution
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Iron Head (% Fe) 3.19

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Concentrate 1 94.7 9.5 9.5 6.43 6.43 0.61 18.9 18.9
Concentrate 2 88.1 8.8 18.3 4.64 5.57 0.41 12.7 31.6
Concentrate 3 66.4 6.6 24.9 4.54 5.29 0.30 9.4 40.9
Concentrate 4 50.7 5.1 30.0 4.32 5.13 0.22 6.8 47.7
Concentrate 5 50.4 5.0 35.0 3.27 4.86 0.16 5.1 52.8
Concentrate 6 44.1 4.4 39.4 3.44 4.16 0.15 4.7 57.5
Concentrate 7 44.6 4.5 43.9 2.77 3.75 0.12 3.8 61.4

Final Tails 561.0 56.1 100.0 2.22 3.22 1.25 38.6 100.0

Totals (head) 1000.0 100.0 3.22 3.22 100.0
Knelson Conc. 439.0 3.88 1.70 52.8

Mass Assay (%Fe) Distribution
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NOTES 

1.  This report refers specifically to the sample material received. 
2.  Tap water was used in all tests as required, except where indicated otherwise. 
3.  Abbreviations: 

g/t Grams per tonne 
AV Assay value 

HAF    Head accounted for: the portion of the head grade accounted for by that 
fraction, obtained by multiplying the mass fraction by the assay. The total of 
the HAF column should equal the head assay of the original sample. 

Units The actual mass of WO3, usually in milligrams, reporting to a test product, 
obtained by multiplying the product mass by the product assay. 

Dist The distribution of WO3 to the test products, in percent. 
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1. TEST PROCEDURES 

_______________________________________________________ 
 

 

1.1 FEED PREPARATION 
 
200kgs tailings sample was screened on a 1mm screen. The oversize was rod milled to 
100 % passing 1mm. The milled product was combined with the undersize product and 
subjected to gravity concentration as outlined below.   
 
1.2 SPIRAL CONCENTRATION (TWO-STAGE) TEST 

The -1mm products generated from the screening and rod milling were pulped to 30% 
solids and subjected to spiral concentration using SWMS LM 5 spirals to produce 
primary concentrate, middlings and tails fractions. The middlings and tails products 
were combined and re-concentrated using the spiral. The two concentrates generated 
were upgraded using Wifley table as outlined below.  
1.3 WILFLEY TABLE CONCENTRATION 

The spiral concentrates generated were upgraded using a Wilfley table generating final 
concentrate, middlings and table tailings. All products generated were dried, weighed 
and assayed. 
1.4 MAGNETIC SEPARATION 

The Wilfley table concentrates were subjected to magnetic separation producing 
magnetic and non-magnetic products. All products generated were dried, weighed and 
assayed. 
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1.5 TESTWORK FLOWSHEET 

 

Dump 2

Split
200kg

Scrub/Screen
on 1mm 

+1mm
            -1mm

Rod Mill

-1mm

Assay Tails Spiral Middlings Assay
-1mm

         Conc

Assay Tails Wilfley Middlings Assay
Table

         Conc

Assay Magnetic Magnetic Non Magnetic Assay
Separation
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2. ASSAYS 

_______________________________________________________ 

 

 
Assayed and Calculated head grades of the bulk sample are shown below. 
 
2.1 SAMPLE: TAILINGS 1 

 

2.1.1 HEAD ASSAYS 
 
Assayed head grade (% WO3)     0.06 
         0.06 
 
Average assayed head grade (% WO3)    0.06 
 

2.2 SAMPLE: TAILINGS 2 

 

2.2.1 HEAD ASSAYS 

 
Assayed head grade (% WO3)     0.29 
         0.28 
 
Average assayed head grade (% WO3)    0.29 
 
Calculated head grade (% WO3)     0.35 
 
 
2.2.2 FULL XRF SCAN ON -1MM FINAL TABLE CONCENTRATE - MAGNETICS 

 

 

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

37.08 18.94 0.013 1.08 0.008 0.004 0.00 0.023 0.00

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.111 0.104 0.00 0.017 0.035 0.031 0.058 0.472 0.00
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2.2.3 FULL XRF SCAN ON -1MM FINAL TABLE CONCENTRATE – NON 
MAGNETICS 
 

 
 
 
2.3 SAMPLE: TAILINGS 3 

 
2.3.1 HEAD ASSAYS 

 
Assayed head grade (% WO3)     0.10 
         0.08 
 
Average assayed head grade (% WO3)    0.09 
 

% WO3 Fe % Nb % Mn % Sn % As % Ta % Ni % Co %

40.25 8.42 0.01 0.622 0.018 0.009 0.00 0.00 0.009

V % Cu % Pb % Zn % U % Th % Ca % K % S %

0.158 0.141 0.00 0.00 0.022 0.074 0.243 0.51 0.17
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3. RESULTS  

_______________________________________________________ 

 

3.1 GRADING ANALYSIS  
 
Results are discussed and summarised below. 
 
Table No. 1: Grading analysis 
 

 

 The calculated head grade of the sample was 0.35 % WO3. 

 Grading analysis realized an oversize product accounting for 18.0% by mass, 
assaying 0.08% WO3 and contained 3.9 % of the total WO3.  

3.2 SPIRAL CONCENTRATION 

 
Table No. 2:  Spiral concentration upon combined undersize and rod milled oversize 

 

 The calculated head grade of the sample was 0.35% WO3. 

 Gravity concentration via a Laboratory Spiral Concentrator of the combined 
undersize and rod milled oversize products realised a recovery of 40.2% of test 
feed to the concentrate which assayed 1.57 % WO3 into 9.0% mass yield. 

Product Units

micron (g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n Cum.

 +1mm 36000.0 18.0 18.0 0.08 0.08 27.24 3.9 3.9

 - 1mm 164000.0 82.0 100.0 0.41 0.35 672.40 96.1 100.0

Totals (head) 200000.0 100.0 0.35 699.64 100.0

Mass Assay (%WO3) Distribution %

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 18000.0 9.0 9.0 1.57 1.57 282.14 40.2 40.2

Spiral Middlings 22000.0 11.0 20.0 0.29 0.86 62.98 9.0 49.1

Spiral Tailings 160000.0 80.0 100.0 0.22 0.35 357.14 50.9 100.0

Totals (head) 200000.0 100.0 0.35 702.26 100.0

Spiral Conc 40000.0 0.86 345.12 49.1

Mass Assay (%WO3) Distribution
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3.3 UPGRADING OF SPIRAL CONCENTRATES VIA TABLING 

 
Table No. 3:  Upgrading Spiral Concentrates via Tabling 
 

 
 

 The calculated head grade of the spiral concentrate sample was 1.57% WO3. 

 Upgrading of the spiral concentrates via Wilfley table realised recovery of 23.4% 
of the test feed into a mass yield of 0.9% by mass to a product assaying 39.05 % 
WO3. 

 

3.4 MAGNETIC SEPARATION ON TABLE CONCENTRATES  

 
Table No. 4: Magnetic Separation on table concentrates  
 

 
 

 Magnetic separation on table concentrates product realised a non magnetic 
product assaying 40.25% WO3. 

 

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 169.0 0.9 0.9 39.05 39.05 65.99 23.4 23.4

W Table Middling 1 1805.0 10.0 11.0 8.27 10.91 149.30 52.9 76.3

W Table Middling 2 5167.0 28.7 39.7 0.38 3.29 19.87 7.0 83.4

W Table Tailings 10859.0 60.3 100.0 0.43 1.57 46.97 16.6 100.0

Totals (head) 18000.0 100.0 1.57 282.14 100.0

W Table Conc. 1974.0 10.91 215.29 76.3

Mass Assay (%WO3) Distribution

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 64.0 37.9 37.9 37.08 37.08 23.73 36.0 36.0

Non magnetics 105.0 62.1 100.0 40.25 39.05 42.26 64.0 100.0

Totals (head) 169.0 100.0 39.05 65.99 100.0

Magnetics 64.0 37.08 23.73 36.0

Mass Assay (%WO3) Distribution
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3.5 OVERALL RECOVERY 
Results are summarised in the flow-sheet below. 

 

RHA: DUMP 2 TEST FLOWSHEET
PRODUCT GRADE (%)

Dump 2 STAGE MASS YIELD (%)
GLOBAL MASS YIELD (%)

Split UNITS
200kg STAGE RECOVERY (%)

GLOBAL BASIS RECOVERY (%)
Scrub/Screen
on 1mm 

WO3
0.35

100.00
100.00
699.64

N/A
N/A

 +1mm
            -1mm

WO3
WO3 0.08
0.41 18.00
82.00 18.00
82.00 27.24

672.40 3.90
96.10 3.90
96.10

Rod Mill

 -1mm

WO3 Tails Spiral Middlings WO3
0.22  -1mm 0.29
80.00 11.00
80.00          Conc 11.00

357.14 WO3 62.98
50.90 1.57 9.00
50.90 9.00 9.00

9.00
282.14
40.20
40.20

Mid 1 Mid 2
WO3 Tails Wilfley Middlings WO3 WO3
0.43 Table 8.27 0.38
60.30          Conc 10.00 28.70
5.43 WO3 0.90 2.58
46.97 39.05 149.30 19.87
16.60 0.90 52.90 7.00
6.67 0.08 21.27 2.81

65.99
23.40
9.41

WO3 Magnetic Magnetic Non Magnetic WO3
37.08 Separation 40.25
37.90 62.10
0.03 0.05
23.73 42.26
36.00 64.00
3.39 6.02
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4. CONCLUSIONS AND RECOMMENTATIONS  

_______________________________________________________ 
 
Dump samples labelled as “Tailings Dump 2 ” from Premier African Minerals, RHA mine 
were submitted for recovery of tungsten via gravity concentration processes.  
 

4.1 CONCLUSIONS 

 The calculated head grade of Tailings 2 Dump sample was 0.35 % WO3. 
 

 Gravity concentration via a Laboratory Spiral Concentrator of the combined 
undersize and rod milled products realised a recovery of 40.2 of test head in 9.0% 
mass yield giving a concentrate assaying 1.57% WO3. 

 
 Upgrading of the spiral concentrates via Wilfley table realised recovery of 9.41% of 

the test head into a mass yield of 0.08% by mass to a product assaying 39.05 % 
WO3. 
 

 Magnetic separation upon table concentrates increased the grade slightly to 40.2% 
WO3.  Even after grinding it was therefore not possible to achieve saleable grade. 
This taken with the poor recovery eliminates the tailings as a viable resource for re-
processing. 
 

 Tailings 1 and Tailings 3 assayed 0.06% WO3 and 0.09%WO3 respectively and 
were therefore too low to justify testing. 

 
4.2 RECOMMENDATIONS 

 Dump tailing 1 & 3 are too low in grade at 0.06% WO3  and 0.09% WO3 
respectively. 
 

 Dump 2 has sufficient grade, but recovery and grade at 39% and 40% 
respectively are well below those expected from the primary. 
 

 Treatment of this material is only warranted during periods when the primary ore 
is not  available and the plant is otherwise standing idle, the tailings would then 
be fed directly into the RG Scrubber. 
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APPENDIX A 

 

TESTWORK -DETAILED RESULTS 
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SAMPLE: DUMP TAILINGS 2

Heads WO3 (%) 0.29 0.28 Average 0.29

Fe (%) 4.31 4.30 Average 4.31

TEST 1

METHOD The sample as received  w as screened on a 1mm screen and the oversize milled to 100% passing 1mm.
The undersize w as combined w ith the milled oversize  and subjected to gravity concentration using the Spiral 
concentrator. The spiral concentrates w ere upgraded via tabling and table concentrates upgraded via magnetic  
separation. All products w ere dried, w eighed and assayed.

TEST 1.1 Grading Analysis Results

Tungsten Trioxide Results

Product Units

micron (g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n Cum.

 +1mm 36000.0 18.0 18.0 0.08 0.08 27.24 3.9 3.9

 - 1mm 164000.0 82.0 100.0 0.41 0.35 672.40 96.1 100.0

Totals (head) 200000.0 100.0 0.35 699.64 100.0

Iron Results

Product Units

micron (g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n Cum.

  +1mm 36000.0 18.0 18.0 0.23 0.23 82.08 0.9 0.9

 - 1mm 164000.0 82.0 100.0 5.78 4.78 9479.20 99.1 100.0

Totals (head) 200000.0 100.0 4.78 9561.28 100.0

TEST 1.2 Spiral Concentration 

RESULTS

Tungsten Trioxide Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Spiral Conc 18000.0 9.0 9.0 1.57 1.57 282.14 40.2 40.2

Spiral Middlings 22000.0 11.0 20.0 0.29 0.86 62.98 9.0 49.1

Spiral Tailings 160000.0 80.0 100.0 0.22 0.35 357.14 50.9 100.0

Totals (head) 200000.0 100.0 0.35 702.26 100.0

Spiral Conc 40000.0 0.86 345.12 49.1

Mass Assay (%WO3) Distribution %

Mass Assay (%Fe) Distribution %

Mass Assay (%WO3) Distribution
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Iron Results

Product Units

(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Spiral Conc 18000.0 9.0 9.0 7.53 7.53 1355.76 15.2 15.2

Spiral Middlings 22000.0 11.0 20.0 5.56 6.45 1223.20 13.7 28.8

Spiral Tailings 160000.0 80.0 100.0 3.98 4.47 6368.00 71.2 100.0

Totals (head) 200000.0 100.0 4.47 8946.96 100.0
Spiral Conc 40000.0 6.45 2578.96 28.8

TEST 1.3 W.Table Concentration on Spiral Concentrates

RESULTS

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

W Table Conc 169.0 0.9 0.9 39.05 39.05 65.99 23.4 23.4
W Table Middling 1 1805.0 10.0 11.0 8.27 10.91 149.30 52.9 76.3
W Table Middling 2 5167.0 28.7 39.7 0.38 3.29 19.87 7.0 83.4

W Table Tailings 10859.0 60.3 100.0 0.43 1.57 46.97 16.6 100.0

Totals (head) 18000.0 100.0 1.57 282.14 100.0
Jig Conc. 1974.0 10.91 215.29 76.3

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

W Table Conc 169.0 0.9 0.9 12.40 12.40 20.96 1.5 1.5
W Table Middling 1 1805.0 10.0 11.0 14.37 14.20 259.38 19.1 20.7
W Table Middling 2 5167.0 28.7 39.7 7.51 9.36 388.04 28.6 49.3

W Table Tailings 10859.0 60.3 100.0 6.33 7.53 687.37 50.7 100.0

Totals (head) 18000.0 100.0 7.53 1355.76 100.0
Jig Conc. 1974.0 14.20 280.34 20.7

Mass Assay (%Fe) Distribution

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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TEST 1.4 Upgrading of W Table concentrates via magnetic separation

Tungsten Trioxide Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. WO3 Fract'n % Cum %.

Magnetics 64.0 37.9 37.9 37.08 37.08 23.73 36.0 36.0
Non magnetics 105.0 62.1 100.0 40.25 39.05 42.26 64.0 100.0

Totals (head) 169.0 100.0 39.05 65.99 100.0
Magnetics 64.0 37.08 23.73 36.0

Iron Results

Product Units
(g) Fract'n % Cum %. Fract'n Cum. Fe Fract'n % Cum %.

Magnetics 64.0 37.9 37.9 18.94 18.94 12.12 57.8 57.8
Non magnetics 105.0 62.1 100.0 8.42 12.40 8.84 42.2 100.0

Totals (head) 169.0 100.0 12.40 20.96 100.0
Magnetics 64.0 18.94 12.12 57.8

Mass Assay (%WO3) Distribution

Mass Assay (%Fe) Distribution
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Premier African Minerals 
 
 

 
218 Newmarket Road  
Northlands Commercial Park 
North Riding 
Johannesburg 2162 
Ref. No. MRC-PAM08/14X1Rev3 

 

 

Client: Premier African Minerals (Pvt) Ltd 
Attn: Mr George Roach 

 

TECHNICAL AND COMMERCIAL PROPOSAL – COMPLETE APT WOLFRAMITE 
PROCESSING PLANT 

Dear Sir: 

On behalf of Appropriate Process Technologies I wish to thank you for your interest in APT. 
We are pleased to submit our technical and commercial proposal for a complete Wolframite 
recovery plant as per your request. 

We have quoted as our base offer a complete plant with a crushing circuit, an RG200, 
coarse and fine concentrate recovery and accessories as described in Section 3 of this 
proposal.  

In order that you are fully aware of our supply and the operating requirements of the plant, 
we have outlined some of the client responsibilities in Section 6. Please look through this 
section and ensure you have the necessary resources and personnel to maintain and 
operate the plant once it is installed.  

Appropriate Process Technologies is the designer, developer and exclusive supplier of the 
RG range of alluvial material processing plants. The plants are modular and available in 3, 
10, 20, 80 and 250tph variants.  

We look forward to working with you on this project. 

Sincerely, 

APT 
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1 Advantages of the APT Wolframite Plant 

RG Scrubber plants are a well proven solution that is widely accepted in industry. The RG200 is a 
well-tested and proven model plant. A flowsheet of the plant is presented in the appendices. The 
advantages of an APT plant are: 

 Complete supply from scrubber feed through to final concentrate. 

 Our RG Scrubber plants are positioned on one horizontal plane, usually a concrete pad 
200 mm thick. This makes for simple, fast site pre-preparation. 

 The plants are standardised and modularised, so the timely and costly pre-engineering is 
already completed and inherent in the package. 

 Feed trough system with water monitor allows easy materials handling, even for sticky clays. 

 Incorporates an integral grizzly screen to remove +150mm rock from RG feed. 

 Robust, high capacity RG series scrubber configured specifically for alluvial material. 

 Individual plant components unitary mounted for easy translocation and servicing. 

 

Figure 1: An RG scrubber installed on site 
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2 Components of the APT Plant 

2.1 Jaw Crusher 

The JC Crusher is a standard jaw crusher 
used for primary disintegration of the ore to a 
suitable size for the secondary crusher. A 
jaw crusher is used for its simplicity of 
operation, low cost and long life of the 
wearing parts. This minimizes downtime and 
additional maintenance requirements.  

Crushed product from the Jaw crusher is 
carried by conveyor belt to the secondary 
Cone Crusher. 

 

Figure 2: Primary Crusher 

 

2.2 Cone Crusher 

The Cone Crusher is used for further 
disintegration of the ore to a suitable size for 
feeding into the RG200 Scrubber. A Cone 
Crusher is used to reduce material 
sufficiently for liberation and recovery in 
mineral jigs, but without producing excessive 
fine material and over-crushing coarse value 
minerals. 

The product is carried by conveyor belt either 
to a surge bin or to a Stockpile. The 
Stockpile is used in the event that the 
crushing circuit is shut down for maintenance 
and provides a feed source to keep the 
downstream process operating.  

 

Figure 3: Secondary Crusher 
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2.3 RG Scrubber 

The RG scrubber is a process solution to 
maximize disintegration of release bound 
minerals, normally for subsequent gravity 
concentration. The RG scrubber also washes 
out fine material from the feed to produce a 
clean coarse product without clays or silt for 
the jigging process. A 6mm trommel screen 
is fitted to the scrubber to provide a cut for 
the downstream recovery processes.  

Oversize from the scrubber is stockpiled by 
conveyor and can be periodically re-handled 
to the crushing circuit.  

 

Figure 4: RG Scrubber 

2.3.1 Features of the RG Scrubber 

 Unitary frame construction with chain 
sling for easy lifting and translocation 

 Large diameter drum for high efficiency 
scrubbing action 

 Overhead drive motor for cleanliness 
and ease of maintenance 

 Trommel screen efficiency enhanced via 
wave action discharge 

 Direct drum drive for maximum 
mechanical advantage 

 Easy maintenance, bearing change, etc 

 Rubber lined drum 

 Replaceable wear liners (bolt in screen 
mesh liner traps rock and results in 
material-on-material wear protection) 

 Easy component access 

 Sluice trough feed results in uniform feed 
rate 

 Grizzly incorporated in sluice trough 
eliminates oversize rock up front 

 Low power usage per ton (0.5-0.8 kWh/t) 

 Easy and fast installation, 
commissioning and translocation to new 
site 

 

Figure 5: Rubber lined drum with mesh wear liners 
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2.4 Feed System 

The RG scrubber is fed by conveyor from 
the surge bin discharge. The surge bin 
has a variable speed belt to control feed 
rate into the scrubber.  

The scrubber feed rate and slurry 
consistency is controlled by the water 
monitor operator who adjusts the volume 
and direction to wash feed into the 
scrubber mouth. This provides a fail-safe 
feeding mechanism which requires water 
to feed material into the scrubber. Thus 
the solids density cannot increase to a 
point where the scrubber may be 
damaged. Start up and shut down are 
manual.   

Figure 6: Feed trough and water monitor system 

Scrubbed slurry exits the RG underpan onto a vibrating screen, located next to the scrubber.   
Oversize is discharged from discharge chute at the opposite end from feed and is removed via 
conveyor to a Stockpile. 

 

2.5 Coarse Material Concentration and Handling 

2.5.1  Recovery of Coarse Wolframite 

Slurry from the RG gravitates onto a vibrating poly-deck screen (1 mm) to provide a fine size cut for 
the material. Screen undersize is pumped to a spirals circuit (Fine Material Concentration Section), 
while oversize is fed into a jig circuit. 

2.5.2 Jig Circuit 

Oversize from the vibrating poly-deck screen (-6mm+1mm) is fed directly into a 15tph-20tph 
continuous pulsing jig for concentration. The concentrate of the jig is directed towards a dewatering 
screen, the oversize from this screen is passed on as the Final Product. The tails of the Jig are also 
directed towards dewatering screen, and then via conveyor to a Rod Mill for further grinding. The 
undersize from the dewatering screens of both the concentrate and tails is water which is directed into 
a settling cone. This then becomes reclaimed water. 

2.5.3 Rod Mill 

The jig tailings are directed to the Rod Mill via conveyor for further grinding to a target size of -1mm. 
The mill product is pumped back to the vibrating poly-deck screen (1mm). 

 

Werner
Highlight
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2.6 Fine Material Concentration and Handling 

2.6.1  Fines recovery – Spirals Circuit. 

Undersize from the screen (-1mm) is pumped to a three stage spirals circuit. All spirals are twin-start 
spirals (21 degree) with dual cutters at the take-off point for split optimisation. 16 Primary Rougher 
spirals feed a concentrate to a set of cleaner spirals to produce a high-grade product. Tailings from 
the rougher spirals are pumped to a set of scavenger spirals for further recovery. Scavenger tails are 
pumped away as plant tailings, whilst on all other stages the tails are fed back to the previous stage, 
middlings to the start of the same stage.  

 

2.7 Concentrate upgrade 

Three Holman-Wilfley (or equivalent) 
shaking tables are provided to upgrade the 
final spirals concentrates to a saleable 
product. The tables are provided with a 500 
micron screen to produce a fine and coarse 
table feed for improved separation if 
required, followed by a separate table 
treating the middlings of the primary tables. 
Table tails and middlings are re-handled 
using vertical spindle pumps  

 

 

Figure 7: Holmann - Wilfley shaking table 

2.8 Tailings disposal and Remediation 

Remediation is beyond the scope of the APT offer and is excluded. The tailings pump for the fine 
material (-1 mm) will allow the tailings slurry to be pumped directly to a tailings dam. The pump is 
rated for 50m of piping at 2m static head.  

 



 

 

 

CLIENT INITIAL: 
(Required for approval before order)  

2.9 Electrical Supply and Control System 

No power generation has been included in this quote. If required, APT can supply a diesel generator 
sized to run the entire plant, including the mill, as an additional item. 

The plant will be supplied with a motor control centre with starters for crushers, the mill, pumps, 
scrubber and other components and emergency stop switches. The MCC contains voltmeters, 
ammeters and single phase 230 V outlets.  

Cable runs to equipment are carried in galvanised trunking. All components connect into the 
electrical system with quick detachable plugs and socket points or hard wired terminations.  

 

2.10 Water Reservoir and Supply  

 Portable circular pond 

 Steel mesh supporting plastic insert.  

 Geo-mat base protector. 

 9 m diameter, 1.2 m high. 

 76 m
3
 capacity. 

 No concrete foundation required, just a 
level, flat site with sand cover. 

 All necessary pumps and piping are 
supplied to provide water from the pond to 
the plant. 

 

Figure 8: Water storage tank 
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3 Scope of Supply 

3.1 Base Package 

We have provided an equipment quotation for a Crushing Circuit with an RG200 Scrubber, Spirals 
Circuit, Jigs, Rod Mill and tabling equipment. Each plant consists of:  

Item 1. Primary and Secondary Crushing Circuit 

 Feed Hopper with vibrating pan feeder 

 Jaw Crusher (15’’ x 24’’) with 30kW motor  

 Jaw Crusher frames, access ladders and guards 

 JC Product conveyor (2.2kW)  

 24” Fine head Cone Crusher (30kW) 

 Cone crusher product conveyor (2.2kW) 

 Surge Bin (approx 4m
3
) with variable speed take off belt (3 kW)  

 RG Feed conveyor (2.2 kW) 
 

Item 1. APT RG200 Scrubber Plant,  

 RG200 Scrubber 

 25mm Internal Screen fitted to RG discharge trommel. 

 6mm Outer Screen fitted to RG discharge trommel. 

 15 kW SEW Eurodrive Geared Motor 

 Feed trough. 

 Oversize discharge conveyor, for trommel oversize (2.2 kW) 

 RG 200 Spares Set comprising 
o 2x Drum drain plugs 
o 1x set spare mesh 25mm inner trommel screens 
o 3x Drum scoops 
o 1x set of trommel wear shoes and kickers 
o 1x set trommel outer spoke shoes 
o 4x spare mesh 3mm outer trommel screen. 
o 1x set spare bearings  
o 1x set scrubber drive belts. 
o 1x set RG drum wear liner. 

 

Item 2. Fines Screen   

 Vibrating Polydeck Screen with 1mm slotted apetures (2.2kW) 

 Screen Framework and access 

 Oversize discharge chute and underpan 

 Spraybars and water supply piping  
 

Item 3. Coarse Jig 

 10-15tph Continuous Mineral Jig  

 Pneumatic actuators and bellows 

 Air compressor (60kW) 

 Framework and support structure  

 Concentrate, middlings and tailings dewatering screens  
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Item 4. Rod Mill 

 Rod Mill 2.1 x 3.0m  

 Mill motor (150kW) and gearbox 

 Mill support frame, bearings, liners and trommel screen 

 Initial supply of grinding media  

 Pumps and Piping:  
o 1x Mill sump pump  

 

Item 5. Spirals Circuit   

 2x 6/6 Heavy Minerals Rougher Spirals Assemblies  

 1x 6/6 Heavy Minerals Scavenger Spirals Assemblies  

 1x 4/4 Heavy Minerals Cleaner Spirals Assemblies 

 Gravity Feed Distributors  

 Spirals framework and walkways  

 Pumps, Piping and Internal Water Supply System:  
o 3x Spirals Feed Pumps and Sump  
o All internal slurry piping reinforced rubber mining 

hose. 
o All internal water piping PVC or galvanised steel. 

 

Item 6. Upgrade Circuit   

 1x 500 micron vibrating screen for spiral concentrates 

 3x Holmann-Wilfley (or equivalent) Shaking Tables  

 Vertical sump pumps for concentrate handling 
 

3.2 Additional Items 

Item 1. Pumps, Piping and Internal water supply system 

 2x Mesh Reservoir 76m
3
. 

 1x Settling cone for silt removal from recirculated water 

 Plant Water Supply Pumps as required  

 All internal slurry piping reinforced rubber mining hose. 

 All internal water piping PVC or galvanised steel. 

 Tailings slurry line 50m of 100mm ID Class 16 PVC pipe in 
6m lengths. 

 Water piping from water pumps to plant - HP Poly pipe. 

 1x Slurry Pump replacement parts kit 
 

Item 2. Electrical Container MCC System 

 Modified 20ft container MCC with emergency stops, volt and ammeter, 
component start and stop controls 

 Cabling to each drive unit 

 Single Phase Outlets (120/230V) for power tools etc 

 Lighting Tower for plant lighting, LED floodlights 
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Item 3. Tools  

Hand tools are provided for assembly and commissioning of the plant. These tools remain on site for 
use by the client in a 20ft container provided as a tool shed. Tools provided include:  

 Hacksaws 

 Hammers 

 Shifting Spanners (200mm/450mm) 

 Pipe Wrenches  

 Combinations spanners  

 Screwdriver sets 

 160A DC-inverter Arc Welding Machine  

 4.5” Electric Angle Grinder  

 13mm Electric Hand Drill.  

Item 4. Packing 

 Includes labour and materials  

 1x Break Bulk Rod Mill 

 Estimated 5 x 40ft and 3 x 20ft containers  

Item 5. Operating and Maintenance Manual Set 

 Operations and Maintenance manuals for all units  

Item 6. Installation and Commissioning 

 Installation and commissioning of all equipment included in this contract 

 2x APT Technicians on site for 10 days i.e. 20 man-days on site 

 Travel costs to site 
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4 Additional Information 

4.1 Ordering Validity and Expiration 

This proposal and quotation are valid provided initial deposit payment is received on or before the 8
th
 

December 2014. We anticipate manufacturing cost increases in the New Year and to hold this quote 
we will need to place orders before the close of 2014. The proposal becomes an order upon the 
receipt by APT of the signed proposal, together with receipt of the deposit. The order will be 
entered into manufacture only once the full deposit is received and the delivery lead time will 
commence upon the date of receipt of the deposit. Should the deposit not be received within the 
quotation validity period, APT reserves the right to cancel the agreement and re-issue the document 
with any escalations that may have occurred in the interim.  

4.2 Deposit Payment 

Securing of an order is by payment of a deposit. Payment terms for this proposal are: 

 Deposit of US$ 688 016.37 (33.1% of Plant Cost) to initiate build 

 Payment of US$ 351 708.00 by 15
th
 January 2015 to bring deposit to 50% 

 20% No later than 9 calendar weeks after initial deposit.  

 30% balance payment two weeks prior to dispatch of plant from works 

 Commissioning Fee of US$ 46 987.00 upon completion of installation and commissioning 
of plant. 

4.3 Freight excluded 

Freight and shipping of the plant is excluded from this proposal. The containers will be supplied 
packed, ex Works Johannesburg (Incoterms 2010) 

For estimated packing see Section 3. 

4.4 Manufacturing Lead Time 

Current manufacturing lead-time for a complete plant package is 20 weeks from receipt of payment of 
deposit. This excludes a shut-down in the manufacturing sector of approximately 2 weeks from mid-
December to early January. On site construction, installation and commissioning is estimated to take 
a further 2 weeks. 

Freight transport to site to be added to the above times, and is unknown at this point 

Any delay in meeting payment deadlines as given above will result in the pro-rata delay be added to 
the delivery lead time. 
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5 Technical Information 

5.1 Tonnage Ratings 

The plant is rated for a throughput of 5000 tons per month of ROM ore, based on a 12 hour operating 
day for 25 days per month.   

5.2 Battery Limits 

 We supply the feed hopper above the jaw crusher on support legs with a feed height of 
approximately 4m. Customer provides feed material at specified feed rate into the trough. A 
wheel loader with 2.5 – 3.0m

3
 bucket capacity will suffice. Client to consult manufacturer for 

suitability. 

 Scrubber oversize is discharged into a stockpile. Client is responsible for re-handling back 
into feed hopper. 

 We supply water pond(s) for plant water feed. Customer supplies clean water to the feed 
pond at the specified rate. 

 The scope of our electrical installation is limited to the equipment listed in this proposal. No 
additional electrical work will be carried out by APT during on-site installation. 

 Coarse jig concentrates are collected in tote bags. A pallet trolley is provided to move the 
bags. 

 Wilfley table concentrates are collected into buckets and transferred by hand to tote bags. 
Table tails are returned to the circuit by pump.  

 Tailings from the spirals are sent to a tailing pump with 18.5kW motor. The pump is capable of 
pumping 2m vertical head over 50m. 

 Our battery limit is the discharge of the tailing pump. 50 m tailings line supplied. 

5.3 Electrical Supply 

Supply Voltage (Generator or client supply) 380V – 3 Phase – 50Hz 

Control Voltage 120V – 1 Phase – 50Hz 

Total Installed Power  Approx 420 kW 

Largest Drive (Air compressor) 60 kW 

Alternative voltage/frequency can be supplied if specified at the time of order. 

5.4 Water Supply 

Total water requirement for the plant including the jigs is approximately 180m
3
 per hour. A settling 

cone and water reclamation system has been included in the scope of supply. The effectiveness of 

this and the overall water recovery can only be assessed once on site. The client should ensure 

adequate fresh make-up water is available prior to plant installation. Water should be between pH 6 

and pH 8 and free of suspended solids (60 minutes settlement adequate). 
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6 Exclusions and Responsibilities of the Client 

6.1 Civil Works 

Preparation of the site area is excluded 
from this offer. APT will supply information 
regarding site preparations, but it is the 
client’s responsibility to undertake the 
necessary work before the equipment is 
installed. The required work includes: 

 

 

Figure 9: Prepared concrete site  

 Clearing the plant area of vegetation and oversize rocks 

 Clearing two level benches, overlaid with a concrete screed, for plant equipment 

 Any additional civil work and foundations required for the mill  

 Provision of site access, roads,  area fences and similar  

6.2 Logistics 

6.2.1 Transport and Freight 

Freight is excluded from this proposal: 

The following are not included in this offer: 

 Any “demurrage,” “detention” or storage charges 

 Duties, clearing and taxes 

 Municipal clearance fees (e.g. utility providers) 

 Route surveys 
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6.2.2 Site installation and training 

APT will provide all required engineers/technicians/artisans for installation, assembly and start-up. A 
separate installation and commissioning invoice will be presented prior to shipping the plant. Any 
delays during installation due to client’s failure to adequately prepare will result in removal of the 
commissioning team and return at a later date, with all incurred expenses borne by the client. This 
includes, but is not limited to: insufficient site preparation, crane breakdowns, power failures and lack 
of water.  

The following are excluded from the commissioning cost and must be provided by the client: 

 Accommodation and food on site for commissioning team (Approximately 4 people) 

 Crane hire for offloading the containers on site, and installation of equipment 

 The client’s plant operators to be present for training during commissioning 

 Fuel and lubricants for the generator if required 

 Client’s cutting tools and welding equipment on standby in the event of shipping damages to 
APT’s equipment  

 

6.3 Mining processes, maintenance facilities and utility supply 

6.3.1 Mining equipment and remediation 

Mining equipment is excluded from this offer. Mining methodology is also excluded from this offer. 
Remediation methodology (if applicable) and the results thereof are excluded from this offer. 

6.3.2 Maintenance Facilities and Equipment 

Basic hand tools are supplied with the plant. The client will be required to provide the necessary 
maintenance sheds, work areas and equipment to properly service the plant and equipment. 

It should be noted that the plant is large scale and equipment will require cranes, slings and lifting 
tackle to be moved/serviced. A 2 – 3 ton forklift is recommended as a minimum for equipment 
servicing. 

6.3.3 Water 

The provision of water to the APT plant storage pond and its quality is the responsibility of customer.  

6.3.4 Power 

If the generator is supplied by APT, it is rated for the equipment listed in this proposal. Any alternative 
connections to a mains supply are excluded. APT cannot guarantee that the generator will run any 
additional equipment connected to it by the client. 
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6.4 Performance guarantees  

No process or metallurgical guarantees are provided or implied by APT. Any performance guarantee 
will be limited to mechanical performance only. No metallurgical performance guarantee is given or 
implied. APT warranty covers that the plant will be “fit for purpose.” Any dispute resolution is subject 
to informal arbitration only.  

If in doubt about the suitability of the APT plant for the proposed feed ore, the client is advised to have 
metallurgical testwork performed upon the ore. 

6.5 Trained technical personnel 

In order to maintain the plant, trained technical personnel will need to be on site at all times, to carry 
out basic engine servicing, greasing and replacement of bearings etc. 

6.5.1 Operating Personnel  

For continuous operation of this plant, APT’s recommends a minimum operations crew of:  

 1x Crusher Plant Operator (operates crushers / controls feed / plant operation)  

 1x Scrubber Plant operator (operates scrubber monitor)  

 1x Secondary plant operator (monitors spirals/jigs/mill etc) 

 3x Tabling operators (oversees concentrate collection / tabling system)  

Note that this excludes any operating crew required for mining / operation of loading and haulage 
equipment and maintenance crew.  

6.5.2 Maintenance Personnel 

In order to maintain the plant, trained technical personnel will need to be on site at all times, to carry 
out basic equipment servicing on pumps, crusher, replacement of bearings etc. Whilst training 
regarding the actual equipment will be provided by APT during commissioning, the maintenance crew 
should have prior mechanical knowledge. If required, we can conduct a training session prior to plant 
shipping at our head office in Johannesburg, South Africa. 

6.6 Spares and Maintenance 

Whilst APT’s solutions are designed to be complete and simple to operate, it is important for the client 
to be aware of what is required to maintain operation of the plant. An APT solution is a full-scale 
mineral processing plant, and therefore requires regular maintenance, ordering of spares stock 
and replacement of wearing items to ensure continuous operation. Before placing an order, you will 
be required to sign off that you agree to and are aware of these responsibilities. They are outlined in 
further detail below. Spares requirements are not listed comprehensively but cover most major routine 
maintenance.  

Total spares costs for this plant is estimated at US$3.00 per ton of ore processed. This is equivalent 
to an annual spares cost of US$ 180 000, based on 5000 tons per month. This excludes consumables 
such as grease, oil etc.  
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6.6.1 Jaw Crusher 

Routine maintenance of the jaw crusher is limited to greasing of the bearings, tightening of drive belts 
and inspection of wear parts. An initial stock of wear parts is supplied with the plant; this stock will 
need to be re-ordered as the spares are used. 

 

Failure to maintain the crushers can result in reduced throughput 
or extensive damage to the crusher. 

6.6.2 Cone Crusher 

Routine maintenance of the cone crusher includes greasing of the bearings, maintaining the hydraulic 
system and inspection of wear parts. An initial stock of wear parts is supplied with the plant; this stock 
will need to be re-ordered as the spares are used 

6.6.3 RG Scrubber 

Routine maintenance of the scrubber is limited to 
greasing of the bearings, tightening of drive belts 
and inspection of wear parts. An initial stock of 
wear parts is supplied with the plant; this stock will 
need to be re-ordered as the spares are used.  

 

Figure 10: Drum wear liners 

The major wearing components on the RG scrubber are: 

Table 1: RG Scrubber Maintenance 

Wear Item Description 
Estimated 
Life 

Maintenance Time 
(to replace) 

Outer Trommel Screen 
3mm wrap-around steel wire 
mesh 

600 hrs 1.5 hours 

Inner Trommel Screen 
Panels 

25mm steel wire mesh panels x 
6 

1800 hrs 1.5 hours 

Drum Wear Liners 
50mm steel mesh panels with 
lifter bars x 16 

3600 hrs 10 hours 

Trommel Wear Shoes  1800 hrs 1 hr 

Drum Scoop Rubber lined steel x 3 3600 hrs 3 hours 
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Failure to replace screens can result in wire breakage, with 
oversize passing into the spirals and pumps which can cause 
serious damage and/or affect mineral recovery. Failure to replace 
wear liners can result in damage to the drum structure which will 
require extensive drum-rebuilds to repair.  

6.6.4 Conveyors 

Conveyor idlers will need periodic checking to ensure the bearings are running correctly, and replace 
any bearings that are not running smoothly immediately. This is a simple visual check that all rollers 
are running smoothly. A small quantity of replacement idlers is supplied with the plant.  

The conveyor belt will need occasional adjustment to the tracking to ensure it remains central on the 
rollers. 

 

Failure to maintain the conveyor can result in damage to the belt.  

 

6.6.5 Pumps 

The pumps supplied with an APT plant are standard rubber-lined pumps used in slurry applications 
around the world. They are equivalent to the industry standard Warman AH series and all parts are 
interchangeable. All pumps running under continuous duty require regular maintenance, lubrication 
and servicing to keep them running. Gland packing requires regular replacement and bearings 
must be greased as indicated in the supplier manual. 

Rubber liners are fitted to the pumps to provide a longer life for the casing. The liners must be 
inspected periodically and replaced as required.  

An initial spares package of liners, seals and glands will be supplied with the plant. The client will 
need to maintain this stock of spares to avoid downtime of the plant if pumps fail.  Pump wear rate 
varies according to material and will be established during initial plant operation 

 

Failure to maintain the gland packing can result in slurry 
entering the gland housing and shaft bearings, causing damage 
and requiring replacement of the pump. Lack of lubrication in 
the bearings can result in bearing seizures. Worn impellers 
reduce pumping efficiency and can result in line blockages 
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Client Acknowledgement 

Signature of this document will constitute a working contract between APT and the 
client 

 

 

 

 

I ____________________________________________, acting in my capacity as 

__________________________________________ on behalf of 

_________________________________________________ (Company Name)  

acknowledge that I have read this proposal and agree to the terms and conditions 

presented. I have read and am aware of my requirements and responsibilities as a 

client in the operation and maintenance of an APT plant and undertake to ensure 

that the necessary requirements are put in place.  

 

Signed at __________________________________  

On_______________________________ (Date) 

Client Signature ____________________________________ 

Signature on behalf of APT 
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Appendices 

The following appendices are included 

Appendix A – Proposed Flowsheet 

Appendix B – Concept Plant Layout 

Appendix C – Quotation Sheet –  

 1x Wolframite Recovery Plant 

Appendix D – Standard APT Terms and Conditions of Sale 
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218 Newmarket Road 
North Riding, South Africa 

Tel +27 11 704 6678 Fax +27 11 704 5709 

Postnet Suite 153 Private Bag X3, North Riding 2162 
E-mail: info@aptprocessing.com 
SA Reg 2007/005106/07    www.aptprocessing.com 

08 December 2014 

 

MRC-X1-PAM01 

Validity: - Until 8
th

 Dec 14 

 
 

Quotation – Premier African Minerals 
15-20tph Wolframite concentrator plant – RHA Project 

ITEM                              PRICES 

CRUSHERS: • Primary Jaw Crusher 15 x 24 (30 kW) with feed bin • 24 inch Secondary Cone crusher (30 kW)  
 • Crusher framework 

 

CONVEYORS: • 6 x conveyors (2.2kW) for materials handling   

STORAGE BIN: • Surge bin (approx 6m
3
 capacity) with takeoff belt  

RG200 SCRUBBER: •RG200 Scrubber   •6mm screen fitted   •15 kW geared motor drive 
•Feed trough with water monitor   •RG200 scrubber commissioning spares kit. 

 

SCREENS: • Vibrating Polydeck screen (1mm) for sizing jig feed • Dewatering screens for jig concentrates, 
middlings and tails 

 

MINERAL JIG: • Twin compartment mineral jig with takeoff chutes, framework, access ladders • Pneumatic actuators 
for jig pulsing • Air compressor (60kW)  

 

ROD MILL: • Rod Mill 2.1 x  3.0 m (150 kW)   •Gearboxes   •Trunnion Bearings 
 •Liners   •Initial rod charge 

 

SPIRALS CIRCUIT: • 2x 6/6 mineral spirals rougher circuit • 1x 6/6 minerals spirals scavenger circuit • 1x 4/4 mineral 
spirals cleaner circuit • Spirals distributors, framework and access ladders    

 

SLURRY PUMPS: • All required slurry pumps with motors and pump sumps  

PIPING: •Piping including internal water reticulation and internal slurry piping.  

WATER 
CIRCULATION: 

• 76m
3
 water tank • Water supply pumps as required • Settling cone for silt removal and water 

recirculation 
 

CONCENTRATE 
UPGRADE: 

• Vibrating 500 micron concentrates screen •3 x Holmann-Wilfley (or equivalent) shaking upgrade 
tables • Concentrate handling pumps  

ELECTRICS: •Full electrical reticulation including wiring, stop/starts, emergency stops  • Motor Control Centre  
• Cabling and testing  

PACKING: •Packing : 5 x 40ft and 3 x 20 ft containers 
  

   

TOTAL PLANT COST, PACKED, EX Works Johannesburg, South Africa $         2 079 416 

INSTALLATION & 
COMMISSIONING: 

• Installation and Commissioning of all equipment listed above • 2 x Technicians on site for 10 days  
• Transport for technicians to site • EXCLUDING on-site accommodation and subsistence  $               46 987 

TOTAL COST, PACKED, EX Works Johannesburg, South Africa $         2 126 403 

 

 
Terms of Sale 

 Exclusions : -  Pre-inspection, duties, brokerage & taxes, demurrage, site 
preparation, raw water supply, onward training on plant, test-work 

 Freight Quote available upon request. 
 Assembly and Commissioning based on all site preparations being 

completed by customer according to our instructions and site 
preparation manual. Extra days will be charged to customer. 

 Delivery : -  Manufacturing lead time  22  weeks ex receipt of order & 
deposit 

 ROE  : -  Plant origin South Africa, any changes to the rate of exchange 
may be applied at APT's discretion. 

 Conditions  : -   APT  Terms & Conditions apply 
 Payment  : -  As per terms in proposal document 
 VAT 14 % applicable to internal sales in South Africa only. E&OE 
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21 January 2015 

Our ref: SP0578 – Rev 2 

Premier African Minerals 

The Croft 
87, Main Road 
Blue Hills 
Gauteng 
South Africa 
 

Attention:  Mr Werner Swanepoel 

Reference:  PRELIMINARY DESIGN AND COSTING OF ENGINEERING SERVICES AND EQUIPMENT 

RELATED TO THE  INFRASTRUCTURE SUPPORTING THE RHA TUNGSTEN MODULAR 

PROCESS PLANT IN ZIMBABWE 

                         

Dear Werner 

In line with our proposal T2340 Rev 2, dated 9 October 2014, please find herewith SENET’s report on 

the  preliminary  engineering  and  costing  work  undertaken  on  the  infrastructure  supporting  the 

modular Wolframite process plant at RHA Mine in the Hwange area of Zimbabwe.  

We  have  taken  cognisance  of  the  specific  request  by  Premier  African Minerals  to  adopt  a  cost 

effective  approach  in  relation  to  the work  done  as  part  of  this  study,  as well  as  the  equipment 

selection and construction methodology.  

The work undertaken as part of this study includes sufficient up‐front engineering design to enable 

equipment selections, material take‐offs and bills of quantities for earthworks and civils.  In line with 

our offer, we have minimized the cost of this work by only generating sufficient information and 

drawings to enable the implementation of the project work to take place with adequately skilled site 

supervision backed up by engineering and project support from SENET head office. 

It is important to note that the information obtained from the process plant vendor (APT) is 

provisional.  In addition, no geotechnical investigations have been conducted.  This means that 

although the up‐front earthworks and civils design work done as part of this study is adequate to 

produce a cost estimate, SENET can only conduct the final earthworks and civil designs once certified 

(Issued for Construction) information is available from the process plant vendor and the 

geotechnical investigations have been completed. 



Page 2 of 
RHA Tung

 

The up‐f

into the 

1. 
2. 
3. 
4. 

 

1. IN

Followin

location

propose

located 

200m to

 

To provi

in which

balance 

N

27 
gsten ‐ Project I

front engine

following se

Infrastructu

Water 

Electrical 

Earthworks &

NFRASTRUC

ng meetings 

  for the pro

ed  plant  loca

adjacent  to 

o the South E

ide the most

h the proces

of  the  offic

Op
Ma
Inf

Gen

Fue

nfrastructure R

ering and co

ections: 

re 

& Civils 

CTURE 

on site on 5

ocess plant w

ation  infrast

the process

East – adjace

t cost effecti

ss plant  is de

ce  accommo

peration	&	
aintenance	
frastructure

ROM	P

nerators & 

el Storage 

 

Report ‐ Rev 2 

osting work d

5 November

was establish

tructure  for 

s plant, whil

ent to the ent

ve infrastruc

elivered will 

odation  and 

Wolf
Plant

North	Ad

Pad	

Futur

done as part 

r 2014, betw

hed.    It was 

the  plant  o

le all other  i

trance to the

cture solutio

be converte

other  infras

framite	Processi
t	from	RHA	

dit

re	Process	Plant	

of this study

ween Premie

agreed that

operating  an

infrastructur

e North adit.

on, it was agr

ed to worksh

structure  req

ng	

Manage
Admin	I

Area

y is categoris

er African Mi

due  to spac

nd maintena

re would be 

. 

reed that the

hops, stores 

quired will  b

ment,	Mining	&	
nfrastructure	

sed, by discip

inerals and 

ce constrain

ance  staff  w

sited appro

e shipping co

and offices,

be  construct

 

pline, 

SENET, a 

ts at the 

would  be 

oximately 

 

ontainers 

, and the 

ted  from 



Page 3 of 
RHA Tung

concrete

applicat

The pro

layouts 

 

PROCES

 

27 
gsten ‐ Project I

e  blockwork

ion. 

oposed  infras

below: 

SS PLANT AR

nfrastructure R

k.    All  build

structure  in 

EA 

 

Report ‐ Rev 2 

dings  will  b

the process

 

be  insulated

s plant area 

  and  air‐co

and admini

onditioned  t

stration are

to  suit  the 

ea  is  indicate

 

 

relevant 

ed  in  the 



Page 4 of 
RHA Tung

ADMINI

INFRAST

27 
gsten ‐ Project I

ISTRATION A

TRUCTURE IN

nfrastructure R

AREA 

NDEX 

 

Report ‐ Rev 2 

 

 

 



Page 5 of 
RHA Tung

2. W

Water S

Various 

 

1. 

2. 

3. 

Water B

APT calc

addition

27 
gsten ‐ Project I

WATER 

 

Supply: 

options  w

Lukosi:  Ind

Lukosi sidin

potential t

 

RHA Dam: 

considered

establish th

the catchm

dam.  The 

585,000m³

would be b

 

Premier Af

generate a

By factorin

witnessed 

approxima

plant. 

 

Tailings Re

have offere

temporary

estimated 

approxima

recover wa

investigate

 

APT condu

thickener w

m³/hr of w

percentage

be possible

water bala

equates to

temporary

 

Balance 

culated that t

nal requirem

nfrastructure R

were  conside

dependent w

ng (approxim

o supply ± 6

 This dam is

d the primary

he potential 

ment area for

hydrogeolog

³, and annua

between 80%

frican Minera

a spreadshee

ng the estima

on site in re

ately 112,288

eturn Water:

ed would dis

y tailings stor

to be approx

ately 3 to 4 m

ater immedia

ed. 

ucted settling

would, as a m

water being r

e was conser

e to achieve 

nce calculat

o 27.43 m³/h

y TSF is being

the total wa

ent for pota

 

Report ‐ Rev 2 

ered  to  sup

water yield te

mately 18km 

.7 m³/hr of r

s located app

y source of w

rainfall inflo

r the dam, th

gical assessm

l evaporatio

% and 90% fu

als has used 

et indicating 

ated run‐off 

cent years P

8 m³ of wate

:  Informatio

scharge ± 40

rage facility (

ximately 8 m

months after 

ately after co

g tests on the

minimum, co

ecovered.  D

rvative, and t

up to 60%.  

ions, that th

r of water be

g used no wa

ter consump

ble water an

pply  water 

ests conduct

 from the pr

raw water pe

proximately 1

water.  A hyd

ow into the d

he run‐off co

ment estimat

n to be 180,

ull most of th

the data fro

estimated d

water captu

remier Afric

r per annum

on provided b

.49 m³/hr of

(TSF) is unlin

m³/hr.  This re

the plant is 

ommissionin

e expected t

oncentrate th

During a mee

that with pro

SENET has th

e thickener w

eing recover

ater would th

ption for the

nd dust supp

to  the  pro

ted by GWDC

ocess plant)

er operating 

1km from th

drogeologica

dam based o

oefficient and

ed annual in

000m³.  This

he year, whic

om the hydro

am water lev

red in the da

an Minerals 

m should be a

by APT indica

f tailings cont

ed, and ther

eturn water 

commission

ng, the inclus

ails material

he tails to 43

eting with AP

oper thicken

herefore ass

will concentr

ed.  It has al

hen be recov

ir process pla

ression is est

ocess  plant 

C on one of t

revealed tha

hour. 

e process pla

l assessment

n the statisti

d expected e

nflow into the

s would indic

ch from expe

ogeological a

vels for each

am to reflect

have estima

available to s

ates that the

taining 24.4%

refore availa

is typically o

ed.  In order

ion of a tailin

 which revea

3%, which eq

PT it was agre

ner underflow

umed, for th

rate the und

so been assu

verable from 

ant will be 14

timated at 5 

t  –  these  i

the existing w

at this well h

ant, and is 

t was condu

ical annual r

evaporation f

e dam to be 

cate that the

erience is un

assessment t

h month of th

t water level

ated that 

supply the pr

e standard pl

% solids.  Th

ble return w

only available

r to be able t

ngs thickene

aled that the

quates to 23.

eed that this

w control it s

he purposes 

derflow to 50

umed that w

 the TSF. 

43.40 m³/hr

5 m³/hr.  The

 

included: 

wells at 

has the 

cted to 

ainfall in 

from the 

 dam 

true.   

o 

he year.  

s 

rocess 

lant they 

e 

water was 

e 

o 

er was 

e 

15 

s 

should 

of the 

0% ‐ this 

while the 

.  An 

settling 



Page 6 of 
RHA Tung

cone, wh

thickene

27.47 m

Premier 

assumin

water is 

from the

A potent

testing c

quantity

the redu

may be 

m³/annu

 

 

Water‐r

1. Raw 

It is assu

The  inte

of the ra

the mine

2860 S 1

supplied 

 

Power f

80kVA g

40kVA g

The raw

(refer to

suit the 

a  valve 

incorpor

process 

 

27 
gsten ‐ Project I

hich forms p

er will mean 

m³/hr of make

 African Min

ng 6 days/we

thus calcula

e RHA dam, a

tial solution 

conducted, t

y to the one t

uction of eva

able to prov

um shortfall.

related infras

Water Supp

umed, for th

ention  is to r

ails leading i

eshaft will b

0kW submers

by the vendo

or this pump

genset, purch

genset from t

 

w‐water pum

o Figure 1 be

dam water l

manifold  o

rate  a  non‐r

plant or to t

nfrastructure R

part of the pr

that a furthe

e‐up water b

erals have c

eek operation

ated to be 16

a shortfall of

to cover this

here would 

tested.  Ano

aporation fro

ide evaporat

. 

structure: 

ply 

e purposes o

re‐use the ex

nto the dam

be used as th

sible pump, w

or has been us

p is to be pr

hased for de

the camp wo

p can either 

elow), or on 

level, or rem

on  the  bank

return  valve

the camp. 

 

Report ‐ Rev 2 

rocess plant,

er 27.43 m³/

being require

onfirmed tha

n with 90% a

66,613 m³/an

f 54,325 m³/

s shortfall wo

be a require

ther potenti

om the RHA d

tion savings 

of this study

xisting pump

m being requ

he raw‐water

which is assum

sed to estimat

ovided by an

ewatering the

ould then be

be mounted

a float ‐ eith

moved for ma

(in  or  nea

e,  plus  isolat

 will recover

/hr can be re

ed. 

at expected 

availability an

nnum.  Assum

/annum is ex

ould be to p

ment to iden

al solution, w

dam – initial 

sufficient to 

y, that the RH

p‐station  loc

ired.  The pu

r pump at th

med to still be

te pumping vo

n existing ge

e mine shaft

 relocated to

d onto a sim

her option w

aintenance.  

r  the  existin

tion  valves 

r 93.50 m³/h

covered.  Th

plant operat

nd 90% utiliz

ming that 11

pected. 

ump water f

ntify a secon

which will re

indications a

cover most 

HA Dam will 

cation at the

ump that wa

he RHA dam.

e in good wor

olumes. 

enerator – th

t to provide 

o the dam to

ple bogey, w

will allow the

Flexible hos

ng  pump‐ho

to  allow  flo

r.  The inclus

his results in 

ting hours ar

zation.  The r

12, 288 m³/a

rom Lukosi. 

d well which

quire furthe

are that cert

of, if not all 

be the sole 

dam, with m

as recently p

.  The pump s

rking conditio

he recomme

power to the

o power the r

which will run

e pump posi

se from the p

ouse).    This 

ow  to  be  pu

sion of a taili

a net averag

re calculated

required ma

nnum is ava

 Based on th

h yields a sim

er investigatio

tain technolo

of, the 54,32

source of ra

minor refurb

urchased to 

supplied was 

on.  The pump

ndation is to

e camp ‐ the

raw water pu

n on the exis

ition to be a

pump will co

valve  mani

umped  eithe

 

ings 

ge of 

d by 

ke‐up 

ilable 

he yield 

milar 

on, is 

ogies 

25 

w water.  

bishment 

dewater 

a Flygt BS 

p curve as 

o use the 

e existing 

ump. 

sting rails 

ltered to 

onnect to 

ifold  will 

er  to  the 



Page 7 of 
RHA Tung

 

Line Rou

The pipe

which  in

ground c

The pipe

which  in

ground c

Line velo

up  to 50

operating

Table 1 b

 

27 
gsten ‐ Project I

uting  

eline to the 

cludes  20%  o

onditions. 

eline to the e

ncludes 15%

onditions. 

ocities in bot

0m3/hr  and

g conditions a

below.  Pump 

Em

Ful

nfrastructure R

process plan

overage  to  ca

existing cam

% overage  to 

th systems a

  the  line  to 

are shown in  

operating ran

pty (896mA

l (908mASL

Dam Leve

 

Report ‐ Rev 2 

 Figure 1: Rai

nt is 110 O.D

ater  for  any  v

p is 63 O.D.

cater  for any

are limited to

the  camp u

nge shown on 

Flow

Pla

[m
3

ASL)

)

el

F

ils to mount pu

D. HDPE PE10

variations  in 

HDPE PE100

y variations  in

o 2m/s. Usin

up  to 14 m3

curve indicat

w to 

ant 
3
/hr]

d

[m

45

50

Flow to Plan

ump trolley on

00 PN10.  Th

the  actual  ro

0 PN10.  This

n  the actual  r

ng this criter

3/hr.    Flows 

ed in Figure 2

H 

m]

Flow

Pla

[m
3
/

45

38.5

nt Fl

his was mode

outing  on  site

s was model

routing on site

ia, the line t

to  the  plant 

2. 

w to 

nt 

/hr]

dH

[m]

11

14

ow to Camp

elled to be 120

e  due  to  unfa

led to be 80

e due  to unfa

to the plant 

and  camp  fo

H 

]

77

77.6

p

 

 

00m long, 

avourable 

0m long, 

avourable 

can yield 

or  various 



Page 8 of 
RHA Tung

 

27 
gsten ‐ Project Infrastructure R

 

Report ‐ Rev 2 

Table 1: Pump

Figure 2:

p Duty Points to

: Pump Operati

o Camp or Plan

ing Range 

t 

 

 



Page 9 of 
RHA Tung

 

The pro

discharg

per SAN

 

Air‐relea

 

Line to t

Line to t

 

The  line

valve is s

The  pip

specialis

 

Pipe layo

 

Provisio

suppres

 

  

27 
gsten ‐ Project I

oposed  routi

ge and distrib

S1200DB. 

ase vents com

the plant: 50

the camp: 25

e to the plan

supplied for 

eline  sectio

sed tooling o

out schemat

n has been 

sion.  

nfrastructure R

ng of  the p

bution lines w

mplete with 

0NB air relief/

5NB air relief

nt terminates

this purpose

ns  are  to  b

or welding m

tic at the dam

made for ad

Fig

 

Report ‐ Rev 2 

ipe  lines  are

will be burie

isolation ba

/vacuum bre

f/vacuum bre

s at  the raw

e.  The line to

be  coupled  u

achines. 

m depicted in

dditional valv

gure 3: Raw wa

 

e  shown on 

ed.  The mini

ll valves to b

eak valves at

eak valves 16

w water rese

o the camp t

using  compr

n Figure 3 be

ves and fittin

ter dam pump

drawing  SP

mum cover a

be placed at t

t approximat

60m and 340

rvoir on site

terminates in

ression  fittin

elow: 

ngs to enabl

station schem

0578 1000 M

above the bu

the high poin

tely 80m and

0m 

e.   A 100NB 

n the storage

ngs.    There 

e the filling 

atic 

M  LAYT 00 

uried lines sh

nts on the lin

d 360m  

wafer type 

e tanks on si

is  no  need

of a bowser

 

101.   All 

hall be as 

nes:  

butterfly 

te. 

  for  any 

r for dust 

 



Page 10 o
RHA Tung

The syst

surges  i

was req

 

 

 

 

 

f 27 
gsten ‐ Project I

tem was  inv

n the pipes 

uired.  Refer

nfrastructure R

vestigated  fo

are  less tha

r to Table 2 be

P

Joukowsk

P

Joukowsk

 

Report ‐ Rev 2 

or any water

n the pressu

elow for the 

Pip

Wal

Fl

Fluid bu

Initi

Pressure at e

Flu

Wave spee

ky Max Pres

Pip

Wal

Fl

Fluid bu

Initi

Pressure at e

Flu

Wave spee

ky Max Pres

WATERHA

WATERHA

Table 2:

r hammer  iss

ure rating of

results of th

pe Diameter

ll Thickness

Pipe YM

uid density

ulk modulus

al flow rate

end of pipe

Static head

Flow rate

uid velocity

ed (celerity)

ssure Surge

pe Diameter

ll Thickness

Pipe YM

uid density

ulk modulus

al flow rate

end of pipe

Static head

Flow rate

uid velocity

ed (celerity)

ssure Surge

AMMER IN 1

AMMER IN 6

: Water hamme

sues.    Initial

f the piping 

e calculation

r 110

s 6.6

M 700

y 1000

s 2050

e 50

e 0

d 10

: 0.0139

: 1.89

) 202.87

e 382.87

3.83

r 63

s 3.8

M 700

y 1000

s 2050

e 14

e 0

d 30

: 0.0039

: 1.61

) 203.40

e 328.14

3.28

10 OD PIPE

63 OD PIPE

er results 

investigatio

and  fittings.

ns. 

0 mm

6 mm

0 MPa

0 kg/m³

0 MN/m²

0 m³/h

0 kPa

0 m

m³/s

m/s

m/s

kPa

bar

mm

8 mm

0 MPa

0 kg/m³

0 MN/m²

4 m³/h

0 kPa

0 m

m³/s

m/s

0 m/s

4 kPa

8 bar

E

E

on  indicated 

.   No  formal

 

 

that  the 

l analysis 



Page 11 o
RHA Tung

2. Shaft

The Clie

The duty

Line Rou

The pipe

approxim

system 

fittings u

tooling t

points.  

Pump In

The sha

integral 

needed,

The pum

back pre

The deliv

  

 

f 27 
gsten ‐ Project I

t Dewatering

nt requested

y identified b

uting 

e to be  insta

mately 60m.

are  to be  lim

used to conn

to install.  A

nformation 

ft dewaterin

level  senso

, the discharg

mp can delive

essure of 15k

vered head a

nfrastructure R

g 

d that a new

by the Client

alled runs fro

.   The pipe s

mited  to 2m

nect to the p

dditional va

ng pump sel

r  to  switch 

ge piping can

er approxim

kPa(g) was s

at the duty p

 

Report ‐ Rev 2 

w shaft dewat

t is approxim

om the botto

selected  is a

m/s.   This can

pump and th

lves and fitti

ected  is a Lo

the pump o

n be routed t

ately 1.42m3

uperimposed

point is 76m.

tering pump

mately 1m3/h

om of the v

a 32 O.D. PN

n yield a  tot

he pipelines 

ings supplied

owara SC211

off at  low  lev

to the storag

3/hr to a stat

d on the syst

.  Refer Figure

p be provided

r.  

ertical shaft

N10 HDPE PE

tal  flow  rate

are compres

d to install in

1 C 01 pump

vel.   The pu

ge dam on si

tic height of 

tem to cater

e 1 for pump 

d to remove 

to adit  leve

E100 pipe.   L

of approxim

ssion fittings

n shaft to do

p. The pump

ump  can del

te to supply 

60m and lin

r for any dam

curve. 

 undergroun

el.   This stati

Line velocitie

mately 3.2m

s requiring n

o duty as ho

p  is supplied

iver  to adit 

 top‐up wate

ne length of 4

mage to the p

 

nd water. 

c head  is 

es  in this 

3/hr.   All 

o special 

ose water 

d with an 

level.    If 

er.  

470m.  A 

pipe line.  



Page 12 o
RHA Tung

 

Potable 

The Clie

I. 

II. 

f 27 
gsten ‐ Project I

Water Plant

nt requested

Process Plan

supply clean

duty in this a

50‐Man Cam

existing hold

nfrastructure R

t and Piping

d that 2 new

nt Area: Syst

n & clear drin

area at any t

mp:  System t

ding tank/s o

 

Report ‐ Rev 2 

Figure 1: Sha

w potable wat

tem  to be co

nking water 

time.   

to be comple

on site. 

aft Dewatering

ter treatmen

omplete wit

to SANS 241

ete to supply

g Pump Curve

nt plants be i

th  treated w

1.  There wil

y clean & cle

installed on s

water holding

l be approxi

ar drinking w

site:  

g  tank and p

mately 40 p

water to SAN

 

 

pumps  to 

eople on 

NS 241 to 



Page 13 o
RHA Tung

Supply  t

supplied

The  pip

approxim

to ensur

compres

piping is

to the e

be insta

Supply t

The pota

existing 

f 27 
gsten ‐ Project I

to  the wate

d by APT. 

e  size  select

mately 3.2m

re  commona

ssion  fittings

s as per the b

electrical cab

lled at all tak

to the water

able water w

raw water ta

nfrastructure R

r  treatment 

ted  is  a  32 

m3/hr which e

ality  in  spare

s  requiring 

blue and gre

bling with tak

ke‐off points

Figure 2:

r treatment p

will need to 

anks will be 

 

Report ‐ Rev 2 

plant  in  the

O.D.  PN10 

exceeds the 

es.   All  fittin

no  special  t

een lines on 

ke‐off points

s to the build

: Proposed Rou

plant at the 

be stored in

isolated and

 

e process p

HDPE  PE100

required flo

ngs used  to 

tools  to  inst

Figure 2.  The

s to the vari

dings. 

uting of Potable

camp will be

n a dedicated

d designated 

lant  area wi

0  pipe.    Thi

w rates.  Th

connect  to 

tall.    Provisi

e installed he

ous users.   2

e Water Piping 

e from the e

d tank ‐ it ha

this function

ill be  from  t

s  can  yield 

is specific siz

the pump a

onal  routing

eaders to be 

25NB ball Iso

Headers. 

existing raw 

as been assu

n. 

the  raw wat

a  total  flow

ze has been 

nd  the pipe

g  of  the  dis

e in a trench 

olation valve

water storag

umed that on

 

ter  tanks 

w  rate  of 

selected 

lines are 

tribution 

adjacent 

es should 

 

ge tanks.  

ne of the 



Page 14 o
RHA Tung

3. EL

Included

 
 
 
 
 
 
 
 
 
 

Exclusion

 
 
 
 
 
 
 

List of de

 

Objective

The elect

1993 as a

 
 
 
 

Equipme

Equipme

 
 
 
 
 
 
 

Battery L

 

f 27 
gsten ‐ Project I

 

LECTRICAL 

 

 in scope of s

Power Plant s

400 Vac Powe

230 Vac Sub D

Low voltage c

Infrastructure

Lighting and s

High‐mast lig

Consumables

Provisional su

Installation cr

ns  

Any harmonic

Power lines o

Earthing surv

Earthing of A

Power supply

Power supplie

Any load flow

eviations 

N/A 

es and Design

trical equipme

amended, late

Provide a safe

Have low ope

Provide a reli

Provide stand

ent Selection C

ent shall be se

Safety for per

Proven techn

Standardised 

Low life cycle

Local technica

Purchased fro

Maintainable

Limits 

See attached 

limits. 

nfrastructure R

upply 

supply and co

er distribution

Distribution b

cables as BOQ

e Earthing as p

small power f

hting as per D

s as per BOQ 

um for miscell

rew to comple

cs or power fa

or any power l

vey by indepen

PT Equipment

y from the pla

es from the p

w study 

n Basis 

ent shall be de

est SA nationa

e working env

erating, maint

able electrica

dardisation to

Criteria 

lected to conf

rsonnel and e

nology 

 with the exis

e cost 

al support 

om reputable 

e 

single drawin

 

Report ‐ Rev 2 

mmissioning 

n boards as pe

oards as per D

Q and as per Si

per Drawings

or the infrastr

Drawings 

laneous consu

ete the scope

actor correctio

ine equipmen

ndent speciali

t 

nt area to the

lant area to a

esigned, engin

al standards a

vironment for

tenance and li

l plant 

 rationalise sp

form to the fo

quipment 

ting equipme

suppliers 

ng number: SP

as per Single 

er Drawings 

Drawings 

ingle Line Diag

ructure as per

umables (nuts

 

on equipment

nt relating to t

ist 

e TSF. 

ny of the pote

neered and m

nd SENET sta

r personnel an

ife cycle costs

pares holding 

ollowing: 

ent on site 

P0578‐9000‐E

Line Diagrams

grams 

r Drawings ‐ 

s, bolts, etc.…

t 

the supply of 

ential raw wat

manufactured t

ndard specific

nd equipment

s 

in stores 

‐SLDG‐04001

s 

) 

grid power 

ter sources. 

to the South A

cations to: 

Revision 00 in

African OHS A

ndicating batt

 

ACT dated 

tery 



Page 15 o
RHA Tung

List of As

 

Power D

 

Electric c

 

CABLE  S

 

Cable rac

 

Earthing 

 
 
 

 

 

Lighting a

 

HIGH  M

 

 
 
 
 

380/220

 

 
 
 
 
 

GENERA

f 27 
gsten ‐ Project I

ssumptions 

The fault leve

istribution Bo

Manufacture

01_06 

cables 

Manufacture

SIZING  AND  

Shall comply 

respectively. 

cking  

None supplie

The earthing 

M12 or M10 

A 16mm2 BC

M10 bolt. 

All fencing sh

‐ M10 or M

BCEW. Se

All PDB and D

and small pow

Shall comply 

ASTS  FOR  F

Where high m

with a maxim

The mast sha

The mast sha

Internal wirin

The high mas

electrics 

0V  WIRING A

Cables used f

steel wire arm

Where 7 core

Red phase ‐ r

Yellow phase

Blue phase ‐ b

Earth – black.

AL  PLUG  OUT

nfrastructure R

el at the Point

oards and Sub

d  in accordan

d in accordan

SELECTION  

with SANS 10

 

d  

system shall c

bolt shall be w

EW dropper f

all be bonded

M12 bolt weld

ee earthing dr

DB’s shall be b

wer   

with SANS: 10

LOODLIGHT

masts are inco

mum height of 

ll be mounted

ll be earthed 

ng shall compl

st structure sh

AND  CABLIN

for lighting ins

moured, term

e cables are us

ed (live) and b

 ‐ white (live) 

blue (live) and

. 

TLETS  

 

Report ‐ Rev 2 

 of Supply wil

b Distribution

nce to SENET 

ce to SENET s

0142 with a m

comply with S

welded to eac

from the meta

d as follows: 

ded onto the 

rawing for bo

bonded via a 7

0142. 

T  SUPPORT  

orporated into

20 metres. 

d on concrete

in accordance

y to SANS 101

hall be equipp

NG  

stallations in n

inated with m

sed the follow

brown (neutra

and orange (n

d grey (neutra

ll be approxim

n Boards  

specification 

specification n

maximum start

SANS: 10313.

ch container fo

allic roof stru

post for bond

nding point.

70mm2 BCEW

o a design the

e bases, which

e SANS 10313

142 

ed with 6 x 40

normal condit

mechanical com

wing colour co

al) 

neutral) 

al) 

mately 17.32 M

no: SP‐SPEC‐

no: SP‐SPEC‐E

ting and runn

or bonding of

cture shall als

ding from the

W from the ma

y shall be of t

h shall be appr

. 

00 watt floodl

tions and tem

mpression gla

oding will be a

MVA at a nom

ELEC‐20_REV 

LEC‐02_REV 0

ing volt drop 

container to 

so be bonded

e main grid to

in earth grid. 

he galvanised

roved by the p

ights complet

peratures sha

ands. 

dopted: 

minal voltage o

V 20 and SP‐SP

06 

limited to 12

main earth gr

d to the welde

o the post via 

d steel, SCISSO

project civil en

te with on‐bo

all be flame re

 

of 400Vac 

PEC‐ELEC‐

% and 5% 

rid 

ed M12 or 

a 70mm2 

OR type 

ngineer. 

ard 

etardant, 



Page 16 o
RHA Tung

 

WELDIN

 

 

 

POWER  

The powe

infrastruc

The prefe

Item 

Infrastruc

Mill 

Start Fac

Total Sta

  

The wors

Item 

Plant Bas

Infrastruc

Mill 

Start Fac

Total Sta

 

See table

Start 
order 

1 

2 

3 

4 

5 

6 

7 

8 

9 

f 27 
gsten ‐ Project I

220V AC 10 A

structures wh

breakers fitte

NG  OUTLETS

Welding outle

welding supp

In general, we

leakage prote

wire plus eart

No more than

A moulded ca

PLANT   

er plant has b

cture loads th

erred start ph

cture Loads 

tor  

rt‐up required

st case starts 

se Load 

cture 

tor  

rt‐up required

e below of the

Equipment D

Rod Mill 

Cone crusher
conveyor 

Cone Crushe

JC Discharge 

Jaw Crusher 

Jig Air Compr

Jig water sup

Jig Tails Wate

Jig Middles W
Pump 

nfrastructure R

A South Africa

here required,

ed with 30 mA

 

ets shall be pr

plies and other

elding outlets

ection device 

th. 

n three outlet

ase circuit bre

been sized in a

hat can be exp

hilosophy sha

Base lo

101 kW

  

  

d    

philosophy: 

Base lo

295 kW

101 kW

  

  

d    

e envisaged in

Description 

r discharge 

r 

conveyor 

ressor 

pply pump 

er Pump 

Water 

 

Report ‐ Rev 2 

n type 3‐pin s

, and supplied

A earth leakag

rovided and d

r power requi

s shall comply 

as required by

ts shall be con

eaker (MCCB) 

accordance to

pected.  

ll be as per th

oad 

W 

oad 

W 

W 

stalled loads 

Installed 
Power (kW)

160 

2.2 

30 

2.2 

30 

55 

11 

18.5 

5.5 

switched sock

d from 220V, 2

ge protection d

distributed in m

irements.  

with SANS 12

y SANS 10142

nnected to any

located in a M

o the informat

he table below

Insta

160 k

3.5

661 k

Insta

160 k

3.5

956 k

of the APT pla

Full Load 
Current (A)

278

4.64

56.2

4.64

56.2

97.1

21.2

35.1

10.5

et outlets sha

2 pole, 20 am

devices, as re

mining and pr

239, and equip

2‐1. Rating sha

y single circuit

MCC. 

tion provided 

w: 

alled power

kW

kW

alled power

kW

kW

ant: 

) 
Voltag
e (V) 

400

400

400

400

400

400

400

400

400

all be provided

pere, 5 kA rat

quired by SAN

rocess plant a

pped with an 

all be 63 A, 40

t, which shall 

by APT and th

Phase
s 

In
n C

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

d in buildings 

ted miniature

NS 10142‐1. 

reas for porta

internal 30mA

00V AC, 3‐pha

be supplied f

he envisaged 

nsulatio
Class 

Sta
Ty

So

DO

VS

DO

So

DO

DO

DO

DO

 

and 

circuit 

able 

A earth 

se, 3‐

rom a 63 

arter 
ype 

oft Start

OL 

SD 

OL 

oft Start

OL 

OL 

OL 

OL 



Page 17 o
RHA Tung

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

 

The powe

The follo

The unit 

01. 

FUEL TAN

1 X 40000

It is a rec

f 27 
gsten ‐ Project I

Jig Concentra
Pump 

Dewatering S

Dewatering S

Dewatering S

1mm Vibratin

Rod Mill Disc
Pump 

Rod mill feed

Final coarse p
conveyor 

Spiral Pump 

Spiral Pump 2

Spiral Pump 3

Plant Tailings

Spiral Concen
Screen 

RG Scrubber 
conveyor 

RG Discharge

RG 200 Scrub

RG Scrubber 
supply pump

RG Scrubber 
conveyor 

Bin Feeder 

General Wat

Wilfley Table

Wilfley Table

Wilfley Table

Plant Lighting

Plant Infrastr

er plant has b

wing generat

‐ Type: 2 X

‐ Alternato

‐ Controlle

‐ Fuel Tank

‐ Full load 

offered come

NKS FOR 7 DA

0 litre above g

commendatio

nfrastructure R

ates Water 

Screen 1 

Screen 2 

Screen 3 

ng Screen 

charge 

d conveyor 

product 

1 

2 

3 

s Pump 

ntrates 

discharge 

e Pump 

bber

water 
p 

feed 

er Pump 

e 1 

e 2 

e 3 

g 

ructure 

been designed

or sets have b

X VOLVO TAD1

ors: 2 X MARE

ers: 2 X DEEP S

k: 2 X 1000 LIT

fuel consump

es complete w

AYS CONTINUO

ground storag

n that RHA m

 

Report ‐ Rev 2 

5.5 

2.2 

2.2 

2.2 

3 

22 

2.2 

2.2 

15 

7.5 

7.5 

22 

2.2 

2.2 

4 

15 

7.5 

2.2 

3 

5.5 

1.5 

1.5 

1.5 

0.75 

220 

d for the worst

been specified

1643GE (536 K

ELLI 680 KVA 2

SEA 8610 

TRE skid moun

ption per set: 

with 2 x 1000 A

OUS OPERATIO

ge tanks comp

ining choses t

10.5

4.64

4.64

4.64

6.17

40.5

4.64

4.64

28.7

14.1

14.1

40.5

4.64

4.64

8.12

28.7

14.1

4.64

6.17

10.5

3.26

3.26

3.26

3.125

373

t‐case scenar

d: 

KWm @ 1500

230 /400 VAC 

nt day tank 

117 L/hr per e

Amps MCB an

ON AT FULL LO

plete with 10 

the option on 

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

240

400

io of 996 kW o

0 RPM PRIME)

50 HZ @ 1500

engine   

d 1 x 2000 Am

OAD – 31,920

meter flexible

the quote wh

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

3 H 

1   

3  

or 1195 kVA.  

  

0 RPM 

mp outgoing M

0 litres. 

e supply lines 

hich is sound a

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

DO

 FD

FD

MCB to the pla

for each gene

attenuated. 

 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

OL 

DR

DR 

ant PDB‐

erator 



Page 18 o
RHA Tung

 

The oper

1. 
2. 
3. 
4. 
5. 

Starting p

1. 

INSTALL

 

SENET ha

Client wi

skilled sit

indicates

Skills Lev

Electrical

Artisan 

Skilled 

Unskilled

 

Trenchin

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 

All other 

African O

The respo

f 27 
gsten ‐ Project I

rating philoso

Both generat

Infrastructure

Ball Mill start

Balance of pla

The generato

and up to full

consumption

operating loa

philosophy, as

This has been

start‐up.   

 

The prelimina

sizing can be 

LATION    

as not sent the

ll employ his o

te supervisor.

s manpower re

vel 

l Supervisor  

d  

g philosophy 

Open trench 

100mm bedd

Install cables 

Cover cable w

Install electric

Close trench w

If backfill mat

could possibly

Once trench i

installations i

OHS ACT, SANS

onsible electr

nfrastructure R

phy is as follo

ors are requir

e loads switch

t‐up 

ant equipmen

or shall be con

l speed.  In es

.  This feature

ads have been

ssuming mill n

n assumed to 

ary drive lists 

reviewed onc

e BOQ out for

own team of a

  The envisage

equirements f

MP Mont

1

2

10 

with TLB ‐ 600

ding sand at th

with 50mm be

cal danger tap

with bedding 

terial is used s

y damage the

is closed this s

i.e. terminatio

S 10142 and g

rical superviso

 

Report ‐ Rev 2 

ws during Init

red to running

hed on 

nt start‐up 

nfigured in suc

sence we only

e is load depen

 confirmed. 

needs to be re

require manu

from APT curr

ce the absorbe

r costing to an

artisans, skille

ed time durat

for the 4mont

h 1  MP

1

2

3

10

0mm wide x 6

he bottom of t

edding sand  

pe  

sand or back 

site superviso

e cables 

shall be comp

ons, glanding,

good engineer

or shall be resp

tial start‐up:

g and at full sp

ch a manner t

y one generat

ndant and sha

estarted while

ual interventio

rently only ind

ed loads have

n independen

ed and unskill

tion for this in

ths duration:

P Month 2

600mm deep.

the trench  

fill material 

r shall ensure

pacted either m

 installation o

ring practice.

ponsible for c

peed 

hat it shall loa

tor set should

all be defined 

e the balance 

on to ensure b

dicate installe

e been confirm

t installation c

ed labourers 

stallation sha

MP Mo

1

2

3

4

e that this doe

mechanically 

of DB, earthing

capturing all A

ad shed once t

be operating

by the vendo

of the plant is

both generato

ed power, hen

med.  

contractor as 

under the sup

ll be  	 4mon

onth 3

es contain larg

or by hand  

g, lighting sha

AS‐BUILT draw

the plant is o

g thus reducin

or once actual

s still operatin

ors are used fo

nce the genera

it is envisage

pervision of su

nths. Table be

MP Month

1 

2 

2 

2 

ge rocks or bo

all comply with

wings. 

 

perating 

g fuel 

 

ng: 

or initial 

ator 

d that the 

uitably 

low 

h 4

lder that 

h South 



Page 19 o
RHA Tung

List of ap

Descripti

PDB ‐ 01 

PDB‐02 

Typical C

Laborato

Lighting a

Electrical

Earthing 

Earthing 

Priced BO

SP‐SPEC‐

SP‐SPEC‐

SP‐SPEC‐

 

 

4. EA

EARTHW

BILLS  O

IN  ACCO

These bil

EARTHW

 

Introduc

The purp

the scope

This desig

 

Earthwo

Design P

In the ab

the proce

The proc

The defin

M LAYT 0

and fill re

geotechn

f 27 
gsten ‐ Project I

ppendices: 

ion 

Container DB 

ory DB 

and small pow

l reticulation 

layout  

standard deta

OQ  

‐ELEC‐20 

‐ELEC‐01 

‐ELEC‐02  

 

ARTHWOR

WORKS  AN

F  QUANTIT

ORDANCE  W

ls have been 

WORKS  AN

ction 

pose of this de

e of work for 

gn criterion sh

orks 

Philosophy 

bsence of a de

ess plant and 

ess plant and 

ned terrace le

00 100 (OJ)).  

equired to con

nical informat

nfrastructure R

wer layout 

ails 

KS  & CIVIL

ND  CIVILS  C

IES   FOR   TH

WITH  THE  RE

submitted to 

ND  CIVIL  DE

esign criterion

the RHA Tung

hould be read

fined geotech

infrastructure

 infrastructur

vels required 

Digital terrain

nstruct the te

ion. 

 

Report ‐ Rev 2 

Specifica

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

Price Bill 

Lighting a

Large Dis

Low volta

S  

CONTRACTI

E   EARTHWO

LEVANT  SAN

a Zimbabwea

ESIGN  CRIT

n is to define 

gsten Mine Co

d in conjunctio

hnical report, 

e area. 

e layouts wer

were dictated

n modelling ca

rraces.  A furt

ation Number

9000‐E‐SLDG‐

9000‐E‐SLDG‐

9000‐E‐SLDG‐

9000‐E‐SLDG‐

9000‐E‐LAYT‐2

9000‐E‐RECT‐0

9000‐E‐SLDG‐

9000‐E‐SLDG‐

of Material

and Distributi

stribution boa

age cables 

ING  PHILOS

ORKS   AND   C

NS  1200  COD

an contractor 

TERIA 

the standard

ost Estimate.

on with other 

assumptions 

re superimpos

d by the mech

alled SurfMate

ther one mete

r

04 001 SHT 01

04 002 SHT 01

04 003 SHT 01

04 004 SHT 01

23 001 SHT 01

02 001 SHT 01

04 001 SHT 01

04 001 SHT 01

on boards 

ards 

SOPHY 

CONCRETE  W

DES.  

for pricing. 

s, codes and s

relevant proj

were made re

sed on the sur

hanical layout

e software wa

er depth of cu

Rev

1 00 

1 & 02 00 

1 00 

1 00 

1 00 

1 00 

1 00 

1 00 

00 

20 

06 

06 

WORKS  HAV

specifications

ect procedure

egarding the f

rvey data supp

t (as shown on

as used to calc

t was assume

vision Numbe

VE   BEEN  DRA

s for the civil d

es and specific

founding cond

plied by the C

n drawing SP0

culate quantit

ed due to the 

 

er  

AWN  UP  

designs in 

cations. 

ditions for 

Client.  

0578 1000 

ties of cut 

lack of 



Page 20 o
RHA Tung

It has bee

utilised fo

borrow p

CONCR

Design P

In‐depth 

supporte

equipme

have bee

due to sp

GOVER

Reinforce

retaining

The lates

minimum

In the ab

governin

 

 

 

 

SOUTH

 

 

 

 

 

 

 

 

 

 

 

 

f 27 
gsten ‐ Project I

en assumed t

or backfill.  Th

pit.  

ETE  WORK

Philosophy 

discussions w

ed.  APT advise

ent.  APT advis

en costed for t

pillages. 

NING  COD

ed Concrete d

g structures. S

st edition of th

m requiremen

bsence of an a

g code. The fo

National Build

Mine Health a

Explosives Ac

Occupational

 AFRICAN  B

SANS 10100  

SANS 1200   

SANS 10109  

SANS 471   

SANS 527   

SANS 676   

SANS 718    

SANS 878   

SANS 10160  

SANS 920   

SANS 986   

SANS677   

nfrastructure R

hat 70% of th

he remainder 

KS  

were held with

ed that their r

sed that the m

the three plan

ES,  STANDA

designs shall c

tructures are 

he applicable 

t for design, m

pplicable Sou

ollowing Regu

ding Regulatio

and Safety Ac

cts and Regula

 Health and S

BUREAU  OF

The struc

Civil Engi

Floor Fin

Portland 

Concrete

Reinforce

Aggregat

Ready M

Basis of s

Steel Bar

Pre‐cast 

Concrete

 

Report ‐ Rev 2 

e cut materia

of the materi

h APT to ensu

requirement w

mill will be sup

nt areas, with 

ARDS  AND

onform to SA

to be designe

South Africa S

materials and 

th African Sta

ulations shall a

ons 

t – Act 29 of 1

ations 

afety Act 83 o

F  STANDAR

ctural design o

ineering Cons

ishes for Conc

cement and R

e Building Bloc

e Concrete Pr

tes for Concre

ix Concrete 

structural Des

rs for Concrete

Concrete Rein

e Non‐pressur

l will be spoile

ial (G5/G6 qua

re that their p

was for concre

pported off th

the upper ter

 REGULATI

ANS 10100 for 

ed for a minim

Standards and

construction 

andard, the Br

apply: 

1996 and Reg

of 1993 

RDS  FOR  CO

of concrete 

struction 

crete 

Rapid‐Harden

cks 

ressure Pipes

ete 

sign and Actio

e Reinforcem

nforcement 

re pipes 

ed and 30% o

ality) will need

process plant 

ete slabs to be

e slab.  200m

rrace being bu

IONS 

general struc

mum life span 

d National Bui

unless otherw

ritish Standard

ulations 

ONCRETE  S

ning Portland C

ons for Buildin

ent 

f the material

d to be source

equipment w

e cast to supp

m thick reinfo

unded to mitig

tures and BS 8

of 25 years.   

ilding Regulat

wise noted in t

d Code of Prac

HALL  BE  AS

Cement 

gs and Indust

l could possib

ed from an ide

was adequately

port their skid

orced concret

gate loss of so

8007 for wate

tions shall esta

the Design Cr

ctice shall be 

S  FOLLOWS

trial Structure

 

bly be 

entified 

y 

 mounted 

e slabs 

olution 

er 

ablish the 

riteria. 

the 

S:  

s 



Page 21 o
RHA Tung

 

 

 

CONCR

Structura

grade an

REINFO

Reinforci

Holding d

CONCR

All floors

ALLOW

150  kpa 

founding

 

 

 

5. EX

Any item

the avoid

 
 
 
 
 
 
 

6. SC

Proposed

 

f 27 
gsten ‐ Project I

SANS 559   

AWWA D100 

COLTO 5100 

ETE  STREN

al concrete sh

d elevated sla

ORCING  STE

ing steel shall 

down bolts sh

ETE  FINISH

s shall receive 

WABLE  BEAR

bearing  pres

g surfaces sha

 

XCLUSIONS

ms not specific

dance of doub

All Mining En

Tailings dam 

Process Engin

Environmenta

Insurances (in

All costs for d

All and any re

 

CHEDULE 

d implementa

nfrastructure R

Verified C

Steel tan

NGTH 

all have a min

abs.  10mpa co

EEL 

conform to S

hall be Black B

H 

a wood float 

RING  PRESS

ssures  have  b

ll be approved

S  

ally mentione

bt, the followi

gineering; 

design service

neering Requi

al and Social I

ncluding Profe

disbursements

elevant Taxes;

ation schedule

 

Report ‐ Rev 2 

Clay Sewer Pi

ks, Stand Pipe

Segmented c

nimum compr

oncrete stren

ANS 920 – 19

olts conformi

finish unless o

SURES 

been  assumed

d by the respo

ed as being pa

ng shall be de

es; 

rements (all a

mpact Assess

essional Indem

s; 

; 

e provided as a

 

pes and Fittin

es, Reservoirs

oncrete block

ressive streng

gth shall be u

985 as amende

ing to SANS 15

otherwise not

d,  as  no  geot

onsible Engine

art of the scop

eemed to be s

aspects); 

sments; 

mnity Insuran

an appendix.

ngs 

s and Elevated

k paving 

th of 25 MPa 

used for mass 

ed. 

53. 

ted. 

technical  rep

eer prior to po

pe of works, sh

specifically exc

ce); 

d Tanks – for w

at 28 days for

fill and blindin

ort was mad

ouring concret

hall be deeme

cluded: 

water storage

r Foundations

ng only.  

e  available.   

ete. 

ed to be exclu

 

 

s, slabs on 

Prepared 

ded.  For 



Page 22 o
RHA Tung

 

7. CO

7.1 

 

7.2 

 

 

f 27 
gsten ‐ Project I

 

OST  ESTIM

INFRASTRUCT

SUB‐TOTAL: 

 *** EXCL. TR

WATER 

SUB‐TOTAL: 

 *** EXCL. TR

nfrastructure R

MATES  

TURE 

USD 277

RANSPORT CO

USD 92,1

RANSPORT CO

 

Report ‐ Rev 2 

,703.69    (Exc

OSTS*** 

197.01  

OSTS*** 

 

cl. Contingenccy)   

 

 

 



Page 23 o
RHA Tung

7.3 

 

 

7.4 

7.5 

 

ITEM 

1 

2 

3 

4 

 

 

 

 

 

f 27 
gsten ‐ Project I

ELECTRICAL 

SUB‐TOTAL: 

  *** EXCL. TR

EARTHWORK

SUB‐TOTAL: 

*** PRICES P

MISCELLANEO

DESCRIPTIO

VSAT Comm

Fire Extingu

Radio Comm

Provision fo

 

 

SUB‐TOTAL: 

  *** EXCL. TR

nfrastructure R

 

USD 390

RANSPORT CO

KS & CIVILS 

USD 680

ROVIDED BY J

OUS 

ON 

munications & 

ishers (20 Off 

munication Sys

r site cranage

USD 73,1

RANSPORT CO

 

Report ‐ Rev 2 

,089.92 

OSTS*** 

,822.67 

JRG *** 

Local Networ

5kg CO2)

stem  

e (lump sum)

127 

OSTS*** 

 

Miscella

PRICE

rk R 137

R 11,

R 156

R 500

neous

E (Rands)

7,000

000

6395

0,000

PRI

US

US

US

US

TOTAL: US

ICE (USD) 

D 12,455 

D  1,000 

D 14,218 

D 45,454 

D 73,127 

 

 

 



Page 24 o
RHA Tung

7.6 

 

COST EST

Item 
1  I

2  W

3  E

4  E

5  M

 

6  S

 

7  C

 

 

 

8. A

 
Appendix

Appendix

Appendix

Appendix

Appendix

List of ele

Descripti

PDB ‐ 01 

PDB‐02 

Typical C

Laborato

f 27 
gsten ‐ Project I

SENET ENGIN

TIMATE SUMM

INFRASTRUCT

WATER 

ELECTRICAL 

EARTHWORKS

MISCELLANEO

SENET ENGIN

CONTINGENC

PPENDICES

x 1:  Prop

x 2:  Prop

x 3:  Impl

x 4:  Wat

x 5:    Elect

ectrical appen

ion 

Container DB 

ory DB 

nfrastructure R

NEERING & CO

MARY 

Desc
TURE

S & CIVILS 

OUS

EERING & CO

Y (10%) 

S  

posed Site Pla

posed Pipeline

lementation S

er Balance 

trical Docume

ndices: 

 

Report ‐ Rev 2 

ONSTRUCTION

cription 

NSTRUCTION 

n / Plant Layo

e Routes and S

Schedule 

ents 

Specifica

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

N MANAGEM

Sub To

MANAGEMEN

Sub To

TOT

out – SP0578‐1

Sections – SP0

ation Number

9000‐E‐SLDG‐

9000‐E‐SLDG‐

9000‐E‐SLDG‐

9000‐E‐SLDG‐

ENT 

Estim
US

US

US

US

US

tal: USD

NT US

tal: USD

US

TAL: USD

1000‐M‐LAYT

0578‐1000‐M

r

04 001 SHT 01

04 002 SHT 01

04 003 SHT 01

04 004 SHT 01

mated Cost 
D 277,704

SD 92,197

D 390,090

D 680,822

SD 73,127

D 1,513,940

D 493,762

D 2,007,702 

D 200,770

D 2,208,472 

‐100‐OK 

‐LAYT‐101‐OA

Rev

1 00 

1 & 02 00 

1 00 

1 00 

No
Excl. Tr

Excl. Tr

Excl. Tr

Local Co

Excl. Tr

Incl. Loca

Exclud
Disburs

Excl. Con

As per P

A 

vision Numbe

 

 

otes 
ansport

ansport

ansport

ontractor

ansport

al Labour

des All 
sements 

ntingency

Premier

 

er  



Page 25 o
RHA Tung

Lighting a

Electrical

Earthing 

Earthing 

SP‐SPEC‐

SP‐SPEC‐

SP‐SPEC‐

 

 

9. CO

9.1. CO

It must b

workable

cost estim

approach

 

9.2. P

Premier A

proposal 

into any 

9.3. EX

The follo

until con

 
 
 

 
 
 

 
 
 
 
 
 
 
 

f 27 
gsten ‐ Project I

and small pow

l reticulation 

layout  

standard deta

‐ELEC‐20 

‐ELEC‐01 

‐ELEC‐02  

OMMERCIA

OSTS   

be noted that 

e budget to b

mates has be

h. 

ROCUREME

African Miner

 on their beh

agreement.  

XCLUSIONS

wing list is no

firmed by SEN

All transport

Local Duties

All  disburse

Zimbabwean

Cost of Land

Obtaining of

Costs  assoc

Zimbabwe. 

Any and all t

Project finan

Escalation (p

Rate of Exch

Forward Cov

Contingency

Construction

Cranage – a 

nfrastructure R

wer layout 

ails 

AL  TERMS  

all costs indic

e  jointly man

een provided 

ENT  

rals have requ

alf.  Details o

S  

ot exhaustive, 

NET in writing

tation of equ

s relating to t

ements  –  in

n personnel,

d 

f any public p

ciated  with 

taxes (includ

ncing and de

proposal is b

hange fluctua

ver 

y provision (1

n utilities, su

cost provisio

 

Report ‐ Rev 2 

SP0578‐9

SP0578‐9

SP0578‐9

SP0578‐9

Lighting a

Large Dis

Low volta

cated above h

naged with SE

to Premier A

uested that SE

f procuremen

and if not spe

: 

uipment/mat

transportatio

ncluding,  bu

 all messing 

permits or lic

SENET  esta

ing employe

evelopment c

ased on 201

ations  

10% propose

uch as water 

on of USD 45

9000‐E‐LAYT‐2

9000‐E‐RECT‐0

9000‐E‐SLDG‐

9000‐E‐SLDG‐

and Distributi

stribution boa

age cables 

have been com

ENET (‘EPCM’ 

African Minera

ENET manage 

nt arrangemen

 

ecifically inclu

terials to site

on 

ut  not  limit

costs and or

censes 

ablishing  an

ee taxes) and

costs 

15 rates) 

ed by Premie

and constru

5,455 has be

23 001 SHT 01

02 001 SHT 01

04 001 SHT 01

04 001 SHT 01

on boards 

ards 

mpiled to prov

principles).   T

als  to enable 

the procurem

nts are to be 

uded in this pr

e 

ed  to:  airfa

r allowances

d  operating

d duties outs

er African Mi

ction power

en included 

1 00 

1 00 

1 00 

1 00 

20 

06 

06 

vide Premier A

The detailed b

this  ‘open‐bo

ment of the ma

agreed prior 

oposal it shal

ares,  road  t

. 

g  a  register

ide of South

nerals) 

 

in the estim

African Miner

build‐up of al

ook’ cost man

aterials includ

to the parties

l be assumed 

travel  for  S

red  compan

h Africa.  

ate 

 

rals with a 

l of these 

nagement 

ded in this 

s entering 

excluded 

SENET  or 

y  within 



Page 26 o
RHA Tung

 
 
 
 
 

 
 
 

 

9.4. TE

The  follo

Premier A

 
 
 
 

9.5. V

All costs 

 

SENET w

payment

such with

Minerals

result  in 

was requ

9.6. D

SENET ha

related to

to pay fo

 

 

 

f 27 
gsten ‐ Project I

All costs rela

Legal assista

Government

All access pe

Costs relatin

provision of 

Costs of site

Project Insu

Supply  of  s

material ava

Medical faci

ERMS  OF  P

owing  terms 

African Miner

15% upfr

The rema

100% of 

All paym

AT  AND  TA

presented by 

will charge valu

ts must be pai

hholding or d

 will be autom

the receipt b

uired to be wit

ISBURSEM

as currently e

o transportat

or any costs as

Travel by Roa

o 

Accommodat

o 

Air Travel  

o 

nfrastructure R

ating to site v

ance 

t assistance 

ermissions a

ng to geotec

USD 5,583 h

e security dur

rances (e.g. 

uitable  soil 

ailable) 

lities and se

AYMENT 

of  payment  a

rals are curren

ront payment

ainder of the 

each invoice a

ents will be in

AXES 

SENET are ex

ue added tax 

id by Premier 

eduction is re

matically incre

by SENET of a

thheld or ded

ENTS 

excluded all c

ion, meals an

ssociated with

ad within Sout

All  travel  co

USD0.40 per 

tion and Meal

Should the n

during site vis

SENET would

African Mine

 

Report ‐ Rev 2 

visits by ven

nd permits 

hnical and/o

has been incl

ring the cons

Public Liabili

material  re

rvices 

are  provision

ntly in discuss

, which will be

amount will b

amount to be

n United State

xclusive of all 

on the invoic

African Mine

equired by law

eased to an a

an amount eq

ucted. 

costs  for disbu

d accommoda

h disbursemen

th Africa by Ho

sts  by  SENET

kilometer. 

s during visits

eed arise for 

sits, such cost

 be invoicing 

rals at actual c

dors or any p

or any other

luded for ini

struction per

ity, Workma

equired  for  g

 

ally  proposed

ions regarding

e offset again

be invoiced ba

e paid 30 days 

es Dollars (USD

relevant taxes

ced values if a

erals without a

w. Where this

amount which

qual to the am

ursements  fro

ation as is nec

nts, the follow

ome Office: 

T  employees 

s to site (if req

SENET to pro

ts shall be levi

all air travel a

cost. 

parties othe

site surveys

tial investiga

riod 

n’s Compens

ground  imp

d,  however  it

g amending th

st progress pa

ased on month

from date of 

D). 

s.  

and when app

any withholdi

s is the case, 

h (after such w

mount which 

om  this propo

cessary for th

wing shall appl

within  South

quired) 

ovide accomm

ied at the actu

associated wi

r than the SE

s, investigatio

ations only) 

sation, PI) 

rovements  (

t  should  be  n

hese: 

ayments.  

hly progress p

invoicing. 

plicable, at the

ng or deducti

the amount d

withholding or

would have b

osal. The clie

e project. Sho

ly: 

h  Africa  shall

modation and 

ual cost. 

th site visits (

ENET employ

ons and test

(Client  to m

noted  that  S

payments. 

e applicable r

ion of any tax

due by Premie

r deduction o

been received

nt shall cove

ould SENET be

l  be  levied  a

/ or meals fo

(if required) t

 

yees  

t work (a 

make  this 

ENET  and 

rate(s). All 

es, unless 

er African 

of tax) will 

d  if no tax 

r all costs 

e required 

at  cost  of 

or  its staff 

o Premier 



Page 27 o
RHA Tung

9.7. V

This offe

9.8. TE

Should P

being exe

incurred 

of service

9.9. CO

SENET  ca

contract.

9.10. CO

Copyrigh

part of  t

SENET. N

reproduc

prior writ

9.11. LA

The work

We  trust

wish to d

to hearin

Kind Reg

 

 

..............

Trevor Yo

Project M

 

 

 

 

                

..............

John Nai

Commerc

 

f 27 
gsten ‐ Project I

ALIDITY 

r is open to ac

ERMINATIO

remier Africa

ecuted, Prem

by SENET (in

es, plus an ad

ONSEQUEN

annot  be  hel

. 

OPYRIGHT 

t  in all docum

he  tender, pr

None of the d

ced or transm

tten consent o

AW 

k associated w

t  that you wil

discuss our off

ng from you so

ards; 

......................

oung   

Manager   

                        

......................

smith   

cial & Busines

nfrastructure R

cceptance for

ON  

n Minerals pr

mier African M

cluding costs 

ditional Cance

NTIAL DAM

ld  liable  for 

ments, drawin

roposal or  su

ocuments, dr

mitted  in any f

of SENET. 

with this study

ll  find our pro

fer further, pl

oon. 

.................. 

                       

................. 

ss Developme

 

Report ‐ Rev 2 

 a period of 3

rematurely te

Minerals shall b

of sub‐consu

ellation/Term

AGES 

any  conseque

ngs and  recor

bmission and

awings or rec

form or by an

y would be go

oposal accept

lease contact 

 

 

 

 

 

nt Director

0 days from t

rminate the s

be required t

ultants) up to 

mination Penal

ential  damag

rds whether m

d any  subsequ

cords may be 

ny means wha

overned by So

table. Should 

any of the un

he date of iss

services of SE

to pay for all 

the day of fo

ty of 15% of t

es  or  losses 

manually or e

uent  report o

used or appli

atsoever for o

uth African La

you  require 

ndersigned on

  .......

  Darr

  Gen

  .......

   Hug

Ma

ue.  

NET during th

the professio

rmal notificat

he total contr

of  any  natur

electronically 

or project doc

ied in any ma

or to any othe

aw. 

additional  inf

n +27 11 409‐1

 

......................

ren Naylor 

eral Manager

 

......................

go Swart 

naging Directo

he period the 

onal time and 

tion of the te

ract value.    

re  whatsoeve

produced, w

cument  shall 

anner, nor ma

er person, wi

formation ho

1300. We loo

......................

r: Commercial

......................

or 

 

project is 

expenses 

rmination 

er  on  this 

hich  form 

vest with 

ay they be 

thout the 

wever, or 

k forward 

. 

l 

...   



Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 6 Groundwater study 
  



 

 

 

 
 

200 Samora Machel Ave, Eastlea 
GROUNDWATER P. O Box 1070 

HARARE, ZIMBABWE 
DEVELOPMENT Tel: 0773407380 
CONSULTANTS (Pvt) Ltd Cell: 0772688347/0772305808 

Email: gwdc@africaonline.co.zw 

1  



i 

TABLE OF CONTENTS 
 

 

Page No 
 

1.0 INTRODUCTION 1 

2.0 PUMPING TEST METHODOLOGY 3 
2.1 Equipment 3 
2.2      Field Procedures 3 
2.3 Supervision of the Pumping Test Programme 4 

3.0 RESULTS OF PUMPING TESTS 4 
 3.1 INTRODUCTION 4 

3.2 RESULTS 6 
 3.2.1  RHA Mine BH 1 (East) 6 
 3.2.2  RHA Mine BH 2 (West) 7 

3.2.3  RHA Mine BH 3 (Centre)        7 
3.3.4  Nyantue BH 8 
3.3.5  Lukosi Well 1 8 
3.3.6  Lukosi Well 2  9 
 

4.0 CONCLUSION AND RECOMMENDATIONS 10 
4.1 CONCLUSION 10 
4.2 RECOMMENDATIONS 

 
 

 



Page | 1  
   

1.0     INTRODUCTION 
 
Groundwater Development Consultants (GWDC) were engaged by RHA Tungsten to carry out 
groundwater investigations to ascertain the sustained availability of groundwater for proposed mining 
operations at RHA Mine in Hwange District. The water requirements for the mine operations, including 
domestic uses, are estimated to be in the region of 25 and 50 m3/hour. Because of the scarcity of the 
surface water resources in this semi-arid region of Zimbabwe, RHA have been exploring the 
possibilities of exploiting groundwater resources for the mine’s water supplies. In this respect 
groundwater investigations were therefore recommended in order to evaluate the groundwater 
potential in the mine claim and surrounding area and subsequently identify potential aquifers that 
could be exploited for the mine water supplies. 
 
It is against the foregoing background that a pumping test programme for existing boreholes/wells was 
initiated as part of the overall groundwater investigation work. The main objectives of the pumping test 
programme included; 
   
 To evaluate the productivity of boreholes/wells in the vicinity of the mine and to assess their 

capacity to adequately supply water for mining operations. 
 

 

 To assess the performance of the various water-bearing lithologies in the vicinity of the mine and 
provide the basis for selection of potential areas for further investigations should additional supplies 
be required from the groundwater resources. 

 
The pumping test programme initially included the testing of four boreholes, while the testing of two 
large diameter wells was added to the programme at a later stage. The pumping test of the four 
boreholes was undertaken during the period between 29 October and 3 November 2014, while the two 
additional wells (large diameter) were pump tested between 12 and 16 to November 2014. The location 
details for the pump tested boreholes and wells are presented in Table 1.1, while Figure 1.1 shows the 
location of these boreholes/wells on a map. 
 

Name of 
Borehole/Well 

Coordinates Location Details Functional Status Date Pump 
Tested X Y 

RHA Mine BH1 
460795 7953264 

RHA Claim on stream bed-
extreme east 

Abandoned – not 
installed with a pump 

30/10/2014 

RHA Mine BH2 
460691 7953086 

RHA Claim stream 
bed- extreme west 

Abandoned – not 
installed with a pump 

31/10/2014 

RHA Mine BH3 
460740 7953093 

RHA Claim along 
stream between BH1 & 

Functional –
currently supplying 

01/11/2014 

Nyantue BH 
464362 7948652 

Near Nyantue Siding Abandoned – not 
installed with a pump 

02/11/2014 

Lukosi Well1 
446521 7955418 

Near Lukosi Siding Abandoned – not 
installed with a pump 

13/11/2014 
14/11/2014 

Lukosi Well2 
447213 7956166 

Lukosi River 
bank, below dam 

Abandoned – not 
installed with a pump 

15/11/2014 
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FIGURE 1.1: Configuration of existing Boreholes 

 

2.0 PUMPING TEST METHODS 
 
2.1 Equipment 
 
The equipment for the pumping test comprised a diesel generator and wide range electrical submersible 
pumps with maximum pump outputs between 1.0 and 3.0 l/sec. The raising main that were used with 
the pumps consisted of 50 mm polythene pipe which are generally flexible and allow easy installation 
and withdrawal. For the measurement of the water level, an electrical dip meter that is calibrated 
in centimetres and with a light bulb which lights up when water level is reached, was used. 
 
2.2 Field Procedures 
 
Immediately prior to the commencement of the test the static water level in the pumped borehole was 
measured. The test itself started when the pump was first switched on and this was recorded as time- 
zero of the test. During pumping the discharge rate was frequently measured so as to ensure that it is 
kept constant for each phase of step drawdown test or throughout the constant discharge test thereafter. 
To determine the discharge rate, the time required to fill a 20 litres container was observed. This 
method was found to be simple and fairly accurate. 
 
During pumping test water levels were monitored in the pumped borehole. The water level changes 
(drawdown) were measured by an electrical dip-meter. For both the step drawdown and constant 
discharge test, the drawdown in the pumped borehole was recorded on a standard form with pre- 
determined time intervals. 
 

The water delivered by the borehole was conducted by pipes and discharged at a distance of about 50- 
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100m from the test-site. This prevented the water from infiltrating back into the aquifer during the 
period of the test. 
 
Upon completion of the constant discharge test, marked by the switching off of the pump, the rise of 
water level in the pumped borehole was monitored. This phase is commonly referred to as 
recovery test. The water level changes in the borehole were similarly recorded on a standard form with 
pre-determined time intervals. 
 
The pumping test data was analysed by curve matching techniques using AquiferTest Pro (Version 
2011.1) Software package, a product of Schlumberger Water Services, Waterloo, Ontario, Canada. 
 
2.3 Supervision of the Pumping Test Programme 
 
The test pumping of each borehole/well was planned, organized and undertaken under the supervision 
of a qualified hydrogeologist (supervisor). During the planning stages of the test pumping it was the 
responsibility of the supervisor to make decisions as to: 
 
(i) The depth to pump sanction. 
(ii) The size of pump to be used for test pumping 
(iii) The discharge rate 
 
Further responsibilities of the Supervisor included ensuring that the drawdown and recovery data 
were collected accurately and properly recorded on standard schedules. 

 

3.0 RESULTS OF PUMPING TESTS 
 
3.1 Introduction 
 
A total of four boreholes and two large diameter wells were pump tested. In the absence of the drilling 
records, it has not been possible to obtain all the relevant borehole construction details with respect to 
borehole/well geometry and the aquifer properties, such as the length of the screen, drilled diameter, 
aquifer thickness etc. Basic borehole/well information that could be obtained on site through 
observation and measurements are presented in Table 3.1, while Figure 3.1 and 3.2 depicts the various 
lithologies where each of the boreholes was drilled respectively. The pumping test results for each 
borehole are discussed in the following sections. 
 

TABLE 3.1 – Basic Information on the Pump Tested Boreholes and wells 
 

Name Depth 
(m) 

SWL 
(m) 

Casing Type Casing 
Diameter 

Geology (lithological unit 
possibly tapped by borehole) 

RHA Mine BH 1 48 17.24 Steel 150 mm Basement mica schist and pegmatite 

RHA Mine BH 2 47 24 Steel 150 mm Basement mica schist and pegmatite 

RHA Mine BH 3 100 25.18 PVC/Steel 150 mm Basement mica schist and pegmatite 

Nyantue BH 95 34.1 Steel 150 mm Basement gneisses and schists 

Lukosi Well 1 28.1 5.55 Concrete lining 2000 mm Escarpment Grit, Upper Karroo 

Lukosi Well 2 12.68 2.75 Concrete lining 1200 mm Escarpment Grit, Upper Karroo 
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FIGURE 3.1 – Map Depicting Lithological Units Possibly Penetrated by the Boreholes in the Vicinity of Mine 
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FIGURE 3.2 – Map Depicting Lithological Units Possibly Penetrated by the Wells and Boreholes in the Lukosi Siding Region 
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3.2 Results 
 
Hydraulic parameters from pumping tests as well as the yield during tests are summarised in Table 3.2, 
whilst the graphical plots and pumping test results are presented in Appendix 1. 
 
TABLE 3.2 - Summary of Results of Pumping Tests. 
 

Borehole Static 
Water 
Level (m) 

Yield 
During Test 
(l/sec) 

Test 
Duration 
(hr) 

Drawdown 
(m) 

Transmissivity –[T] 

T-Pumping 
(m2/day) 

T-Recovery 
(m2/day) 

T-Ave 
(m2/day) 

RHA Mine BH 1 17.24 0.5 0.5 28.77 0.198 0.119 0.159 

RHA Mie BH 2 24 0.271 0.333 19.4 0.137 3.33** 0.137 

RHA Mine BH3 25.18 0.235 3 32.62 0.151 0.135 0.143 

Nyantue BH 34.1 0.266 3.5 37.6 0.137 0.205 0.171 

Lukosi Well 1 5.55 2.75 8 5.4 21.8 - 21.8 

Lukosi Well 2 2.75 2.7 5.5 9.8 4 - 4 

**Result unreliable – has not been used 
 

 
3.2.1 RHA Mine BH 1 (West) 
 

 Discussion of Results 
 

Borehole likely penetrates the Basement rocks comprising mica schists and pegmatites and the static 
water level is at 17.24 metres below ground surface. Groundwater occurrence is possibly controlled by 
weathering and fracturing of the basement rock. While this borehole had been abandoned for quite a 
long time before the test, there is evidence that it was once installed with a motorized pump to supply 
water to the mine.   
 

The borehole was pumped at a constant pumping rate of 0.5 l/sec and produced a drawdown of 28.77 
metres after only 30 minutes. Apparently the borehole had dried up as the water level had reached the 
pump inlet during this period. A three hour recovery was undertaken resulting in a residual drawdown 
of 8.86 metres which could be an indication of poor permeation properties.  
 
The pumping drawdown data was analysed by Theis method and the results gave a low value for 
transmissivity of 0.198 m2/day which is consistent with a very low yielding borehole. Theis Recovery 
method was used to analyse the recovery data and the resulting low transmissivity value of 0.119 m2/day 
accords quite well with results from the pumping phase.  
 
 Conclusion 
 
Given that the borehole rapidly dried up on being pumped at only 0.5 l/sec, it is deemed poor yielding. 
This borehole is unlikely to sustain long pumping periods, even at reduced pumping rates, around 0.25 
l/sec. Therefore the borehole may not be worth considering for any sizable water supply, more so for a 
large water supply of the magnitude proposed for the mine. 
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3.2.2  RHA Mine BH 2 (West) 
 
 Discussion of Results 
 
The borehole was probably drilled through Basement rocks consisting of mica schists and pegmatites. 
Groundwater occurrence is therefore dependent on weathering and fracturing of the otherwise 
impervious crystalline basement rocks. The static water level was at 24 metres below ground level. It 
was noted that this borehole had been abandoned for quite a long time. However, there is evidence that 
at one stage it was productive borehole installed with a motorized pump. 
 
The borehole was pumped at a rate of only 0.271 l/sec but the water level reached the pump inlet just 
after 20 minutes of pumping, having produced a drawdown of 19.4 metres. Recovery was very slow, 
with residual drawdown of 15.9 metres after 4 hours of recovery. 
 
Analysis of the pumping drawdown data with Theis method resulted in a very low transmissivity value 
of 0.137 m2/day, which is indicative of a poor borehole yield. Recovery data was analysed with Theis 
Recovery method but the resulting transmissivity value of 3.33m2/day is rather absurd for such a low 
yielding borehole.  
 
 Conclusion 
 
This borehole is deemed to be poor yielding, given that it dried up after only 20 minutes of pumping at 
a very low pumping rate of 0.271 l/sec and recovery was also quite slow. Therefore, by any standards 
RHA Mine BH 2 is not worth considering as a productive borehole.  
 
3.2.3 RHA Mine BH 3 (Centre) 
 

 Discussion of Results 
 

Borehole probably taps the weathered and fractured Basement rock aquifer consisting of mica schists 
and pegmatites. Groundwater occurrence is possibly controlled by weathering and fracturing of the 
basement rock. Currently, this borehole is functional and supplies water, mainly for domestic use, to the 
present mine community.  The static water level was at 25.18 metres below ground surface. 
 

The borehole was pumped at a constant pumping rate of 0.235 l/sec for 3 hours and this produced a 
drawdown of 32.62 metres. A three hour recovery was undertaken resulting in a residual drawdown of 
only 1.99 metres. 
 
The pumping drawdown data was analysed by Theis method and the results gave a low value for 
transmissivity of 0.151 m2/day Theis Recovery method used to analyse the recovery data similarly gave 
a very low value for transmissivity of 0.143 m2/day.  These T values are consistent with the reported 
low borehole yield. 
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 Conclusion 
 
At the pumping rate used during the test (0.235 l/sec), the borehole can possibly be pumped for only 4 
to 5 hours before completely drawing down the water. A semi continuous pumping operation, with a 
pumping cycle of 4 hours pumping at 0.25 l/sec and a 4 hour recovery period should enable the borehole 
to more or less supply 10m3/day. The borehole may not be worth considering for a large water supply 
of the magnitude proposed for the mine operations. 
 
3.2.4 Nyantue Borehole 
 

 Discussion of Results 
 

The borehole is possibly drilled through the Basement gneisses and schists and therefore relies on 
weathered and fractured Basement rocks for an aquifer. The borehole had no pump and appeared to in 
a state of disuse for several years. The static water level was at 34.1 metres below ground surface. 
 

The borehole was pumped at a constant pumping rate of 0.266 l/sec for 3½ hours and this produced a 
drawdown of 37.6metres with a residual drawdown of 4 metres after 2 hours of recovery period. 
 
The pumping drawdown data was analysed by Theis method, while the Theis Recovery method was 
used to analyse the recovery data. The resulting values for transmissivity of 0.205 m2/day and 0.171 
m2/day respectively were very low and consistent with a poor yielding borehole.  
 
 Conclusion 
 
The borehole is poor yielding and could not be considered for the mine water supplies more so as it 
would be uneconomical to install a pump and pipe work to merely deliver about 0.2 l/sec of water to the 
mine over a distance of more than 8 km. 
 
3.2.5 Lukosi Well 1 
 

 Discussion of Results 
 

The large diameter well was sunk through the Escarpment Grits of the Upper Karoo, which possibly 
possesses primary porosity and permeability. The indications are that the aquifer is unconfined. The well 
is located near a major river (Lukosi River) where recharge is enhanced and therefore the water level is 
evidently shallow, being only 5.55 metres below ground surface. While this borehole appear to have 
been abandoned for quite a long time before the test, there is evidence that it had been designed for a 
large water supply utilized by the National Railways of Zimbabwe. 
 
The well was pumped at a constant pumping rate of 2.75 l/sec for 8 hours and produced a drawdown of 
only 5.4 metres. Recovery was inevitably slow given that well-bore storage for a large-diameter well 
retards the rise in water level to a large extent. For this reason, the water level rise during the recovery 
phase could not be monitored.  
 
Papadopulos-Cooper method that accounts for well-bore storage for a large-diameter well was used for 
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the analysis of the pumping drawdown data, giving a transmissivity value of 21.8 m2/day. This relatively 
high T value is consistent with the expected moderate to high yields for the Escarpment Grits. 
 
 Conclusion 
 
The moderate transmissivity is indicative that the well is good yielding and is worthwhile considering 
for a medium to large water supply. Given that the well showed no lateral barrier boundaries on pumping 
rate of 2.75 l/sec for 8 hours, the pumping yield could possibly be increased to 3.0 l/sec with no adverse 
results. This is also supported by the fact that the drawdown was only 5.4m after the 8 hours of pumping. 
However, this yield is a safe maximum for 12 hours continuous pumping with a similar period reserved 
for recovery. 
 
3.2.6 Lukosi Well 2 
 

 Discussion of Results 
 

This large diameter well penetrated Escarpment Grits of the Upper Karoo, which possibly possess 
primary porosity and permeability. Indications are that the aquifer is unconfined. The well is located on 
the banks of Lukosi River where recharge is enhanced. Water level is inevitably very shallow, being 
only 2.75 metres below ground surface. This well, which most likely was used by the railways for the 
operation of the trains, appears to have been in state of disuse for quite a long time.   
 
The well was pumped at a constant pumping rate of 2.75 l/sec for 5½ hours, resulting in a drawdown of 
9.85 metres. Apparently, at this stage, the water level had already reached the pump inlet. The water 
level rise during the recovery phase could not be monitored, given that well-bore storage for a large 
diameter well retards the rise in water level to a large extent.  
 
Papadopulos-Cooper method that accounts for well-bore storage for a large-diameter well was used for 
the analysis of the pumping drawdown data. The resulting transmissivity value was 4 m2/day, which is 
quite low for a well tapping water from the Grits more so in an area where recharge is enhanced. 
 
 Conclusion 
 
The low transmissivity value, 4 m2/day, indicates that the well is low yielding This is further complicated 
by the fact that the well, being only 12.5 metres deep, could not have fully penetrated the saturated Grit 
so as to maximise the available drawdown.  A much smaller pumping yield, may be only 1 l/sec, should 
enable the well to give more or less a continuous yield. When the pumping costs are taken into account 
it is probably uneconomical to consider a well with such a low yield for a large water supply. 
 
4.0 CONCLUSION AND RECOMMENDATIONS 
 
4.1 Main Conclusion 
 
The pumping yields for each pump tested boreholes and large-diameter wells that are considered to be 
safe maximum are presented in Table 4.1 
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TABLE 4.1 –Proposed Pumping Yields 

Borehole Borehole/
Well 
Depth (m) 

Proposed 
Pumping 
Yield (l/sec) 

Proposed 
Pumping 
Yield (l/hr)

Proposed 
Pumping Cycle 

Remarks 

RHA Mine BH 1 48 0.25 900 4 hours pumping/  
4 hours recovery 

Test results are similar to 
functional borehole and thus can be 
used for a small water supply 
provided it is deepened to 70m

RHA Mie BH 2 47 - - No pumping 
recommended 

Borehole is deemed dry and not 
worth pumping   

RHA Mine BH3 100 0.25 900 4 hours pumping/  
4 hours recovery 

Water is too little for a large water 
supply 

Nyantue BH 95 - - No pumping 
recommended 

Cannot be viably pumped for the 
mine water supplies as the yield is 
very low 

Lukosi Well 1 28.1 3.0 10,800 12 hrs continuous 
pumping/ 12 hrs 
recovery

Can be installed with pump and 
viably  pumped for the mine water 
supplies 

Lukosi Well 2 12.68 1.0 3,600 12hrs continuous 
pumping/ 12 hrs 
recovery

Yield is rather low and may not be 
economically viable to pump the 
well for the mine water supplies

 
Basically two classes of groundwater potential were established from the pumping tests and these are 
related to the different underlying rock types, the Basement gneisses and schists and the Upper Karoo 
Escarpment Grits.  
 
 Basement Gneisses and Schists 

 
Due to the crystalline nature of the Basement rocks in the vicinity of the mine claim, borehole yields can 
be expected to be small. Evidently, pumping tests for the four boreholes located in this geological unit 
gave extremely low transmissivity values (<0.2 m2/day), which are somewhat consistent with the poor 
yielding boreholes. With pumping yields merely averaging 0.25 l/sec, it would not be viable to pump any 
of these boreholes for a large water supply.  
 
 Escarpment Grits  
 
Pumping tests of large-diameter wells penetrating the Grits in the vicinity of Lukosi Siding, seem to 
indicate that moderately high yields are possible provided the wells/boreholes fully penetrate the saturated 
Grit to maximize on the available drawdown. Given that yields in the region of 3.0 l/sec (10,600 l/hr) are 
likely to be feasible from properly sited and correctly designed boreholes, it would be considered viable 
to exploit this aquifer for the mine water supplies, despite the long distance involved for piping the water 
to the mine. Considering that this safe maximum yield (10,600 l/hr) will require a borehole to be pumped 
continuously for 12 hours with a similar period reserved for recovery, coupled with the fact that the mine 
water requirements are huge, it is not unreasonable to assume that several of these boreholes will be 
required to satisfy the water demand, estimated to be 25,000-50,000 l/hr. Therefore, a well-field of six 
boreholes, correctly sited in the Grits aquifer, will be require for the mine water supplies. In order for this 
proposed well-field to meet the requirements of the mine, an alternating pumping regime will proposed 
whereby three boreholes will be pumped continuously for 12 hours at any given time of the day, while 
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the other three will be on recovery. 
 
4.2 Recommendations 
 
 Establishment of a well-field in the Grits aquifer comprising six boreholes would be recommended 

as the most appropriate solution to the water supply requirements for the mine.  
 

 Given that one good yielding large diameter well (pump tested) already exists within this region, it 
can also be included as part of the proposed well-field and thus all in all drilling of  five new 
boreholes would be required 
 

 Because boreholes supplying safe yields in the region of 10,600 l/hr are by no means ubiquitous in 
the Grits, it is critical that the boreholes for the mine water supply should be properly sited so that 
highest possible yields are extractable from each of the boreholes. Current state of the art 
hydrogeologic practice for locating high production boreholes calls for careful hydrogeological 
analysis and extensive geophysical surveys, and where necessary drilling and pump testing of pilot 
holes in order to select the most favourable sites for construction of production boreholes 

 
 It is also important to emphasise that large diameter properly constructed and well developed 

boreholes will facilitate larger abstractions from the potential aquifer. 
 

 The envisaged programme of work for the successful development the groundwater resources to 
sustainably supply water to the mine will include the following phases; 

 
o Phase 1- Hydrogeological surveys and geophysical investigation to locate potential sites for 

borehole drilling in the Grits aquifer and the subsequent designing of the well-field. 
 
o Phase 2 – Drilling and construction of six boreholes with the possibility of the total number 

increasing to nine boreholes should drilling of exploratory boreholes be recommended in first 
phase. 

 
o Phase 3 – Long-term pumping tests with durations not less than 24 hours. 

 
o Phase 4 – Groundwater modelling and development of groundwater management strategies. 
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APPENDIX 1 
 

Pumping Test Data and Graphical 
plots 
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Pumping Test Analysis Report 1A Page 1 of 1 

Project:  RHA Mine Geohydrological Study 

Number: BH1 

Client: RHA Mine 

Location: Hwange Pumping Test: RHA Mine BH1 (East) Pumping Well: RHA Mine BH1 

Test Conducted by: Joseph Njanike Test Date: 30/10/2014 Discharge Rate: 0.5 [l/s] 

Observation Well: RHA Mine BH1 Static Water Level [m]: 17.24 Radial Distance to PW [m]: - 

 Time 
[min

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 18.39 1.15 

2 2 19.76 2.52 

3 3 21.00 3.76 

4 4 22.39 5.15 

5 5 23.54 6.30 

6 6 24.82 7.58 

7 7 26.04 8.80 

8 8 27.21 9.97 

9 9 28.46 11.22 

10 10 30.01 12.77 

11 12 31.88 14.64 

12 14 33.99 16.75 

13 16 36.00 18.76 

14 18 37.99 20.75 

15 20 39.68 22.44 

16 25 43.40 26.16 

17 30 46.01 28.77 
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Pumping Test Analysis Report 1A

Project:  RHA Mine Geohydrological Study 

Number: BH1 

Client: RHA Mine 

Location: Hwange Pumping Test: RHA Mine BH1 (East) Pumping Well: RHA Mine BH1 

Test Conducted by: Joseph Njanike Test Date: 30/10/2014 

Analysis Performed by: Joseph Njanike Theis Analysis Date: 21/11/2014 

Aquifer Thickness: 10.00 m Discharge Rate: 0.5 [l/s] 

[m
] 

Calculation using Theis 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Storage coefficient Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH1 1.98 × 10-1
 1.98 × 10-2

 3.64 × 10-1
 0.07  

 

 

 
 
 
 
 
 
 
 

 
Time [min] 

1.00 10.00 100.00 
0.00 
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RHA Mine BH1 
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Pumping Test - Water Level Data Page 1 of 1 

Project:  RHA Mine Geohydrological Study 

Number: BH1 

Client: RHA Mine 

Location: Hwange Pumping Test: RHA Mine BH1 (East)-Rec Pumping Well: RHA Mine BH1 

Test Conducted by: Joseph Njanike Test Date: 30/10/2014 Discharge: variable, average rate 0.5 [l/s] 

Observation Well: RHA Mine BH1 Static Water Level [m]: 17.24 Radial Distance to PW [m]: - 

 Time 
[min

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 18.39 1.15 

2 2 19.76 2.52 

3 3 21.00 3.76 

4 4 22.39 5.15 

5 5 23.54 6.30 

6 6 24.82 7.58 

7 7 26.04 8.80 

8 8 27.21 9.97 

9 9 28.46 11.22 

10 10 30.01 12.77 

11 12 31.88 14.64 

12 14 33.99 16.75 

13 16 36.00 18.76 

14 18 37.99 20.75 

15 20 39.68 22.44 

16 25 43.40 26.16 

17 30 46.01 28.77 

18 31 44.80 27.56 

19 32 44.20 26.96 

20 33 44.00 26.76 

21 34 43.80 26.56 

22 35 43.64 26.40 

23 36 43.52 26.28 

24 37 43.35 26.11 

25 38 43.21 25.97 

26 39 43.04 25.80 

27 40 42.87 25.63 

28 42 42.55 25.31 

29 44 42.25 25.01 

30 48 41.66 24.42 

31 50 41.34 24.10 

32 55 40.60 23.36 

33 60 39.88 22.64 

34 75 37.84 20.60 

35 90 36.00 18.76 

36 105 35.72 18.48 

37 120 32.10 14.86 

38 150 29.92 12.68 

39 210 26.10 8.86 
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Pumping Test - Water Level Data 

Project:  RHA Mine Geohydrological Study 

Number: BH1 

Client: RHA Mine 

Location: Hwange Pumping Test: RHA Mine BH1 (East)-Rec Pumping Well: RHA Mine BH1 
Test Conducted by: Joseph Njanike Test Date: 30/10/2014 
Analysis Performed by: Joseph Njanike Theis Recovery Analysis Date: 21/11/2014 
Aquifer Thickness: 10.00 m Discharge: variable, average rate 0.5 [l/s] 
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Calculation using THEIS & JACOB 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH1 1.19 × 10-1
 1.19 × 10-2

 0.07  
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Pumping Test Analysis Report 1C Page 1 of 1

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH2 (west) Pumping Well: RHA Mine BH2 

Test Conducted by: Joseph Njanike Test Date: 31/10/2014 Discharge Rate: 0.271 [l/s] 

Observation Well: RHA Mine BH2 Static Water Level [m]: 24.00 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 26.01 2.01 
2 2 26.60 2.60 
3 3 27.52 3.52 
4 4 28.59 4.59 
5 5 29.74 5.74 
6 6 30.75 6.75 
7 7 31.87 7.87 
8 8 32.94 8.94 
9 9 34.04 10.04 

10 10 35.03 11.03 
11 12 37.11 13.11 
12 14 39.10 15.10 
13 16 40.72 16.72 
14 18 42.60 18.60 
15 20 43.40 19.40 
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Pumping Test Analysis Report 1C

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH2 (west) Pumping Well: RHA Mine BH2 
Test Conducted by: Joseph Njanike Test Date: 31/10/2014 
Analysis Performed by: Josepn Njanike Theis Analysis Date: 24/11/2014 
Aquifer Thickness: 10.00 m Discharge Rate: 0.271 [l/s] 
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Calculation using Theis 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Storage coefficient Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH2 1.37 × 10-1
 1.37 × 10-2

 2.18 × 10-1
 0.07  
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Pumping Test - Water Level Data Page 1 of 1

Project:  RHA Mine Geohydrological Study 

Number: BH2 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH2 (west)-Rec Pumping Well: RHA Mine BH2-Rec 

Test Conducted by: Joseph Njanike Test Date: 31/10/2014 Discharge: variable, average rate 0.271 [l/

Observation Well: RHA Mine BH2-Rec Static Water Level [m]: 24.00 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 26.01 2.01 
2 2 26.60 2.60 
3 3 27.52 3.52 
4 4 28.59 4.59 
5 5 29.74 5.74 
6 6 30.75 6.75 
7 7 31.87 7.87 
8 8 32.94 8.94 
9 9 34.04 10.04 

10 10 35.03 11.03 
11 12 37.11 13.11 
12 14 39.10 15.10 
13 16 40.72 16.72 
14 18 42.60 18.60 
15 20 43.40 19.40 
16 21 43.00 19.00 
17 22 43.00 19.00 
18 23 43.00 19.00 
19 24 43.00 19.00 
20 25 43.00 19.00 
21 26 43.00 19.00 
22 27 43.00 19.00 
23 28 43.00 19.00 
24 29 43.00 19.00 
25 30 42.98 18.98 
26 32 42.98 18.98 
27 34 42.98 18.98 
28 36 42.98 18.98 
29 38 42.98 18.98 
30 40 42.98 18.98 
31 45 42.97 18.97 
32 50 42.97 18.97 
33 65 42.72 18.72 
34 80 42.49 18.49 
35 140 41.59 17.59 
36 200 40.90 16.90 
37 260 39.95 15.95 

 

 

 
 
 

s] 
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Pumping Test - Water Level Data 

Project:  RHA Mine Geohydrological Study 

Number: BH2 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH2 (west)-Rec Pumping Well: RHA Mine BH2-Rec 
Test Conducted by: Joseph Njanike Test Date: 31/10/2014 
Analysis Performed by: Joseph Njanike Theis Recovery Analysis Date: 24/11/2014 
Aquifer Thickness: 10.00 m Discharge: variable, average rate 0.271 [l/s] 
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Calculation using THEIS & JACOB 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH2-Rec 3.33 × 100
 3.33 × 10-1

 0.07  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH3 (Centre) Pumping Well: RHA Mine BH3 

Test Conducted by: Joseph Njanike Test Date: 01/11/2014 Discharge Rate: 0.235 [l/s] 

Observation Well: RHA Mine BH3 Static Water Level [m]: 25.18 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 25.18 0.00 
2 2 25.84 0.66 
3 3 26.54 1.36 
4 4 27.11 1.93 
5 5 28.42 3.24 
6 6 28.98 3.80 
7 7 29.49 4.31 
8 8 30.06 4.88 
9 9 30.57 5.39 

10 10 30.98 5.80 
11 12 32.04 6.86 
12 14 32.98 7.80 
13 16 33.75 8.57 
14 18 34.54 9.36 
15 20 35.22 10.04 
16 25 37.06 11.88 
17 30 38.06 12.88 
18 45 42.46 17.28 
19 60 45.21 20.03 
20 75 48.10 22.92 
21 90 50.04 24.86 
22 120 53.50 28.32 
23 150 55.10 29.92 
24 180 57.80 32.62 
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Pumping Test - Water Level Data 

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH3 (Centre) Pumping Well: RHA Mine BH3 
Test Conducted by: Joseph Njanike Test Date: 01/11/2014 
Analysis Performed by: Joseph Njanike Theis Analysis Date: 25/11/2014 
Aquifer Thickness: 10.00 m Discharge Rate: 0.235 [l/s] 

[m
] 

Calculation using Theis 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Storage coefficient Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH3 1.51 × 10-1
 1.51 × 10-2

 3.98 × 10-1
 0.07  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH3 (Centre) Pumping Well: RHA Mine BH3-Rec 

Test Conducted by: Joseph Njanike Test Date: 01/11/2014 Discharge: variable, average rate 0.53 [l/s]

Observation Well: RHA Mine BH3-Rec Static Water Level [m]: 23.59 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 24.90 1.31 
2 2 27.92 4.33 
3 3 29.18 5.59 
4 4 30.38 6.79 
5 5 31.42 7.83 
6 6 32.55 8.96 
7 7 33.57 9.98 
8 8 34.57 10.98 
9 9 35.65 12.06 

10 10 36.47 12.88 
11 12 38.09 14.50 
12 14 39.70 16.11 
13 16 41.29 17.70 
14 18 42.77 19.18 
15 20 44.22 20.63 
16 25 47.57 23.98 
17 30 50.64 27.05 
18 45 58.43 34.84 
19 60 64.31 40.72 
20 75 69.20 45.61 
21 90 69.30 45.71 
22 91 68.39 44.80 
23 92 67.75 44.16 
24 93 67.34 43.75 
25 94 66.87 43.28 
26 95 66.60 43.01 
27 96 66.25 42.66 
28 97 65.70 42.11 
29 98 65.14 41.55 
30 99 64.58 40.99 
31 100 64.05 40.46 
32 102 63.03 39.44 
33 104 62.13 38.54 
34 106 61.40 37.81 
35 108 60.20 36.61 
36 110 59.25 35.66 
37 115 57.05 33.46 
38 120 55.23 31.64 
39 135 48.94 25.35 
40 150 44.83 21.24 
41 165 40.73 17.14 
42 180 33.76 10.17 
43 210 29.00 5.41 
44 240 27.68 4.09 
45 270 25.58 1.99 
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Pumping Test Analysis Report 1F

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: RHA Mine BH3 (Centre) Pumping Well: RHA Mine BH3-Rec 
Test Conducted by: Joseph Njanike Test Date: 01/11/2014 
Analysis Performed by: Joseph Njanike Theis Recovery Analysis Date: 25/11/2014 
Aquifer Thickness: 10.00 m Discharge: variable, average rate 0.53 [l/s] 
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Calculation using THEIS & JACOB 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Radial Distance to 
PW 

 

[m] 

 

RHA Mine BH3-Rec 1.35 × 10-1
 1.35 × 10-2

 0.07  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Nyantue BH Pumping Well: Nyantue BH 

Test Conducted by: Joseph Njanike Test Date: 02/11/2014 Discharge Rate: 0.266 [l/s] 

Observation Well: Nyantue BH Static Water Level [m]: 34.10 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 35.06 0.96 
2 2 36.05 1.95 
3 3 38.60 4.50 
4 4 40.50 6.40 
5 5 42.20 8.10 
6 6 44.20 10.10 
7 7 46.50 12.40 
8 8 48.06 13.96 
9 9 49.60 15.50 

10 10 51.08 16.98 
11 12 53.30 19.20 
12 14 55.30 21.20 
13 16 56.90 22.80 
14 18 58.40 24.30 
15 20 60.90 26.80 
16 25 62.60 28.50 
17 30 64.00 29.90 
18 45 67.70 33.60 
19 60 69.93 35.83 
20 75 69.93 35.83 
21 90 69.70 35.60 
22 120 70.44 36.34 
23 150 70.36 36.26 
24 180 71.64 37.54 
25 210 71.70 37.60 
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Pumping Test Analysis Report 1G

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Nyantue BH Pumping Well: Nyantue BH 
Test Conducted by: Joseph Njanike Test Date: 02/11/2014 
Analysis Performed by: Joseph Njanike Theis Analysis Date: 25/11/2014 
Aquifer Thickness: 10.00 m Discharge Rate: 0.266 [l/s] 

[m
] 

Calculation using Theis 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Storage coefficient Radial Distance to 
PW 

 

[m] 

 

Nyantue BH 1.37 × 10-1
 1.37 × 10-2

 1.34 × 10-1
 0.07  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Nyantue BH Pumping Well: Nyantue BH- Rec 

Test Conducted by: Joseph Njanike Test Date: 02/11/2014 Discharge: variable, average rate 0.266 [l/

Observation Well: Nyantue BH- Rec Static Water Level [m]: 34.10 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 35.06 0.96 
2 2 36.05 1.95 
3 3 38.60 4.50 
4 4 40.50 6.40 
5 5 42.20 8.10 
6 6 44.20 10.10 
7 7 46.50 12.40 
8 8 48.06 13.96 
9 9 49.60 15.50 

10 10 51.08 16.98 
11 12 53.30 19.20 
12 14 55.30 21.20 
13 16 56.90 22.80 
14 18 58.40 24.30 
15 20 60.90 26.80 
16 25 62.60 28.50 
17 30 64.00 29.90 
18 45 67.70 33.60 
19 60 69.55 35.45 
20 75 69.93 35.83 
21 90 69.70 35.60 
22 120 70.44 36.34 
23 150 70.36 36.26 
24 180 71.64 37.54 
25 210 71.70 37.60 
26 211 71.10 37.00 
27 212 70.39 36.29 
28 213 69.87 35.77 
29 214 69.26 35.16 
30 215 68.72 34.62 
31 216 68.08 33.98 
32 217 67.50 33.40 
33 218 66.79 32.69 
34 219 66.30 32.20 
35 220 65.75 31.65 
36 222 64.34 30.24 
37 224 63.40 29.30 
38 226 62.02 27.92 
39 228 61.31 27.21 
40 230 60.39 26.29 
41 235 57.97 23.87 
42 240 55.69 21.59 
43 255 49.99 15.89 
44 270 45.60 11.50 
45 285 41.71 7.61 
46 300 41.30 7.20 
47 330 38.10 4.00 
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Pumping Test Analysis Report 1H

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Nyantue BH Pumping Well: Nyantue BH- Rec 
Test Conducted by: Joseph Njanike Test Date: 02/11/2014 
Analysis Performed by: Joseph Njanike Theis Recovery Analysis Date: 25/11/2014 
Aquifer Thickness: 10.00 m Discharge: variable, average rate 0.266 [l/s] 
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Calculation using THEIS & JACOB 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Radial Distance to 
PW 

 

[m] 

 

Nyantue BH- Rec 2.05 × 10-1
 2.05 × 10-2

 0.07  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Lukosi Well1 Pumping Well: Lukosi Well1 

Test Conducted by: Joseph Njanike Test Date: 14/11/2014 Discharge Rate: 2.75 [l/s] 

Observation Well: Lukosi Well1 Static Water Level [m]: 5.55 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 5.60 0.05 
2 2 5.65 0.10 
3 3 5.70 0.15 
4 4 5.73 0.18 
5 5 5.76 0.21 
6 6 5.79 0.24 
7 7 5.83 0.28 
8 8 5.88 0.33 
9 9 5.93 0.38 

10 10 5.98 0.43 
11 12 6.10 0.55 
12 14 6.14 0.59 
13 16 6.20 0.65 
14 18 6.27 0.72 
15 20 6.36 0.81 
16 25 6.58 1.03 
17 30 6.74 1.19 
18 45 7.43 1.88 
19 75 8.00 2.45 
20 90 8.20 2.65 
21 120 8.52 2.97 
22 150 8.71 3.16 
23 180 9.01 3.46 
24 210 9.24 3.69 
25 240 9.45 3.90 
26 270 9.67 4.12 
27 300 9.83 4.28 
28 330 9.99 4.44 
29 360 10.21 4.66 
30 390 10.33 4.78 
31 420 10.49 4.94 
32 450 10.65 5.10 
33 480 10.95 5.40 
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Pumping Test Analysis Report 1I

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Lukosi Well1 Pumping Well: Lukosi Well1 
Test Conducted by: Joseph Njanike Test Date: 14/11/2014 
Analysis Performed by: Joseph Njanike Papadopulos & Cooper Analysis Date: 25/11/2014 
Aquifer Thickness: 23.00 m Discharge Rate: 2.75 [l/s] 

 

[m
] 

Calculation using Papadopulos & Cooper 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Well-bore storage 
coefficient 

Radial Distance to 
PW 

 

[m] 

 

Lukosi Well1 2.18 × 101
 9.46 × 10-1

 3.03 × 10-2
 1.0  
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Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Lukosi Well2 Pumping Well: Lukosi Well2 

Test Conducted by: Joseph Njanike Test Date: 15/11/2014 Discharge Rate: 2.7 [l/s] 

Observation Well: Lukosi Well2 Static Water Level [m]: 2.75 Radial Distance to PW [m]: - 

  Time 
[min] 

Water Level 
[m] 

Drawdown 
[m] 

 

1 1 2.79 0.04 
2 2 2.83 0.08 
3 4 2.85 0.10 
4 5 2.95 0.20 
5 6 3.00 0.25 
6 7 3.00 0.25 
7 8 3.00 0.25 
8 9 3.00 0.25 
9 10 3.10 0.35 

10 12 3.15 0.40 
11 14 3.15 0.40 
12 16 3.30 0.55 
13 18 3.40 0.65 
14 20 3.45 0.70 
15 25 3.73 0.98 
16 30 3.90 1.15 
17 45 4.46 1.71 
18 60 4.95 2.20 
19 90 6.00 3.25 
20 120 6.90 4.15 
21 150 7.90 5.15 
22 180 8.90 6.15 
23 210 9.70 6.95 
24 240 10.50 7.75 
25 270 11.20 8.45 
26 300 11.85 9.10 
27 330 12.60 9.85 
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Pumping Test - Water Level Data 

Project:  RHA Mine Geohydrological Study 

Number: 

Client: RHA Mine 

Location: RHA Mine, Hwange Pumping Test: Lukosi Well2 Pumping Well: Lukosi Well2 
Test Conducted by: Joseph Njanike Test Date: 15/11/2014 
Analysis Performed by: Joseph Njanike Papadopulos & Cooper Analysis Date: 25/11/2014 
Aquifer Thickness: 10.00 m Discharge Rate: 2.7 [l/s] 
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Calculation using Papadopulos & Cooper 

Observation Well Transmissivity 
 

 
[m²/d] 

Hydraulic 
Conductivity 

 

[m/d] 

Storage coefficient Ratio K(v)/K(h) Radial Distance to 
PW 

 

[m] 

Lukosi Well2 4.04 × 100
 4.04 × 10-1

 5.00 × 10-1
 1.82 × 10-1

 0.75 

 

 

 
 
 
 
 
 
 
 

 
Time [min] 

1.00 10.00 100.00 1000.00 
10.00 

 

 
 

8.00 
 

 
 

6.00 
 

 
 

4.00 
 

 
 

2.00 
 

 
 

0.00  
 

Lukosi Well2 



Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 7 Hydrological study 
  



 

  

Hydrological Analysis of the RHA Dam and the Surrounding 
Areas at RHA Mine, Hwange District, Zimbabwe 

 
Prepared By  

Constant Chuma 

Consultant in Geophysics and Remote Sensing & GIS 
 

Prepared For  
RHA Tungsten Pvt Limited  

08 December 2014 

Bulawayo, Zimbabwe. 

All rights reserved. The report is meant for the private use by RHA Tungsten Pvt Limited.This 

report or any portion thereof may not be reproduced or used in any manner whatsoever without 

the express written permission of the researcher, Constant Chuma.  



Hydrological Analysis of the RHA Dam and the Surrounding Areas at RHA Mine, Hwange District, Zimbabwe 

 

Page 1 of 19 

 

 

Table of Contents 
PART I: INTRODUCTION .................................................................................................... 2 

1.1 Background ...................................................................................................................... 2 

1.2 Purpose of the Study ........................................................................................................ 2 

1.2.1 Objectives ..................................................................................................................... 2 

PART II: DESCRIPTION OF THE AREA .......................................................................... 3 

2.1 Introduction ...................................................................................................................... 3 

2.2 Climate ............................................................................................................................. 5 

2.3 Geology ............................................................................................................................ 7 

PART III: HYDROLOGICAL ASSESSMENT ................................................................... 9 

3.1 Introduction ...................................................................................................................... 9 

3.2 Topographical Assessment .............................................................................................. 9 

3.3 Water storage capacity of major catchment area ........................................................... 10 

3.4 Storage capacity of the dam ........................................................................................... 16 

PART IV: CONCLUSION AND RECOMMENDATIONS .............................................. 18 

4.1 Conclusion ..................................................................................................................... 18 

4.2 Recommendation ........................................................................................................... 18 

BIBLIOGRAPHY .................................................................................................................. 19 

 

 

 

 



Hydrological Analysis of the RHA Dam and the Surrounding Areas at RHA Mine, Hwange District, Zimbabwe 

 

Page 2 of 19 

 

PART I: INTRODUCTION 

1.1 Background   

Surface water plays a pivotal role in recharging surface and underground reservoirs. It is 

important to have an absolute understanding of the dynamics of both the surface and 

groundwater in the mining environment. Taking into account that water  is  one  of  the  most  

indispensable  constituents  of  the  human  environment.  Processing of minerals requires large 

quantities of water as a result better means of harvesting water in a mine set up is required. 

This is the case with the RHA Mine situated near Hwange.  The project is owned by RHA 

Tungsten a subsidiary of Premier Africa and the National Indigenisation and Economic 

Empowerment Fund (NIEEF) on behalf of the Government of Zimbabwe. The property 

contained the former RHA tungsten mine, which had been operational from 1931 until 1979 

(Bartholomew, 1990; Alex du Plessis and Ingram., 2013).  

The company needs information on the potential of the existing dam to supply water for 

processing of ores. Currently, the company is suggesting that the fresh water for the project 

will be supplied from a nearby borehole in Lukhosi siding, approximately 20 km west of the 

mine site. However, the use of the available facility such as the dam will presumably reduce 

operational costs. Therefore there is a great need of carrying out a hydrological assessment of 

the dam and its environs.   

Thorough ground investigations which are complimented by the use of satellites data help in 

giving a detailed analysis of the amount of water that can be accumulated in the dam. Various 

parameters were determined and analysed so as to establish a broad view of the project area.  

 
 

1.2 Purpose of the Study 

The main purpose of this work is to determine the amount of water that can accumulate in the 

existing dam from surface run off and establish if it’s going to meet the demands of the mine 

operations.  

 

1.2.1 Objectives 

In order to achieve the main purpose of the project, the following objectives should be 

achieved: 

(i) Mapping the watersheds and then demarcate the catchment area of the project area. 

(ii) Estimate the annual runoff of the catchment area. 

(iii) Determine the annual evaporation capacity. 

(iv) Determine the surface area and storage capacity of the existing dam. 
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PART II: DESCRIPTION OF THE AREA  

2.1 Introduction 

The RHA tungsten project, developed by Premier African Minerals lies between longitude 

26⁰37′1″E  and 26⁰38′53″E, and  latitude 18⁰29′44″S  and 18⁰31′6″S, is situated approximately 

20 km south-east of Hwange and 270km north west of Bulawayo, Zimbabwe. The area lies in 

the Gwayi-Shangani Catchment Area which is also in the middleveld agro-ecological region 

as shown in figure 2.1. The RHA tungsten deposit, with approximately 800m strike length and 

150 m width, is located within the Kamativi Tin Belt in north-west Zimbabwe.  

 

Figure 2.1. Relief map of Zimbabwe. A = rivers draining into the Gwayi River and then into the Zambezi 

River. B = rivers draining into the Limpopo River. C = catchment of Manyame and Sanyati Rivers which 

drain into the Zambezi River. D = basin of Mazowe River which drains into the Zambezi River. E = area 

drained by Save and Runde Rivers. F = rivers draining from the Eastern Highlands towards the east into 

Mozambique 

 

Preliminary economic assessment and concept mining study for the project were completed in 

August 2013. The project is expected commence production in 2015 with an annual production 

of 96,000t run of mine ore which will be increased over a life of 15 years.  Figure 2.2 shows 
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the project area and for this study to be valid, the study area was interpolated which include all 

the rivers that drain to the dam. The area under study was demarcated was based on the desk 

study, topographical data and satellite images of the area.   

 

 

Figure 2.2. The project area map. Area bound by blue polyline is where the claims and the operation 

will take place. The orange line is representing the area considered in this study for a better analysis of 

the dam.  
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2.2 Climate 

Normally, rainfall of an area is influenced by the climatic region in which the area is located. 

RHA mine experiences a mild to warm climate. The warmest months are September to March, 

while May to August are the coolest. The dry season occurs in April through October and 

brings fine, fair weather. The wet season happens from November to March and consists of 

showers in the afternoon followed by clear, sunny sky. It can sometimes lightly shower over 

days at a time. Winter corresponds to the dry season and summer to the wet. 

Information gathered from the Department of Meteorological Services of Zimbabwe indicate 

that long- term mean annual rainfall was about 600 mm between 1928 and 2005 with an average 

98% of the rains falling between October and April. From 2000-2012 the average annual 

rainfall has being decreasing to about 500 mm (November-May) which also cause for concern 

in any water management process. The inter-annual coefficient of variability for annual rainfall 

is 25% (Chama ille´ - Jammes et al., 2006). According to the World Climate Project averages 

based on 50 years of monthly climate data, taken from 1 km2 interpolated, the annual rainfall 

is about 530 mm (Figures 2.3). The average maximum annual temperature is close 29⁰C and 

the minimum annual temperature is about 12⁰C as shown by the line graphs in figure 2.4.  

 

 

Figure 2.3. Average monthly rainfall pattern based on 50 years of monthly climate.  

 

The annual pan evaporation in Zimbabwe varies from 1.75 m to 2.25 m, being high at low 

altitudes and in the west of the country, and low at high latitudes and along the eastern border. 

Figure 2.5 gives the contour lines of equal annual evaporation rates in Zimbabwe. Recent data 

from the Department of Meteorological Services of Zimbabwe and other studies carried out 

have shown that the project area has annual evaporation rate of about 2,080 m.  
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Figure 2.4 Average maximum and minimum temperatures based on 50 years of monthly climate.  

 

 

Figure 2.5. Contour lines of equal annual evaporation rates in Zimbabwe (marked in metres, from 

Department of Meteorological Services of Zimbabwe).  
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2.3 Geology 

The underlain geology of the RHA is describe in Bulletin 85 from the Geological Survey of 

Zimbabwe. The host country-rock comprises high-grade, strongly foliated biotite schists and 

paragneisses of the Tshontada Formation that belongs to the Dett Inlier (Figure 2.6).  The 

formation trends northeast on a regional scale, paralleling the trend of the Kamativi Inlier, and 

dips steeply to the northwest. Most of the tungsten mineralisation at RHA occurs in quartz 

veins and shear zones, within a series of quartz-tourmaline and pelitic schists. The dam is 

underlain by the strongly foliated biotite schists.  
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Figure 2.6. The geology of the area.  
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PART III: HYDROLOGICAL ASSESSMENT 

3.1 Introduction 

The supply of water in an area is dependent on the quantity of runoff and this is in turn 

influenced by rainfall. The importance  of  rainfall  was  stated  by  Schulze  (1995)  who  

described  it  as  the  fundamental  driving  force  and important input behind most hydrological 

processes. Occurrence of low rainfall and subsequent runoff in an area results in water shortage 

described in terms of resource stress or scarcity. The occurrence of runoff determines the extent 

to which man will access water for various uses, including domestic, industrial and agricultural 

uses. 

Thorough investigation of the area was done. The project was in done in two phases, namely 

field work and then modelling using the various softwares. The field work incorporated a desk 

study of the area followed by assessing the possible depth and spatial extend of the existing 

RHA Dam.  GPS was used to demarcate the estimated size of the dam. The hydrological 

assessment were done with the help of survey data and remote sensed data from the Advanced 

Spaceborne Thermal Emission and Reflection Radiometer (ASTER) and Shuttle Radar 

Topography Mission (SRTM). Data was further analysed and modelled using Geographic 

Information Systems (GIS) techniques.  Digital elevation model (DEM) data as used together 

with some ancillary data of the area to determine catchment area. Data from the Department of 

Meteorological Services was used to estimate the annual evaporation from the dam as well as 

the possible runoff in the catchment area. Soil analysis was done to establish the approximate 

runoff coefficient.  

Interpretation  was objective  and  precise  to  specific  situations  and  generalizations  were  

made  only  in  strict accordance  with the  data. The data was related to the purpose of the 

study and pre-existing literature while also determining the practical significance of 

relationships among variables.  

 

3.2 Topographical Assessment 

Assessment of the terrain was done using both remote sensing data and the available 

topographic information. The DEM of the area is shown in figure 3.1.  Generally, the dam is 

situated in a hilly area, particularly in the southeast.  There is gradual decrease in the slope 

close to the earth wall and the spill and this has a tendency of reducing the potential energy of 

stored water.   

A three dimensional analysis of the area which gives a better overview of the dam and its 

surrounding was also produced (Figure 3.2). The dam area is located in the Hwange basin. 

There is high potential of surface runoff in the area. Slope of the area was easily calculate from 

the surface map and the pixel values of the DEM.   Slope is an important characteristic of a 

catchment as it gives an indication of the kinetic energy available for water to move towards 

the basin outlet, and it has been found to be related to total runoff and base flows (Bullock, 

1988; Vogel and Kroll, 1992). 

Dendritic and parallel drainage pattern are recognized, which are indicative of the shallow 

occurrence of the underlain rock. Most of the rivers are flowing from southeast to northwest. 

Structurally controlled drainage patterns are observed in southeast part of the dam. Dendritic 



Hydrological Analysis of the RHA Dam and the Surrounding Areas at RHA Mine, Hwange District, Zimbabwe 

 

Page 10 of 19 

 

are formed on impervious rock whereas parallel drainage system form on uniform gentle slope. 

Since the area is underlaid by crystalline basement rock in the form of granitic gneisses, the 

subsurface form a good base for the dam.  

 

Figure 3.1. Digital elevation model of the area 

 

3.3 Water storage capacity of major catchment area 

The fundamental aspect of the catchment that makes it amenable for use as a unit for hydrologic 

investigations is that its topographic divide typically defines hydrologic boundaries that enable 

water budgets to be computed. The various watersheds in the area gives the potential storage 

capacity of the dam.  
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Figure 3.2 A three dimensional view of the dam, showing the relief features of the area. The slope is 

relatively gentle close to the dam area.  

 

A watershed is an area that drains water and other substances to a common outlet as 

concentrated drainage. The watersheds in the project were demarcated using topographical data 

and surface analysis of the area. In order to have a better estimation of the capacity of the 

watersheds small subsections were created based on the flow length and the slope. There are 

41 watersheds created as shown in figure 3.3. Most of the watersheds are bigger compared to 

the size of the dam with the largest having a spatial area of about 680 000 m2 (W0) and the 

smallest is almost 30 000 m2 (W16).   Table 3.1 is showing both the watersheds and the annual 

runoff for each watershed.  

Using the climate data of the area and the potential inflation analysis of the area, the annual 

runoff was estimated of each watershed (Table 3.1). The runoff coefficient is a function of soil 

type, drainage basin slope, underlain geology and the landuse/landcover of the area. The runoff 

coefficient is a dimensionless coefficient relating the amount of runoff to the amount of 

precipitation received. The variation in slope is shown in Figure 3.4, which is given in degrees. 

Most of the areas are generally flat (0.5⁰-12⁰) and there are likely to very low runoff coefficient. 

Areas which are close to the mouth of the streams are relatively steep (20⁰-45⁰). As such a 

value of between 0.05 and 0.25 was considered for this area, with accuracy of 80%. The amount 
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of runoff from a catchment influences the stream flows and hence the sizes of rivers flowing 

through that catchment. 

In order to get a better understanding of the rainfall trends in the area, autocorrelation of 1928-

2005, 1961-1990 and 2002-2012 was done to predict the annual rainfall. The rainfall pattern 

shows an annual variability of 25% in the area. Generally, there has been an overall decline of 

nearly 5% in rainfall across Zimbabwe during the 20th Century with the early 1990s witnessing 

probably the driest period the past century. Though there are no well-defined periodicities in 

the rainfall data, a 5-year running average seems to indicate a general trend towards drier years.  

The past three decades have witnessed a 10-year recurrent drought (1982, 1992, 2002 and 

2012). All the parameters which were used in the calculations are the minimum values which 

are acceptable at 95% confidence.  

 

  

Figure 3.3 The watersheds demarcated in the area. There are 41 basins modelled from the available 

information. 
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Figure 3.4. The slope of the area in degrees. 
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Table 3.1. Watersheds of the area and the projected annual runoffs for each watershed.  

Name Area of Watersheds/m2 Annual Runoff/m3 

W0 684485 41891 

W1 663684 40617 

W2 272242 16661 

W3 114807 7026 

W4 125122 7657 

W5 119453 7311 

W6 145992 8935 

W7 557687 34130 

W8 149356 9141 

W9 97610 5974 

W10 397419 24322 

W11 353746 21649 

W12 162524 9946 

W13 379257 23211 

W14 107020 6550 

W15 83095 5085 

W16 29649 1815 

W17 338381 20709 

W18 40382 2471 

W19 146222 8949 

W20 88775 5433 

W21 171813 10515 

W22 545889 33408 

W23 163189 9987 

W24 88645 5425 

W25 350496 21450 

W26 196942 12053 

W27 117956 7219 

W28 40094 2454 

W29 130398 7980 

W30 63972 3915 

W31 216708 13263 

W32 132985 8139 

W33 652017 39903 

W34 149762 9165 

W35 148190 9069 

W36 189682 11609 

W37 78840 4825 

W38 126499 7742 

W39 69516 4254 

W40 132143 8087 

W41 360836 22083 

W42 368407 22546 

Total 9551890 584576 
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The total area covered by the watersheds gives the catchment area of the dam (Figure 3.5). A 

catchment catches water which falls to earth as precipitation (rainfall), and the drainage 

network channels the water from throughout the catchment to a common outlet. The catchment 

area is about 9 551 890 m2 (955 Ha) and it extends for about 5 km SE to NW. The potential 

storage of the catchment area is about 584 576 m3. This values was calculated based on the 

field observations and ancillary data. The catchment have a great potential to fill a big dam.  

Monthly runoff show that the dam can be filled to its full capacity from November to March 

as tabulated in Table 3.2. This was calculated using the monthly annual rainfalls calculated 

from the autocorrelation of the rainfall patterns of the past events and the current events, 

excluding 2013/2014 rainfall season which received above average annual rainfall.  

 

Figure 3.5. The Catchment area.  
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3.4 Storage capacity of the dam  

To accurately measure the storage capacity, all available data are needed to represent the 

reservoir bed surface as accurately as possible. Estimating the storage capacity of a proposed 

dam is important for planning. The storage capacity determine how much water will be 

available for human and animal consumption or how much land can be irrigated. The dam was 

subdivided into four sections so as to come up with the exact storage capacity of the dam as 

shown in figure 3.5. Table 3.3 list all the sections and the respective areas. Total area covered 

by the dam is equal to 89 915 m2 (9 Ha) which is about 1% of the catchment area.  

 

Table 3.2. Monthly runoff calculated based on the autocorrelations of rainfall patterns.  

Month Max 

Temp/⁰C 

Min 

Temp/⁰C 

Monthly 

Rainfall/m 

Monthly Runoff/m3 

J 29 18 131 149 774 

F 29 18 128 147 099 

M 30 16 67 77 179 

A 29 14 21 24 071 

M 27 9 3 3 057 

J 25 6 1 1 528 

J 25 6 0 0 

A 28 8 0 0 

S 32 13 2 2 292 

O 35 17 13 15 283 

N 32 18 40 46 231 

D 30 18 103 118 061 

Annual Runoff/m3 584 576 

 

The height of the earth wall of the dam is about 5 m, stone wall is 2.45 m and that of the 

spillway is 1.5 m. Depth different points in the dam were measured and incorporated into the 

model. Using different algorithms the potential capacity or volume of the dam was found to be 

close to 275 300 m3. Dam  storage  capacity  represents  the  maximum  capacity  that  the  dam  

has  to  store  water. The storage capacity of the dam is about 47% of the storage capacity of 

the capacity area.  

The annual amount of water is estimated from the annual evaporation rates and the surface area 

of the dam. The estimated amount of water expected to be lost through evaporation is about 

179 831 m3. The calculations were based on the data from the Department Meteorological 

Services of Zimbabwe for the Hwange area, having a seasonal variation of about 28%.  

Evaporation rates are very high due to elevated average monthly temperatures. This leaves a 

balance of about 95 469 m3 (95 470 Mℓ)   of water in the dam.  

There are high chances that the water is also lost from the dam through seepage. There were 

some water traces observed behind the dam wall as well as the vegetation in the same area was 

not striving to survive.  It was difficult to quantify the amount of seepage through the earth 

wall of the dam.   However, these water losses can be minimised if the dam is highly compacted 

or cemented at the base of the earth wall.  
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Figure 3.5 Overview of the dam. The dam was divided into four sections relative to the spatial 

variations in potential depths.   

 

Table 3.3.  Surface area, storage capacity and annual evaporation rate.   

Name Surface Area/m2 Capacity Storage/m3 

A1 27666.56 
124500 

A2 17563.52 
70254 

A3 27037.07 
54074 

A4 17648.22 
26472 

Total 89915 m2 

275 300 

Capacity of Evaporation                                                                    179 831 m3 

Balance in the Dam 95 469 m3 
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PART IV: CONCLUSION AND RECOMMENDATIONS  

4.1 Conclusion 

The catchment area has annual capacity storage of about 584 576 m3 which is enough to fill 

the dam which has the capacity of 275 300 m3. Most of the water in the dam is lost through 

evaporation because the area lies in the middleveld agro ecological zone of Zimbabwe which 

have high daily maximum temperatures and moderate annual rainfall. Considering that the 

rainfall pattern in this region is erratic, the dam is likely to be filled to full capacity between 

November and March. The  degree  of  water  availability  depends  on  the  magnitude  of  

storage  capacity  in addition  to  the amount  of  runoff. The  results  indicate  that  dam was  

developed  in  catchments  with  more  runoff.  Storage infrastructure was therefore properly 

planned taking catchment runoff into consideration. The dam is located in the crystalline 

basement rock which is shallow and it’s highly impermeable. Major constrain to the use of the 

dam could be the unpredictable rainfall in the region and the seepage that is taking place on the 

earth wall.   

 

4.2 Recommendation  

The earth wall should be cemented to minimise the amount of seepage. The depth to the 

bedrock is likely to be shallow, this can be supported by the water that is accumulating behind 

the dam wall. In a good rainy season (above 600 mm, annual rainfall), the dam maybe full to 

capacity the entire season, November to March, so maximum use of the dam maybe done. 

Installation of a weather station in the area is also important for long term use. However, it has 

to be noted that the rainfall pattern in this region is not consistence.  
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DECISION LOG No. 1 
Water supply and impact of Thickener 

 
1. Discussion 
 
Finalise the water balance with consideration of available water sources, the inclusion / 
exclusion of a tailings thickener and tailings return. 
 
2. Decision and recommendations 
 
It is recommended that a thickener be installed , that water supply from Lukhosi be implemented 
by end 2015 and that provision is made to return tailings water from the permanent storage 
facility.  
 
 
3. Decision basis 
 
A systematic approach was followed to allow for an informed decision regarding: 

 water supply options 
 inclusion of a thickener 
 return of tailings water 

 
Consideration was given to water supply from two sources (Lukhosi well and RHA dam). The 
results were combined into a model to assess the impact of each element on which basis the 
final decision was made. 
 
3.1. Water supply 
 
Lukhosi well 
GWDC was engaged to do a pump test on the sustainable supply rate of the identified Lukhosi 
well. The results which are summarised in Table 1 confirmed a capacity of 6.7m3/operating hour 
on a 24 hour basis from the existing well. 
 

Table 1 Pump test results 
lit/second 3 
m3/hr 10.8 
hrs/day 12 
m3/day 129.6 
m3/operating hour on 24hrs 6.7 
Total annual supply from 1 well (m3)  40 404  

 

Support Services Office
Street Address

The Croft
87 Main Road

Blue Hills 1685 
Postal Address 

P.O Box 3503 
Halfway House 

1685 South Africa 
Tel +27 (0) 87 806 3999

Registered Office 
Craigmuir Chambers 

P.O. Box 71 
Road Town 

Tortola VG 1110  
British Virgin Islands	
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RHA dam 
 A hydrological assessment was completed to determine the potential inflow into the dam, 
based on the catchment area of the dam, the run off coefficient and annual rainfall and 
evaporation. Key findings were: 

 Annual run off into the dam: 584,576m3 
 Annual evaporation: 180,000m3 

 
Applying these numbers provides an unrealistic scenario where the dam is forecasted to be on 
average between 80% and 90% full throughout the year as indicated in Figure 1. 
 

 
Figure 1 Forecasted dam level based on hydrological study assumptions 
 
For the purpose of this evaluation a factor of 50% is applied to the calculated run off. This 
provides a scenario which is in line with current experience on site as presented in  
Figure 2. 

 
Figure 2 Adjusted forecasted dam levels 
 
Applying the factor of 50%, the total supply to the dam would be 292,288m3. Allowing for 
evaporation loss of 180,000m3 the available water supply is 112,288m3.  
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The comparative contribution of each source is shown in 

 
 Figure 3 , with the number of wells increasing from 1 to 3. It is clear that the RHA dam should 
be considered as the primary water source. 
 

 
 Figure 3 Contribution of each water supply source 
 
3.2. Water consumption 

 
Plant water consumption depends on whether a thickener is installed and whether tailings water 
is returned. The plant water balance, which is included in Appendix 1, indicates consumption for 
the various scenarios in m3/hr as follow1: 
 
 

 0% tailings water 
return 

25% tailings water return 

No Thickener 54.9 46.8 
Thickener 27.9 24.9 

 
 
These numbers expressed on an annual basis as follow. 
 

 0% tailings water 
return 

25% tailings water return Difference 

No Thickener 332,694 283,608 49,086 
Thickener 166,468 150,652 15,817 
Difference 166,226 132,956  

 
 
It is clear from this analysis that the inclusion of a thickener will reduce water consumption by 
between 133,000 to 166,000m3/annum depending if tailings water is returned. Whereas tailing 
return will benefit the water balance by between 16,000 and 49,000m3 / annum. To put this in 

                                            
1 Allowance of 5m3/hr was made for mining, camp and general usage 
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perspective, one well at Lukhosi will supply 40,602m3/annum. The priority should therefore be 
as follow: 

 Reduce water losses though including a thickener – save 166,000m3 
 Return water from tailings – additional 16,000 m3 reduction. 
 Unless if 4 wells are developed at Lukhosi, this source would not be able to 

compensate for the losses incurred if a thickener is not installed. 
 
This sequence is depicted in Figure 4. 

 
Figure 4 Impact of water consumption reduction measures 
 
4. Results 
 
The set of assumptions were combined in a single model to determine which combination will 
ensure uninterrupted operations from June to Dec 2015 and secondly, which combination of 
assumptions will provide for a full 12 months of operations. An example of the model is shown 
in `Figure 5, applying 50% factor, no tailings return, with a thickener, no water supply from 
Lukhosi and a dam level of 40% in January. This model shows that operations will be sustained 
through to December. 
 



 

 
 

Directors:   G.G. Roach (South African)   Neil Herbert (British)  P.S. Hueston (Canadian) 
J.I. Stalker (British)     

 

make up m3/h 27.47

annual rainfall 135 111 57 27 5 3 0 0 4 20 52 116 530

% of supply 0.5

Dam capacity 275 000            Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Supply Dam 74 451           61 215        31 435        14 890        2 757           1 654           ‐               ‐               2 206           11 030        28 677        63 972        292288

supply lukhosi 1 0 ‐                 ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               0

supply lukhosi 2 0 ‐                 ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               0

supply lukhosi 3 0 ‐                 ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               0

suppply dam + well 292 288            74 451           61 215        31 435        14 890        2 757           1 654           ‐               ‐               2 206           11 030        28 677        63 972        292 288     

evaporation 180 000            15 000           15 000        15 000        15 000        15 000        15 000        15 000        15 000        15 000        15 000        15 000        15 000        180 000     

water consumed ‐                 ‐               ‐               ‐               ‐               13 872        13 872        13 872        13 872        13 872        13 872        13 872        97 106       

excess / shortfall 59 451           46 215        16 435        ‐110            ‐12 243       ‐27 218       ‐28 872       ‐28 872       ‐26 666       ‐17 843       ‐195            35 100        15 182       

Dam water contained 110 000         156 215      172 650      172 540      160 297      133 079      104 207      75 335        48 668        30 826        30 631        65 731        44 269       

dam level  40% 57% 63% 63% 58% 48% 38% 27% 18% 11% 11% 24%

overflow ‐                 ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐               ‐             

insufficient supply = red 156 215      172 650      172 540      160 297      133 079      104 207      75 335        48 668        30 826        30 631        65 731       
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`Figure 5 Combined evaluation of alternatives 
 
Following this logic all scenarios were tested with the results summarised in Figure 6. 
 

Tails return No Tails ret Tails  return No Tails ret Tails return No Tails ret Tails  return No Tails ret Tails return No Tails ret

Months  ti l l  dry from start‐up  No Thickener 3 months 4 months continuous continuous continuous

Months  ti l l  dry from start‐up  Thickener continuous continuous continuous continuous continuous

Months  operating p/a No Thickener 7 months 7 months 8 months 7 months 8 months 8 months 10 months 8 months continuous 9 months

Months  operating p/a Thickener 11 months 9 months continuous continuous continuous continuous continuous continuous continuous continuous

not considered due to lag time

RHA Dam + 4 wellsRHA Dam RHA Dam + 1 well RHA Dam + 2 wells RHA Dam + 3 wells

 
 
Figure 6 Results of all scenarios 
 
Comments: 

1. Tailings return cannot be considered for the start-up period because of the lag time in 
returning water, these scenarios have been greyed out. 

2. A minimum of two wells from Lukhosi will need to supplement the RHA dam water 
supply to sustain operations through to Dec 2015 if no thickener is installed 

3. The RHA dam will have to be supplemented by 4 wells from Lukhosi to sustain 
operations for a 12 month period without inclusion of a thickener. 

4. There is no scenario that can sustain operations for a 12 month period without bringing 
water from Lukhosi. 

5. The installation of water supply from Lukosi will exceed the cost of installing a thickener. 
6. The operating cost of pumping water from Lukhosi will me much higher than operating 

a thickener 



 

 
 

Directors:   G.G. Roach (South African)   Neil Herbert (British)  P.S. Hueston (Canadian) 
J.I. Stalker (British)     

 

7. From an operating cost and efficiency perspective it cannot be justified to bring water 
from Lukhosi, just to loose most if it through the tailings system because no thickener is 
installed. 

 
5. Recommendation 
It is recommended that  

1. The thickener to be installed now. 
2. No provision for tails return during the start-up phase 
3. Provision for tails return during the steady state phase 
4. Investigate options to reduce evaporation. If successful,  no water needs to be supplied 

from Lukohsi. If unsuccessful, install a pipeline with minimum of two wells by end of 
2015. 

 
 



Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 9 Tailings storage facility 
  



 

1. I
2. S
3. D
4. Z
5. S
6. S
7. C

7
7
7

8. C
10.  A

2
I
3
4
5

 
 
 
 
 
 
 

 

Introduction
Site Selectio
Design Crite
Zone Of Infl
Seepage An
Soil parame
Component
7.1 Tailings
7.2 Return W
7.3 Rain an
Conclusion 
ttachments 
1. Tempora
2. Hydrolog
IN GEOPHY
3. Soil Analy
4. Drawing –
5. Drawing –

n   
on   
eria  
luence and 
nalysis  
eters and St
ts of Tailings

s Storage Fa
Water Tank
d Storm Wa

  

ry TSF site 
ical and Ge
YSICS AND
ysis and Re
– Under Dra
– Geotechn

 
 
 

Hazard Cla
 

tability Anal
s Facility
acility  
k    
ater System

 

– site selec
eophysical In
D REMOTE 
eport – BRY
ainage, Pen

nical survey 

INDEX
 

 
 
 

assification 
 

ysis 
 
 
 

m  
 

ction  
nvestigation
SENSING &

YAN SPENC
nstock and D
showing Tr

n – CONSTA
& GIS)  

CER, CIVIL 
Decant Syst
rial Holes 

 
 
 
 
 
 
 
 
 
 
 

ANT CHUM

TECHNICS
tem 

 
 
 
 
 
 
 
 
 
 
 

MA (CONSU

S 

1

2 
4 
6 
10 
12 
13 
15 
15 
18 
18 
19 

ULTANT 



 

1. Intro
 
Premie
tempor
extracti
The mi
operatio
 
This de
months
This are
 
This is 
contain
and the
therefo
to move
 
A perm
tempor
budget
earmar
 
During 
thicken
water re
 

duction 

er African M
rary storage
ion of Tung
ne is an ol
ons still int

esign repor
s at the give
ea has bei

a tempora
nment last u
e basin is v
re this exis
e into a pro

manent facil
rary facility,
ing $2, 8 m
rked for this

the 8 mon
ner that will
equiremen

Minerals ha
e facility at
gsten mine
d Tungsten
tact. 

rt has been
en product
ng calculat

ry storage 
used in 19

virtually imp
sting facility
oduction ph

lity will be d
, and when

million US d
s permane

ths of disp
 optimizere

nts on the t

astasked B
t their RHA
erals. 
n / Mica mi

n compiled 
tion rate of
ted to hold

facility tha
78. As the 
pervious, th
y can be ex
hase exped

designed a
n the mine 
dollars.  Th
ent disposa

osal, the p
eturn water
emporary f

lonton Man
A minesite f

ine started

to meet th
f 8,000tonn
d a maximu

at will cover
beneficiati

he facility b
xtended fo
diently, wit

and constru
is financia

he mine ha
al of tailings

process pla
r recovery
facility.  

nagement 
for the stor

 in 1932 w

he disposal
nes per mo
um of 150,0

r an old an
ion plant d
base will no
or this short
th minimal 

ucted whils
lly in a pos
s available
s.   

ant will be u
within the 

Consultant
rage of taili

with remnan

 needs of R
onth, 64,00
000 tonnes

d stable, e
oes not us
ot require l
t term.  The
capital sta

st they are 
sition to fun
e 11 hectar

upgraded to
plant, and 

ts to desig
ings after 

nts of the o

RHA Mine 
0 tonnes in

s of materia

existing dep
se any chem
ining, and 
e mine is d
rtup cost. 

depositing
nd it, conce
res of land 

o introduce
reduce the

2

n a new 

old 

for 8 
n total. 
al. 

position 
micals, 

desirous 

g on the 
eptually 

e a 
e return 



 

 
This de

 A
m
f

 T
  

w
T
s
t

 A
 A

p
 A

f
 S

a
 P

m
t

 
 
 
 
 
 

esign repor
A facility th
months, 50
feed rate. 
Total tailing
An averag

will be 25.5
This design
start up an
the solution
A maximum
A return wa
processing
A minimum
facility. 
Stability is 
and for futu
Protection 
mine is adj
the area. 

rt provides 
hat will mee
05 hours op

gs disposa
ge slurry de
5% solids. 
n incorpora

nd possibilit
n coming o
m rate of ri
ater facility

g plant for r
m possible 

a prime fe
ure closure
of the env
jacent the 

for: 
et the requ
perating tim

al capacity 
ensity of 55

ates the gr
ties if the th
off. 
se (ROR) 

y is provide
re-use, and
cost for ins

ature as th
e. 
ironment, p
Hwange N

irements o
me per mo

of the tem
5% with a t

reater solut
hickening s

of the solid
ed for, that 
d excess st
stallation th

he facility is

particularly
National Pa

of their plan
nth. 15.83

porary faci
thickener in

tion effluen
system is i

ds is4.5m / 
will allow r
torm water
hat will ens

s to be con

y with regar
rk where a

nt tailings d
metric ton

lity is 150,0
n use. With

nt as this w
n fault. Thi

year. 
return wate
r will be div
sure a safe

nstructed ov

rds wildlife
animals roa

disposal for
nes per ho

000 tonnes
hout the thi

will be the c
is has to be

erback to th
verted dow
e and stable

ver an exis

e is conside
am freely th

3

r 8 
our solids 

s. 
ickener 

case at 
e set for 

he 
wnstream. 

e storage 

sting one 

ered. The 
hrough 



 

2. Site 
 
RHA M
propose
immedi
propose
site). 
 
Becaus
taken u
 
The ma
 

 L
m
 

 P
c
a
 

 E
g
r
 

 T
o
f

Selection 

Mine undert
ed site for 
iate require
ed site is d

se of the hi
up by existi

ain points f

Land area–
mine, as w

Population
commercia
are not con

Environme
ground wa
renowned 

Topograph
of the grou
facility. 

took a deta
permanen

ements.  T
designed, f

illy and roc
ing mining 

for their Sit

– tocontain
well as avoi

n -Tailings d
al sites wou
ntaminated

ent – to con
ter and wil
Hwange N

hy - should 
und water, w

ailed site se
t long term
he Tempor
funded and

cky nature o
activities, 

te selection

n the requir
d ecologic

dam is loca
uld be mini
d. 

nsider the w
dlife, partic

National Pa

be consid
water cour

election pro
m disposal a
rary site ha

d constructe

of the area
available s

n to highlig

red deposit
ally sensiti

ated where
imal.  This 

well-being 
cularly that

ark. 

ered for sta
rses and re

ocess that 
and the tem
as been se
ed(See Att

a surroundi
sites are lim

ht are: 

tion rates f
ve and agr

e impact on
includes e

of the envi
t the mine 

ability purp
eservoirs o

considered
mporary sit
elected for 
tachment 1

ng the min
mited. 

for the start
ricultural a

n populatio
ensuring the

ronment, w
is adjacent

poses.  To 
n the deve

d two sites
te for the 
use whilst 
1for the tem

ne, and the

t-up period
reas.  

on and indu
eir water s

water cours
t to the wo

consider th
elopment of

4

s. A New 

the 
mporary 

e area 

d of the 

ustry or 
upplies 

ses, 
rld 

he effect 
f a stable 



 

 E
e
r
d

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Economy –
expediently
requiremen
developme

– the mine 
y with limit
nts of reha
ent, includin

desires to 
ed funds.  
bilitating th
ng constru

commenc
This will ge

he old mine
ction of the

e operation
enerate inc
e infrastruc
e long term

ns and pro
come for th
cture as we
m tailing sto

oduction 
he large fin
ell further 
orage facilit

5

nancial 

ty. 



 

3. Desi
 
Site se
conside
(water w
 
A lot ha
from th
decanti
 
An initia
good, s
8 mont
 
With th
Emban
current
this flow
wall at 
 
The cyc
downst
 
The tai
drain sy
away fr
 

gn Criteria

lection and
erations be
ways, seep

as been lea
is old facili
ing storm w

al selection
stable cons
hs. 

is in mind 
nkment form
t facility is v
w will caus
risk. 

clone depo
tream wall 

lings make
ystem will 
rom the co

a 

d design ar
eing stabilit
page, dust

arnt from th
ity is used 
water succ

n criterion w
solidation o

it has been
m of the Im
very sandy
e a buildup

osition met
and will no

eup is of a 
be installed
ntainment 

re best con
ty, water co
, flora and 

he existing
in this des
essfully for

was based
of tailings.  

n decided t
mpoundmen
y and porou
p of liquid o

hod places
ot restrict w

pervious, s
d to allow t
wall. 

nsidered to 
onservation
fauna), an

 tailings fa
ign.  This o
r the last 4

d on the rat
This facilit

to use an u
nt method. 
us allowing
on top of th

s the major
water move

sandy natu
the freely f

be a dyna
n, potentia

nd the proje

cility at RH
old facility h
0 years. 

te of rise (R
ty will actua

upstream C
This meth

g water to f
he old, imp

rity of the c
ement. 

ure and will
flowing wat

amic proces
l impacts to
ect econom

HA Mine.  K
has been s

ROR)of 4, 5
ally rise by 

Cycloned R
od has bee

flow easily.
pervious ba

coarse mat

 not retain 
ter out of th

ss, with the
o the envir

mic perform

Knowledge
stable and 

5 metres /y
 3, 5 metre

Raised 
en selected
 Any hindr

asin and pla

terial near t

water.  A f
he storage 

6

e major 
ronment 

mance. 

 gained 

year for 
es in the 

d as the 
rance of 
ace the 

the 

filter 
vicinity, 



 

Genera
The RH
mine si
followe
alluvial/
several
tourma
 
Some l
wolfram
sulphid
product
concen
vein sy
 
The clim
annual 
The rai
this rain
 
The se
100m N
layout p
in relati
lower w
the retu

al descriptio
HA Mine is 
ituated in th
d by schee
/eluvial fer
l parallel qu
linised and

odes were
mite veins a
des and car
tion betwe

ntrate at 65
ystems hav

mate is dry
precipitatio
nfall occur
nfall occurs

lected, ava
N-S.  The p
plan is atta
ion to exist

western sid
urn wateran

on of the s
located ne
he Zambez
elite. The a
berite sour
uartz vein s
d silicified g

e also mine
and the sur
rbonates. L
en 1931 an

5% WO₃. Th
ve been dis

y, with temp
on of 530m
rs seasona
s between 

ailable site 
process pla
ached. This
ting mine a

de of the sit
nd storm d

selected are
ear Hwang
zi Mobile B
area was fir
rces. Later 
systems w
garnet mica

ed in open p
rrounding h
Locally tou
nd 1979 wa
he mine is 

scovered. 

peratures r
mm.  The m
lly and is ty
the month

is roughly 
ant is to the
s plan indic
and other in
te is an exi

decants, to 

ea 
e, a relativ

Belt. The m
rst pegged
an underg

with coarse 
a schist’s o

pit operatio
host rock a
rmaline mi
as in the ra
currently b

ranging be
maximum re
ypically sh
s of Novem

“v” shaped
e North We
cates the lo
nfrastructu
isting pens
ensure the

vely small b
main tungste

 in 1890; e
ground min
ferberite c

of the Tsho

ons. Almos
are quite ric
ca greisen
ange of 1,2
being re-de

etween 8°C
ecorded ra
owers of s
mber and M

d, measurin
est.  A map
ocation of t
re, as well 

stock that w
e capture o

but very hig
en ore min
early produ
ne was dev
crystals hos
ontanda Fo

st generally
ch in coppe

ns have dev
248 tonnes
eveloped a

C and 38°C
ain in 24 ho
hort duratio

March. 

ng some30
p showing t
he Propos
as water c

was previou
of the maxi

gh grade tu
eral is ferb
ction came

veloped foll
sted in 
ormation.  

y, the quart
er bearing 
veloped. T

s of wolfram
and new hig

, with an a
ours is 171
on.  The m

00m E-W a
the genera
ed Tailings

courses.  O
usly used t
mum retur

7

ungsten 
berite 
e from 
owing 

tz-

otal 
mite in 
gh grade 

verage 
.5mm.   

majority of 

and 
al site 
s Facility 
On the 
to locate 
rn 



 

waterfro
deposit
 
Geolog
perfect
water fl
 
The fac
with mi
design.
 
The Hw
 
 
Genera
The tai
This Up
This me
sufficie
shear s
 
The ex
streams
 
The cyc
a raised

om the fac
tion facility

gically the b
ly stable fo
low throug

cility will co
nimal inflow
. 

wange area

al descriptio
lings dispo
pstream cy
eans the ta
nt drainage

strength to 

isting retai
s, closing t

clone meth
d wall that 

cility.  This w
. 

basin area 
ooting for th
h this area

over two str
w.  Diversi

a is not con

on of the T
osal will foll
ycloned wa
ailings slurr
e and dryin
support su

ning wall w
the basin c

hod of depo
is free dra

will be reha

is position
he facility. 
a is minima

reams of a
on of wate

nsidered to

Tailings Dis
low conven

all system w
ry will be h
ng for com
ubsequentl

will be exte
catchment. 

osition allo
ining and w

abilitated fo

ed over sh
This schist
l (attachme

 minor natu
er from thes

o be a seism

sposal 
ntional disp
will be cons
hydraulicall
paction an
y deposite

nded and i
  

ows for cou
will provide

or the dura

hallow mica
t is compet
ent 2). 

ure.  These
se streams

mically act

posal meth
structed us
y deposite
d consolida

ed tailings.

is located a

rse / sandy
e for maxim

ation of this

a schists.  T
tent with fe

e are seas
s is incorpo

ive area. 

ods as is u
sing hydrau
d in a man
ation to de

at the lowe

y material t
mum draina

s temporary

This makes
ew fracture

onal water
orated in th

used world
ulic deposit
nner that w
evelop enou

er end of th

to be depo
age, conso

8

y 

s 
s, and 

r courses 
e 

wide.  
tion.  
ill allow 
ugh 

he minor 

osited in 
lidation, 



 

compac
away fr
 
As the 
drained
same d
refurbis
 

 A
 T
 A

r
m

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ction and s
rom the wa

facility is c
d through th
decant to d
shment is r

A side wall
The indicat
A maximum
rate would 
manageme

stability.  Fi
all. 

currently us
he penstoc
ivert water

required. 

l angle of 2
ted ground
m 8,000 dr
be in plac

ent. 

iner materi

sing a syste
ck system i
r out of the 

23° has bee
d footprint w
ry tonnes p
e for the w

ial will be d

em whereb
installed.  T
facility.  S

en used to
will be full o
per month w
whole period

deposited f

by rain wate
The extens
ome minor

o provide fo
on complet
was used f
d as indica

further with

er from the
sion to this 
r extension

or a good s
tion. 
for calculat
ated by the 

hin the basi

e basin are
 facility wil

ns and 

stable facilit

ions.  This
 mine 

9

in area 

ea is 
l use this 

ty. 

 tonnage 



 

4. Zone
 
This tai
failure. 
classific
 
The exa
tailings
10286 
topogra
Table 2
 
Table 1
Descrip

Upstrea

On side

Downst
perimete

Where: 
ground 

 

e of Influen

ilings dam 
 Therefore

cation of th

act Zone o
 in the eve
Code of Pr
aphical info
2 below). 

1 - Zone of 
tion of Grou

am of any po

e parallel to 

ream of the
er 

h is the heig
level. 

nce and Ha

is a large s
e, we have 
his hazard.

of Influence
ent of failure
ractice (see
ormation av

f Influence 
und Profile 

oint of the p

the ground 

e lowest poin

ight of the ta

azard Class

structure th
calculated
 

e is difficult
e and is lar
e Table 1 b
vailable of 

According 

perimeter 

slope 

nt on the 

ailings dam 

sification 

hat can lea
d the Zone 

t to determ
rgely guide
below) for t
the area, i

to SANS 1
Zone of Inf

The lesser 
 A d
 A p

the 

A distance 

The greate
 A d
 2x t

dist
per
max

(maximum 

ad to substa
of Influenc

ine exactly
ed by the to
tailings dam
ndications 

10286 
fluence 

of: 
istance 5·h 
oint where t
level of the

of 10·h from

er of: 
istance 100
the steepes
tance of 200
imeter, with
ximum of 6k

height arou

antial dam
ce to determ

y, but is bas
opography
ms as a gu
show the f

from the to
the elevatio

e toe. 

m the toe. 

0·h from the 
st ground slo
0m from the
h a minimum
km. 

und the dam

age in the 
mine the 

sed on the
.  Using the

uideline and
following z

e. 
on exceeds 

toe 
ope measur
e lowest poin
m of 0.5km a

m) above nat

10

event of 

e flow of 
e SANS 
d the 

zone (see 

h/2 above 

red over a 
nt on the 
and a 

atural 



 

Table 2 

Max.
H

There a
 
Table 3 

1 

Number
resident
Zone of
Influenc

0 

1 – 10 

>10 

1. Not in
2. The v
than tha
3. The p
extends

From th
downst
 
The ha
therefo
 

- Zone of In

 Height 
H(m) 

10 

appears to 

– Safety Cl

r of 
ts in a 
f 
ce 

ncluding wo
value of pro
at associate
potential for 
s the “Zone 

his Table 3
tream of th

zard class
re be LOW

nfluence Ca

Upstre
5·h (

0 

be nothing

lassification

2 

Number of
workers in 
Zone of 
Influence₁ 

<10 

11 – 100 

>100 

orkers solely
perty shall b

ed with the fa
r collapse of
of Influence

3 above, it i
e dam that

ification for
W. 

alculations 

eam 
m) 

g falling wit

n Criteria 

3

f 
a 

Va
in 
Inf

0 -

$2
m

>$

y for the pur
be the repla
acility. 
f the residue
e” to below g

is evident t
t would fall

r the Propo

Side
10·h (m

0 

thin the Zo

alue of prop
a Zone of 
fluence₂ 

- $200,000

200,000 - $2
illion 

$2 million 

rposes of op
acement val

e deposit int
ground leve

that there a
l within the

osed RHA 

m) 

one of Influe

4 

perty Dista
unde
work

>200

2 50 –

<50m

perating dep
ue in 1996 

to the unde
el. 

are no resi
e Zone of In

Temporary

Do

100·h (m)

1000 

ence. 

ance to 
erground mi
kings₃ 

0m 

200m 

m 

posit. 
in terms of 

rground wo

dences or 
nfluence.   

y Tailings F

ownstream 
 

) 2.s

5 

ne 
Classif

Low 

Medium

High 

all property

rkings effec

constructio

Facility will

11

lope (m) 

500 

fication 

m 

, other 

ctively 

ons 

 



 

5. Seep
 
Theund
and has
natural 
 
Solutio
water b
the hist
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

page Analy

derlying mi
s a low per
means un

n monitorin
both on the
torical valu

ysis 

ca schist h
rmeability o

nlikely.   

ng borehol
e upstream 
ues of the g

has few det
of >20 m/s

es will be p
and down

ground wat

tectable fra
s making th

provided to
stream sid
ter and the 

actures ma
he contamin

o determine
des of the fa

possible le

aking seepa
nation of g

e the qualit
acility. The
eakage of 

age flow ra
round wate

ty of the gr
ese will det
the facility.

12

ates poor 
er by 

round 
termine 
. 



 

6. Soil 
 
Test pit
testing,
can be 
 
The ba
and tra
 
This ma
deposit
 
The fou
1850kg
 
Table 4 

 

Plasticit

Clay pe

 
Table 5 

Materia

Slime 

Founda

 
From le
testwor

parameter

ts were exc
, and also t
viewed at 

sin of the p
nsported c

aterial is ve
tion.   

undation in
g per m³ ob

– Characte

ty index (%)

rcentage (%

– Compact

l 

tion 

essons lea
rk and ther

s and stab

cavated wh
to determin
the end of

proposed t
clayey sand

ery dense 

ndicators ar
btained with

eristics of fou

) 

%) 

tion charact

Dry unit w
(kg/m

1450

2100

rned from t
re are no C

bility analys

here possib
ne materia
f this report

ailings faci
ds averagin

and will pro

re indicated
h the LCE 

unding mate

eristics and

weight 
m³) 

Be

0 

0 

the current
Circular failu

sis 

ble through
l available 
t(Attachme

ility and wa
ng 400mm

ovide a ver

d below Ma
at an optim

erial and sli

Foundatio

SP 

<20 

d permeabili

earing Capa
Kpa 

50 to 75

100 to 350

t tailings fa
ure or Bloc

hout the ba
for constru

ent 3). 

ater tank co
 thick. 

ry stable fo

aximum dr
mum moistu

me are esti

n 

ty values 

acity Per

0 

acility the s
ck failure pl

asin area fo
uction.  The

onsists ma

oundation f

ry density o
ure conten

mated to be

rmeability k 
(m/sec) 

<3 

>20 

lope angle
lanes evide

or geotech
e report an

ainly of mica

for the tailin

of this mate
nt of < 5%. 

e 

Slime 

NP 

13 

es concur w
ent. 

13

nical 
nd results 

a schist 

ngs 

erial is 

with the 



 

7. Com
 
Various
and 4).
 

 T
 T
 S

 
7.1T
This
will 

 
The
 A

t
T
 

 U
e
p
p
d
 

 C
w
t

mponents of

s compone
  These ar

The tailings
The return 
Stream an

Tailings sto
s is the fac
not be imm

e facility co
Access roa
the main d
This will pr

Under-drai
embankme
prevent wa
placed acro
decants sy

Cycloned E
with the us
the existing

f Tailings f

ents of the t
e: 

s temporar
water hold
d water div

orage facili
cility that wi
mediately r

nsists of: 
ads – Provi
irt road to t

rovide easy

ins – Provis
ent wall to 
ater seepag
oss the old

ystem (see 

Embankme
se of a hyd
g wall.  Thi

facility 

tailings fac

ry storage 
ding pond a
version sys

ty 
ill receive t
equired for

ision has b
the final pe
y access to

sion has be
draw down
ge in that a
d stream be
attachmen

ent retainin
ro-cyclone
is wall will 

cility are de

facility 
and storm 
stem 

the tailings 
r further pr

been made
enstock po
o the facility

een made 
n on the ph
area.  A dra
ed to allow
nt 4). 

ng wall – An
 where coa
be progres

etailed in th

water deca

disposal fr
rocessing.

e for access
osition to th
y and pens

for under d
hreatic surf
ained zero 

w water to f

n upstream
arse produ
ssively con

he drawing 

ant 

rom the pro

s by vehicle
e East of t

stock. 

drainage n
face within 
fines conc
low freely t

m embankm
ct will be d
structed w

(see Attac

ocess plan

es from No
he tailings 

ear the 
the facility

crete layer 
through to 

ment will be
deposited o
with product

14

chment 1 

nt and 

orth off 
facility.  

y and 
will be 
the old 

e created 
on top of 
t 



 

r
T
m
T
2
t
T
s
i
 

 C
t
a
w
d
 

Pen
faci
pipe
dec
mon
A co
dec
exce
towe
The
dec

received d
This will pr
maintained
The crest o
2m above 
that water 
There will b
supporting
inclination.

Catwalks –
temporary 
are to prov
will be con
distance. 

nstock intak
lity will be 
e to the pro
cant water f
nths of ope
oncrete ba

cant tower. 
ess water 
er to the fu

e decant pip
cant pipe ou

uring the c
rogress eas
d from the t
of the tailin
the pool of
will not be 
be no work
 due to the
 

– these adj
penstock p

vide safe ac
structed fro

ke and outf
by a vertic
ocess wate
from the fa
eration.  
se support
 Subseque
and solutio

ull height of
pe is fed by
ut of the fa

course of th
stward ups
toe of the f

ngs facility g
f water that
able to ov

k done on t
e sandy nat

ustable wo
positions a
ccess to th
om the sid

fall pipe – S
al penstoc

er tank.  Tw
acility befor

ts a single 
ent rings ar
on.  This ar
f the facility
y this pens

acility to the

he operatio
stream to e
facility to th
generated 
t will accum
ertop the c
this emban
ture of the 

ooden struc
and the fina
he penstock
e of the va

Solution dr
k intake th

wo tempora
re the final 

pre-cast co
re added to
rrangemen
y.   
stock tower
e process w

on. 
ensure that
he crest. 
by this wa

mulate befo
crest. 
nkment wa
product an

ctures will b
al penstock
k outlets w

alley to give

rainage fro
at discharg

ary penstoc
penstock p

oncrete rin
o this as th

nt is engine

r.  Water is
water tank.

t an angle o

all will at all 
ore decant

ll as they w
nd the limit

be provide
k position.  
within the im
e the shorte

om the poo
ges this so
cks are alre
position is 

ng forming 
he facility ri
eered to su

s transferre
  This pipe

of 23ᵒ is 

times be a
t.  This is to

will be self-
ted angle o

ed for the tw
These cat

mpoundme
est access

l on top of 
lution via a
eady in pla
reached af

the start of
ses to dec
pport the p

ed through 
e is designe

15

at least 
o ensure 

of 

wo 
walks 
nt, and 

s 

the 
an outfall 
ace to 
fter 5 

f a 
cant the 
penstock 

the 
ed to 



 

dec
clas
heig
Both
18 m
The
The
con
 
 
 S

a
 

 P
m
b
 

 M
u
w
e
p
I
b
T
 

cant the 1:1
ss 12 rating
ght. 
h the deca
m from the
e existing d
ese have to
structing in

Slurry deliv
and has be

Piezomete
monitor the
be located 

Monitoring
upstream a
where grou
expected to
possible co
It is importa
begins. 
This water 

100 year 24
g to sustain

nt pipe and
 base. 

decant syst
o be installe
n process w

very and cy
een exclud

ers – will be
e phreatic s
between t

 Boreholes
and one do
und water i
o be signif
ontaminatio
ant for reco

will also b

4 hour stor
n the mass

d penstock

tem needs 
ed and com
water. 

yclone sys
ed from th

e required t
surface wit
the filter dra

s – two bor
ownstream
is expected
ficant.  The
on both be
ords to sam

e used for 

rm event w
s of the slim

k tower hav

to be expo
mpleted firs

tem – is inc
is design.

throughout
thin the de
ain and the

reholes hav
 of the faci
d, however

ese boreho
efore the fa
mple this w

dust supp

within 48 ho
mes deposi

ve been en

osed, repai
st, as to no

corporated

t the opera
posited tai
e embankm

ve been pr
ility.  These
r the occur
les will be 
cility and a

water before

ression if t

ours.  The 6
ited over it 

ngineered f

ired and re
ot be workin

d in the des

ational stag
lings.  Thre

ment wall.

rovided for 
e have bee
rrence of g
used for de

after. 
e the tailing

he volume

600mm pip
for its full 

for a total h

efurbished. 
ng and 

sign of the 

e of the fac
ee Piezom

in this des
en sited in a
round wate
etection of

gs deposit

es allow. 

16

pe will be 
10m 

height of 

plant 

cility to 
eters will 

sign, one 
areas 
er is not 
f any 

ion 



 

 F
e
p
e
S
d
 

 S
s

 
7.2 
This
befo
con
The
this 
30%
 
7.3 
Rain
grou
will 
pen
surp
slim
 
 

Fencing – 
enclosed w
proximity to
ensure ext
Signs warn
displayed o

Site Office 
safely hold

Return Wa
s system u
ore pumpin
tain 60m³ o

e reticulatio
report. 

% return wa

Rain and S
n and storm
und slopes
be allowed

nstock pipe
plus rain or

mes dam. 

Mine Mana
with a minim
o the Natio
tra protectio
ning of dan
on this per

and Store
d stores an

ater Tank 
ses the ex

ng back to 
of water fo

on from her

ater is expe

Storm Wat
m water fal
s to the wat
d to settle a
.  Where p
r storm wat

agement sa
mum of a f
onal Park a
on of wildli

ngers and p
imeter fenc

eroom – wil
d provide i

xisting retur
the proces

or reuse. 
re is part of

ected from 

er System
lling within 
ter pool on
and water d
possible, ra
ter will be d

afety regul
five strand 
an 18 stran
fe. 
prohibiting 
ce. 

l be provid
ndoor work

rn water ta
ss plant.  T

f the mine 

the facility

the basin 
n the easter
decanted f

ain water w
diverted do

ations requ
barbed wir
d electric f

entry of un

ed on the s
king area f

nk where w
his tank wi

plant desig

y, and will v

will be dive
rn side of t
from the fa

will be used 
own the str

uire the fac
re fence, h
fence has b

nauthorised

southern s
for shelter a

water is tem
ill be refurb

gn, and is n

vary accord

erted natur
the facility, 
cility to the
in the proc

ream from 

cility to be e
owever, du
been provid

d personal 

side of the f
and manag

mporarily s
bished and

not incorpo

ding to sea

rally from th
where sed

e end of the
cess plant 
the toe of t

17

entirely 
ue to the 
ded to 

will be 

facility to 
gement. 

stored 
 will 

orated in 

ason. 

he 
diment 
e 
but 
the 



 

 
 
 
 
8. Conc
 
This sit
the nex
The me
 
This su
maintai

clusion 

te is a good
xt 8 months
ethod of co

uits the tem
in their dev

d compete
s.  Impact o
onstruction 

mporary nee
velopment 

nt site with
on the env
is a prove

eds of the 
plan. 

h sufficient 
ironment, w
n and succ

mine to de

area to de
water ways
cessful cho

eposit tailin

eposit RHA 
s and popu
oice and co

gs whilst e

 Mines tail
ulation is m
ost efficient

ensuring the

18

ings for 
minimal.  
t.  

ey can 



BILL OF QUANTITIES
ITEM DETAIL UNIT  QUANTITY  RATE Per Unit  PRICE 

P & G Fixed Charge Items

Contractual Requirements SUM 1                 

Insurance SUM 1                  3 800               3 800                    

Facilities for the contractor Office, Storage Shed Toilet SUM 1                  800                   800                       

Living Accommodation SUM ‐              ‐                    ‐                        

Water supply, power supply and communications SUM 1                  3 000               3 000                    

Site Establishment SUM 1                  6 000               6 000                    

Access Hours 48               110                   5 280                    

Construction Plant and Equipment SUM 1                  800                   800                       

Other Fixed Charges SUM 1                  13 443             13 443                  

Security Months 4                  1 500               6 000                    

Remove contractor From Site SUM 1                  6 000               6 000                    

Transport stores to site 3 200          1.5                    4 800                    

Survey and laying out site 1                  2 600               2 600                    

Professional Services / Administration 1                  26 000             26 000                  

Work to be done

Filters Excavation to floor and refill 25 m long 2m wide 3 m deep m³ 180             17                     10 010                  

No Fines concrete m³ 15               450                  

Drain Pipe m³ 4                  50                    

Penstock Pipe Trench Excavations 90 m long 800 mm deep 800 mm wide cu m 72               80.00               74 379                  

Install Pipe Hours 84               80.00              

Labour to Shape Excavation & Install Pipe Hours 5                  105.00            

Pipe class 12 AC 4 m long RRJ Meters 150             253                  

Reinforced Concrete work 25 mPa for new tower m³ 9                  450                  

Concrete casing 500 kgs/ pipe to sink m³ 14               450                  

Reinforcing to tie pipe Sum 1                  2 000              

Compactor compact fill around pipe Hours 20               20                    

Penstock rings 60               20                    

Repairs to old pipe encase and adapt to new rings m³ 20               450                  

water tank Bush clearing and access Hours 10               4                       14 810                  

Plaster old tank 25mm thick wire mesh support m² 35               150                  

Repair pump house floor m³ 2                  450                  

Labour to clean and prepare Hours 2                  105.00            

Reinstall pipe support m³ 2                  450                  

install 250 mm PVC class 6 rrj pipe to return water tank 6 m 12               500                  

roof on pump house  m² 16               25                    

Valves and outlet from tank to shed 100 mm Sum 1                  1 335              

Monitoring Boreholes Drill 2 boreholes 20 m deep Each 2                  8 000               16 000                  

Piezometers 75 mm Pipes Class 10 Pvcn wrapped in Bidim Meters 18               36                     970                       

Bibim m² 6                  3                      

Concrete work 20 mPa m³ 0.68            450                  

Catwalk 0.7m wide wooden access to penstocks m 50               170.00             8 500                    

Gumpoles 2m apart both sides

Facial Boards 3 wide supported to gumpole uprights

Paint and signs Warning signs every 100m Sum 50               15                     7 050                    

Toilet Porta toilet installed Each 1                  1 500              

Lighting Hut/ Penstock Install lighting for Hut and Penstocks and yyclone wall 300m Each 1                  2 800              

Operations office 4m x 3 m shed Each 1                  2 000              

Fence 18 Strand electic game fence 2 vehicle gates m 1 000          10                     15 000                  

bushclearing the fenceline m 1 000          5                      

TOTALS 225 242               

Sub Total 225 242       

Contingency 5% 11 262                  

Sub Total 236 504        

VAT 15% 35 476       

TOTAL 271 979   

PAYMENT SCHEDULE Including VAT

Month 1 103 611               

Month 2 103 611               

Month 3 51 806                  

Contingency 12 951                  

Earthworks Value Incliding VAT (Dry) 36 685                  
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PART	I:	INTRODUCTION	
1.1	Background			
Groundwater and surface water play a pivotal role in sustaining the flora and fauna and it 
should be protected from all kinds of pollution emanating from human exploration of the 
environment.  It is important to have an absolute understanding of the dynamics of both the 
surface and groundwater in the mining environment. Taking into account that water  is  one  
of  the  most  indispensable  constituents  of  the  human  environment.  Processing of 
minerals requires large quantities of water as a result better means of harvesting water in a 
mine set up is required. This is the case with the RHA Mine situated near Hwange.  The 
project is owned by RHA Tungsten, a joint-venture between ZimDiv Holdings, a subsidiary 
of Premier Africa, and the National Indigenisation and Economic Empowerment Fund 
(NIEEF) on behalf of the Government of Zimbabwe. The property contained the former RHA 
tungsten mine, which had been operational from 1931 until 1979 (Bartholomew, 1990; Alex 
du Plessis and Ingram., 2013).  

The most significant impact of a mining project is its effects on water quality and availability 
of water resources within the project area.  Key questions are whether surface and 
groundwater supplies will remain fit for human consumption, and whether the quality of 
surface waters in the project area will remain adequate to support native aquatic life and 
terrestrial wildlife. According to the Environmental Management Act (Chapter 20: 27) which 
was enacted in 2002 (Act 13 of 2002).  The Act aims to “provide for the sustainable 
management of natural resources and protection of the environment; the prevention of 
pollution and environmental degradation”.  Therefore the understanding of the changes in the 
hydrological regime is important because it will affect downstream water availability, water 
users and water using activities. Without knowing the downstream consequences, no holistic 
approach can be applied for the management of the catchment. On the other hand in 
cooperation of geophysical investigations will map the groundwater potential zones. The 
groundwater zones which are likely to be affected by the mining operation (the affected zone) 
should be identified. Stratigraphic sections indicating the conceptual ground water model, the 
nature and location of significant aquifers and aquacultures and relevant physical properties. 

 

1.2	Purpose	of	the	Study	
The major aim of the project is carry out hydrological assessment and geophysical 
investigations at RHA Mine, Hwange where the slime dam will be set  so as established the 
occurrence of both the surface water and groundwater systems.  

1.2.1	Objectives	
In order to achieve the main purpose of the project, the following objectives should be 
achieved: 

(i) Mapping the watersheds and then demarcate the catchment area of the project 
area. 

(ii) Estimate the annual runoff of the catchment area. 
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(iii) Mapping the subsurface geological structures and determine the depth to the 
basement rock so as to establish the occurrence and flow of groundwater.  

(iv) Identify sites where groundwater and surface can be used to periodically assess 
groundwater quality. 

(v) Analysis of hydrological conditions for potential floods on the site plan and the 
environs. 
 

1.3	 Technical	Approach	
The methodology which adopted in this work is mainly field-based surveys which were 
complimented by review of other ancillary information. Groundwater and surface water was 
out to assess the potential hazards that can be imposed by project.  

1.3.1	Hydrological	Assessments	
The hydrological assessment was done with the help of survey data and remote sensed data 
from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) and 
Shuttle Radar Topography Mission (SRTM). Data was further analysed and modelled using 
Geographic Information Systems (GIS) techniques.   

(a) Analysis and description of the catchment area.  
The following activities were carried out:  

 A mapping the catchment boundaries, 

 Normal dry weather flow in  the watercourse, 

 Flood analysis of the area. 
 

1.3.2	 Groundwater	Analysis	
Geophysical methods were used to investigate the occurrence of the subsurface structures at 
the same time determining the potential of groundwater. Electrical resistivity method was 
used to explore the subsurface with the Wenner array used to produce lateral cross sections 
and the Schlumberger array producing the vertical profiles.  

(a) Assess the groundwater occurrence. 
 Map the groundwater potential zones. The groundwater zone which is likely to be 

affected by the mining operation (the affected zone) should be identified.  

 Stratigraphic sections indicating the conceptual groundwater model, the nature and 
location of significant aquifers and aquacultures and relevant physical properties. 

 Potential groundwater flow in the area 
 

(b) Siting Boreholes  

 Two boreholes will be drilled to monitor spatial and temporal variation of 
groundwater quality 

 Geophysical investigation carried out using the electrical resistivity method for                              
siting boreholes.  
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PART	II:	DESCRIPTION	OF	THE	AREA		
2.1	Introduction	
The RHA tungsten project, developed by Premier Africa Minerals lies between longitude 
26⁰37′1″E  and 26⁰38′53″E, and  latitude 18⁰29′44″S  and 18⁰31′6″S, is situated 

approximately 20 km south-east of Hwange and 270km north of Bulawayo, Zimbabwe. The 
area lies in the Gwayi-Shangani Catchment Area which is also in the middleveld agro-
ecological region as shown in figure 2.1. The RHA tungsten deposit, with approximately 
800m strike length and 300m width, is located within the Kamativi Tin Belt in north-west 
Zimbabwe.  

 

Figure 2.1. Relief map of Zimbabwe. A = rivers draining into the Gwayi River and then into the 
Zambezi River. B = rivers draining into the Limpopo River. C = catchment of Manyame and Sanyati 
Rivers which drain into the Zambezi River. D = basin of Mazowe River which drains into the Zambezi 
River. E = area drained by Save and Runde Rivers. F = rivers draining from the Eastern Highlands 
towards the east into Mozambique 
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Preliminary economic assessment and concept mining study for the project were completed 
in August 2013. The project is expected to commence production in the second half of 2014, 
with an annual output of 192,000 t of nano tungsten oxide (WO3) over a mine life of six 
years. 

Figure 2.2 shows the project area and for this study to be valid, the area around the slime dam 
was interpolated as well. The area under study was demarcated was based on the desk study, 
topographical data and satellite images of the area.   

 

Figure 2.2. The project area map. Area bound by blue polyline is where the claims and the operation 
will take place. The green line is representing the catchment area around the slime dam.  
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Zimbabwe. Recent data from the Department of Meteorological Services of Zimbabwe and 
other studies carried out have shown that the project area has annual evaporation rate of about 
2,080 mm.  

 

Figure 2.4 Average maximum and minimum temperatures based on 50 years of monthly climate.  
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Figure 2.6. The geology of the area.  

2.4	Hydrogeological	settings	of	the	area		
The area is underlain host rock establishes the existence of basement aquifer. Basement 
aquifers are developed within the weathered overburden (regolith) and fractured bedrock of 
crystalline rocks of intrusive and metamorphic origin, mainly of Precambrian age. McFarlane 
(1987) proposes a general weathered profile for crystalline basement rocks in greenstones 
(Figure 2.3). Crystalline basement rocks have generally been subjected to multiple tectonic 
events under varying stress conditions that resulted in complex patterns of ductile folding and 
brittle fracturing in the near-surface regions of the earth’s crust (Lloyd, 1999). They are 
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changes in soil type and remnant vegetation. (iii)  Exposed sheared quartz veins that indicate 
weathered and fractured zones. (iv) Hilly areas and rock outcrops such as boulders, sheet 
rock.   

 

3.2	Topography	analysis	
Assessment of the terrain was done using both remote sensing data and the available 
topographic information. The DEM of the area is shown in figure 3.1.  Generally, the slime 
dam is situated in a hilly area, particularly in the southeast.  There is gradual decrease in the 
slope close to the earth wall and the spill and this has a tendency of reducing the potential 
energy of stored water.   

A three dimensional analysis of the area which gives a better overview of the site of the dam 
and its surrounding was also produced (Figure 3.2). There is high potential of surface runoff 
in the area. Slope of the area was easily calculate from the surface map and the pixel values 
of the DEM.   Slope is an important characteristic of a catchment as it gives an indication of 
the kinetic energy available for water to move towards the basin outlet, and it has been found 
to be related to total runoff and base flows (Bullock, 1988; Vogel and Kroll, 1992). 

Dendritic and parallel drainage pattern are recognized, which are indicative of the shallow 
occurrence of the underlain rock. Most of the rivers are flowing from southeast to northwest. 
Structurally controlled drainage patterns are observed in southeast part of the dam. Dendritic 
are formed on impervious rock whereas parallel drainage system form on uniform gentle 
slope. Since the area is underlaid by crystalline basement rock in the form of granitic 
gneisses, the subsurface form a good base for the dam.  

3.3	Watershed	and	Catchment	Area	
The fundamental aspect of the catchment that makes it amenable for use as a unit for 
hydrologic investigations is that its topographic divide typically defines hydrologic 
boundaries that enable water budgets to be computed. The various watersheds in the area 
gives the potential storage capacity of the dam.  

The fundamental aspect of the catchment that makes it amenable for use as a unit for 
hydrologic investigations is that its topographic divide typically defines hydrologic 
boundaries that enable water budgets to be computed. The various watersheds in the area 
gives the potential storage capacity of the dam.  
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Figure 3.1. Digital Elevation Model of the Project Area 
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Figure 3.2. Modelling of the topographic features 

A watershed is an area that drains water and other substances to a common outlet as 
concentrated drainage. The watersheds in the project were demarcated using topographical 
data and surface analysis of the area. In order to have a better estimation of the capacity of 
the watersheds small subsections were created based on the flow length and the slope. There 
are three watersheds created as shown in figure 3.3.  

Using the climate data of the 50 years period of the area and the potential inflation analysis of 
the area, the annual runoff was estimated of each watershed and is given in Table 3.1. 
Considering both the underlain geology and the landcover, the runoff coefficient is normally 
between 0.1 and 0.25. The runoff coefficient is a dimensionless coefficient relating the 
amount of runoff to the amount of precipitation received. Animals in the park will also reduce 
the coefficient.  The amount of runoff from a catchment influences the stream flows and 
hence the sizes of rivers flowing through that catchment. 

Table 3.1: Annual runoff 

Watershed Area/m2 Annual Runoff/m3 

A 222435 29472.6375 

B 108456 14370.42 

C 428553 56783.2725 

Total  759444 100626.33 
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Figure 3.3 Watersheds delineated from the Project Area. 

The catchment is a basin shaped area of land, bounded by natural features such as hills or 
mountains from which surface and subsurface water flows into streams, rivers and wetlands. 
Addition of all the related watershed in an area gives the catchment area. Water flows into, 
and collects in, the lowest areas in the landscape. A catchment catches water which falls to 
earth as precipitation (rainfall), and the drainage network channels the water from throughout 
the catchment to a common outlet. The catchment area (Figure3.4) of the local drainage 
network is approximately 75 9444 m2. The monthly runoff based on the averages of the last 
50 years is shown in table 3.2.  
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Figure 3.4. Catchment area in the Project Area 
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Table 3.2: Monthly runoff calculate based on the on the 50 year weather pattern 

Month Monthly 
Rainfall/mm 

Monthly Runoff/m3

J 135 25631.235
F 111 21074.571
M 57 10822.077
A 27 5126.247
M 5 949.305
J 3 569.583
J 0 0
A 0 0
S 4 759.444
O 20 3797.22
N 52 9872.772
D 116 22023.876

Total Annual Rainfall/m3 100626.33

 

3.4		Flood	Analysis	
The catchment receives moderate rainfall; it varies from 450-600 mm per year. The highest 
rainfall in 24-hours was about 171.5 mm on the 27th of February 1958.  This gave a daily 
runoff of about 32561.1615 m3. Since the area lies in between the hills, flood that occurs will 
be contained in the floodplain.  
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PART	4:	GEOPHYSICAL	SURVEYS		
4.1 Introduction		
In addition to a detailed desk study and field reconnaissance, geophysical surveys were also 
done in the project area. The geophysical investigations were carried out using electrical 
resistivity method and it was done in two phases – lateral profiling and vertical drilling. 
Figure 4.1 shows profiles for the resistivity profiling using Wenner/Schuluberger array and 
vertical electrical sounding (VES) using Schlumberger array.  Using both configurations 
helped to delineate resistivity boundaries (both horizontal and vertical) in a heterogeneous 
ground. There area was not easily accessible and the terrain was difficult to manoeuvre 
therefore the length of the lines was different from point to point.  

 

4.2	Subsurface	and	Groundwater	
There is a relationship between overburden thickness and the resistivity of the geological 
layers. This determines the boreholes success rates in crystalline basement rocks (Gopalan, 
2011). The comparison of the possible aquifer yield and the resistivity of the overburden 
material and the unweathered rock are given in Table 4.1.  Normally, resistivity of geologic 
formations which are high weathered lies between 50-250 Ωm. Table 4.2 shows the 
relationship between overburden thickness and boreholes success rates in crystalline rocks of 
Zimbabwe (Jones, 1985; Martinelli and Hubert, 1985; Chilton and Foster, 1995). The 
analysis of the geological sections using characteristics of the rock formations help in 
mapping the occurrence of groundwater in the study area.   

 
Table 4.1 Comparison of aquifer potential and resistivity of layered regolith (Gopalan, 2011). 

 

 
 

 

 

 

Table 4.2 The relationship between overburden thickness and boreholes success rates in 
crystalline rocks of Zimbabwe (Jones, 1985; Martinelli and Hubert, 1985, Chilton and Foster, 
1995) 

Thickness of overburden (m) Success rate (%) 

<10 0 
10-20 25 
20-25 45 
>25 70 

Resistivity (Ωm) Subsurface  

< 100 Clay and highly weathered 

100-150 Optimum weathering 

150-200 Moderate weathering 

200-300 Limited weathering 
> 300 Minor weathering/minor fractures 
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Figure 4.1. The project area showing profile lines and points were geophysical surveys were carried 
out.  

 

4.3 Lateral	Profiling		
The electric profiling detect lateral variations in the resistivity of the ground. 
Wenner/Schlumberger array was used for horizontal profiling which is useful for the 
investigation of any geological features that can be expected to offer resistivity contrasts with 
their surroundings. A profile line was done at electrode spacing of 20 m (a = 20 m) was used 
to get a better view of the regolith (Figure 4.2). From the desk study the electrode spacing of 
20 m was the best since the regolith layer of the area was showing to be shallow. This 
configuration was exploring to a depth of about 12 m from the right hand rule by Edwards 
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(1997). Station, L2 which directly underlaid by the current old produces high values 
indicating that the basement rock is shallow.  

 

Figure 4.2. Lateral variation in resistivities.  

 

4.4 Vertical	Electrical	Sounding	(VES)	
VES was used to produce stratigraphic sections indicating the conceptual subsurface model, 
the nature and location of significant aquifers and aquacultures and relevant physical 
properties. This inherently mapped the occurrence of the depth to the basement rock which 
established the occurrence and flow of groundwater. As such, six VES profile lines were 
done in the project area with a total of six stations used to explore the subsurface (Figure 4.1).  

The interpretation of VES data using IPI2Win software is presented in three sections: VES 
curve, pseudo section and resistivity section. The resistivity values and the sampling interval 
on the curve were used automatically to create the first approximation of the corresponding 
multilayer model. Hence, this model is modified in layer thicknesses and resistivities through 
a number of iterations until the best-fit between the calculated curve and the apparent 
resistivity curves was reached. According to Geoscan-M (2001), the IPI2Win software has 
the capability to solve both the forward and inverse problems for Schlumberger array for the 
cross-sections with resistivity contrasts. For a better appreciation of the area, cross sections 
area going to be used in presenting the results in this this section, however, the curves shown 
in the appendix. 

4.5 Resistivity	Sections	and	Pseudo	Sections	
The pseudo sections and resistivity cross sections of the four main profile lines indicate 
spatial variability of both the resistivity and the depth of the layers are shown in figures 4.2; 
4.3 and 4.4. On the pseudo sections, the top horizontal ruler represents the names of the 
sounding points, while the bottom horizontal ruler represents the coordinates of the sounding 
points. Vertical lines mark the sounding point given as AO being equivalent to half the 
current electrode spacing, AB/2.  
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Increase of resistivity with depth is a phenomenal indication of the existence of crystalline 
basement aquifer. The average thickness is about 5.30 m, which shows that the area is 
underlaid by very thin overburden sediments and weathered gneiss. The first layers of all the 
sections are characterised by a thin hard layer. This is a result of outcrops and dried top soil.  

 

 

Figure 4.3. The sections representing the pseudo section (top) and the resistivity section (bottom) 
along VES 553.  

 

Figure 4.4. The sections representing the pseudo section (top) and the resistivity section (bottom) 
along the whole slime dam.  
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Figure 4.5. The sections representing the pseudo section (top) and the resistivity section (bottom) 
along VES 552 and VES555  

 

4.6 Geophysical	Characterisation	of	the	Subsurface	
The depth to the bedrock helps in characterising the physical properties of the subsurface 
underlain the slime dam. The correlation of resistivity results shows that the project area is 
underlain by a thin regolith, which minimises the storage of groundwater. There are 
subsequently three layers underlaid project area. The first layer has high resistivities with 
average of 1581 Ωm which is mainly composed of exposed veined tourmaline garnet-mica 
schists with sand bands and quartz veins intercalated with mica. The high resistivities close to 
the old dam are also associated with tungsten residuals. This layer is very thin with an 
average thickness of less than 2 m.  

The second layer which consists of highly weathered rock. This layer is thin with average of 
5.08 m. Together with first layer they form the regolith layer which is the overburden 
material underlaid by the basement rock. Regolith layer plays a pivotal role in understanding 
the movement of contamination and groundwater occurrence in the area. An average 
resistivity of 62 Ωm is a good indicator of a high permeable layer which have high potential 
for storativity.    

The last layer which is the basement rock have extremely high resistivities. This layer 
consists of the massive granitic gneiss with an average of about 70000 Ωm. Its shows that the 
basement rock is unweathered and it’s shallow with an average of 5 m deep in the area 
underlaid by the slime dam.  

Overally, the depth to the bedrock is quite small, with the deepest being 9.3 m.  Figure 4.6 
shows the spatial variation in the bedrock and it indicates that slime dam is be underlaid by 
an impervious basement rock which hardly transport any contamination or groundwater.  The 
geological structure shows that the basement rock does not have a lot of fractures, which 
makes it difficult for groundwater to flow.   
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Figure 4.6. Depth to bedrock of the area covered by the tailing storage facility and its environs.   

 

4.7 Groundwater	Occurrence	in	the	Area	

Occurrence of groundwater in this type of geological formation is mainly affected by the 
thickness of the overburden material (depth to the bedrock) which is the housing layer for 
groundwater and then the connectivity of the fractures in the bedrock. In this case the area 
under study has very shallow bedrock, almost 5 m. The basement rock has limited fractures 
which is being shown by the high values of resistivities. So in terms of groundwater 
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occurrence the area has poor groundwater potential as shown by the map in figure 4.7. Areas 
that maybe considered for groundwater exploration are upstream and downstream.  

 

Figure 4.7. Potential groundwater occurrence.  

The area is a good site in terms of the subsurface occurrence because it does not affect 
groundwater channels since there are limited. The impervious layer occurrence is a good 
indicator of poor groundwater occurrence.  
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4.8 Water	Quality	

In a mine environment water sources should be monitored periodically. Both surface water 
and groundwater must be test to see if there are not causing any detrimental effect to the 
environment.  The testing of surface water was not carried out because the seasonal streams 
were dry. However, quality of groundwater should be tested soon after drilling of the 
monitoring boreholes. Continuous monitoring of the groundwater should be done at regular 
periods in order to compile with Environmental Impact Assessment (EIA) policies.  Shallow 
boreholes may be drilled upstream, BH1 and downstream BH2 (Figure 4.7). Considering the 
fact that processing of tungsten does not involve chemicals, which is alo complimented by 
the shallow occurrence of basement rock plastic lining the use of Low Density Polyethylene 
(LLDPE) is not necessary. Surface water used for processing the ores should be monitored 
periodically to ensure safety to the environment.  

 

Table 4.3 Borehole Sites 

Borehole X Y 
BH1 461582.55 7953692.56 
BH2 461940.89 7953358.88 
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PART5:	CONCLUSION	AND	RECOMMENDATIONS		

5.1	Conclusion	

The picture that images from the hydrological and geophysical surveys shows that the site is 
a good site for the slime dam. The catchment area which is covered by the slime dam is small 
and it will not affect much on the storage capacity of the whole catchment area. Flood 
analysis of the area for 1:100 shows that area has a potential of about 171.5 mm. The slime 
dam is situated between hills are a result of intrusion of the granitic gneiss formation, which 
by nature is resistant to water erosion. In terms of flood occurring, the effect is likely to be 
minimum because of the elevation of 917 m considered in coming up with boundary of the 
slime dam, which is generally low relative to other surrounding areas.   

The shallow occurrence of the basement rock (5 m) makes it a good impervious base. At the 
same time it means the groundwater occurrence of area is very poor and there is no good 
aquifer at all.   

 

5.2	Recommendations		

Both surface water and groundwater should be monitored. This will be in line with the 
National Environmental Policy Objective of avoiding irreversible environmental damage,  
maintain essential environmental processes and preserve the broad spectrum of biological 
diversity  so as to  sustain the long-term ability of natural resource s to meet the basic need s 
of people,  enhance food  security,  reduce poverty and improve the  standard of living of 
Zimbabwean s  through long-term economic growth and the  creation of employment.  
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APPENDIX	A:	RESULTS	OF	THE	LATERAL	PROFILING	

 

Name Point_X Point_Y Depth_Bedrock Res_Layer1 Res_Layer2 Res_Layer3
L1 461586.38 7953698.62 -8.61 523 144 110727
L2 461604.28 7953651.84 -5.04 4074 36 84761
L3 461667.87 7953599.86 -2.08 1034 26 38203
L4 461717.11 7953560.89 -2.38 1066 32 60275
L5 461922.94 7953363.86 -4.39 2005 68 72797
L6 461872.34 7953408.39 -9.30 783 64 60579
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Belmont

BULAWAYO

BLONTON MANAGEMENT CONSULTANTS
99 PLUMTREE ROAD Land:+ 263  (0)9 70228

DONNINGTON Mobile: +263( 0)772 126 773

BULAWAYO

RHA MINE  DETE AREA 7.01.2015

EXISTING TAILINGS DAM
PRELIMINARY SITE AND SOILS INVESTIGATION Page 1

PERIOD 8.12.2014 TO DATE
As requested we have carried out our investigation and report as follows …

1 Site Existing Tailings Dam

Constructed approx 1976 / 79
Basin / tailings area approx 10 000m2 / one hectare
Tailings volume approx 300 000m3 / 42 000 tonnes
Catchment approx 76 hectares
Annual average rainfall approx 450mm - ref Hydrological Report

2 Geology Lies close to the transition with granite / gneiss to the north and mica schists to the south.   The Tailings Dam Site and 
   of Area surrounds appear to consist of mica schists with the mica previously mined in a small quarry to the south west and

adjoining the dam.    Ref Plan and Trial Hole Schedule.

3 Site Consisting of …
   Investiga-

   tiion

3.1 Very basic topographical survey of …                        Wall area
Tailings Dam and surround
Penstock
Ref Plan and Penstock Longitudinal Section

3.2 Trial Holes Eleven trial holes were excavated, profiled and sampled.   Ref Trial Hole Schedule

4 Site Testing Indluded … Insitu Densities
Percolations (water)
Dynamic Cone Penetrometer to assess Bearing and Insitu CBR
Ref Trial Hole Schedule

5 Laboratory To assess quality etc … Grading
   Testing Indicators

Compactions - LCE / PROCTOR / Mod AASHTO
Sodic Dispersion
Ref Laboratory Schedules

6 Water Table Investigattions to date indicate a shallow water table with lowish borehole yeilds.   The shallow practically impervious
bedrock would indicate the possibility of a perched water table in the top approx 5 metres.
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7 Hydrological Carried out in November 2014.   To be read in conjunction with our Report.
   & Geophysical

   Investigation

Comment The existing wall and tailings in the basin is of similar Grading
Recommenda Density
tions Permeability

and is on the coarse side, grading from 6.7mm to 75um, with an average of 7% passing the 75um

The dam wall is constructed entirely of tailings, with an outer side slope of 1 in 2.33 or approx 23 degrees.   Visually
the wall is in good condition, with no signs of cracking / stress etc, with minor erosion, due to the seasonal rainfall.
Ref Plan and Section

Penstock and outlet - inspection indicates that the penstock concrete was carried out on Site using 600 x 600m
formwork, with the possibility of 600mm diameter concrete pipes at the inlet and outlets.   The concrete appears to
be in reasonable condition and we  would estimate Grade 20 Concrete.   The 600 mm 2 outlet pipes appear to be sitting
on approx' 150mm cement stabilised base fill of low strength and this requires additional investigation.
Ref Plan and Section.

Comments The dam wall and basin tailings penstocks and outlet drainage have been standing since 1979 (approx 35 years), 
on the above with little, if any, maintenance, and appear to be in reasonable conditiion, with no visible failures   We were unable to  

fully assess the conditon of the penstock outlet drain and this requires further investigation

Recommend Based on work to date, we see no reason why the tailings dam wall should not be raised approx 3 metres, which
would allow mine production of approx 45 000m3 / 63 000 ton of tailings / eight months productiion.

Comment Apart from the outlet drainage, we would also recommend that a cut off filter drain be constructed across the
dam in the area of Penstock No 4.   This should be drained directly into the existing 600 x 600mm outlet drain and
should reduce seepage through the dam wall.   Also the penstock outlet / return water resevoir requires
reconstruction

We trust the above gives the information required but would be pleased to expand, if necessary.

B SPENCER

Attached Site Plan
Penstock Longitudinal Section
Trial Hole Schedules and Classification and Insitu Testing
Laboratory Testing
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BULAWAYO

RHA MINE  DETE AREA 7.01.2015

EXISTING TAILINGS DAM
TRIAL HOLE SCHEDULE AND SOILS CLASSIFICATION Page 1

8.12.2014 TO 5.01.2015

Hole No Description (Soils) Soil Insitu Moisture Insitu Perco

Class kg/m3 % Bearing lation

Kpa Insitu CBR

H2 Top of Wall Co-Ords x = 0461+596   y = 7953+667

0-1000 Coarse grained tailings SM 1875 1 >50 Good <3
1000-3000 Ditto SM 1875 1 75 Good >3

-3000 Dtto

H1 & H3 Top of wall ditto H2

H4 Outer Perimeter / Toe Co-ords x = 0461+628   Y= 7953+637

0-400 Tailings SM 1875 1 <50 Good <3
400-1000 Transported gravels SM/SG 2010 >2 100 Fair >9
-1000 Residual biotite schist SM/GM 2100 >2 350 Bad >20

H5 Central Basin Ditto H6 Co-ords X = 0461+606   y = 7953+636

H6 Central Basin   Co-ords X = 0461+590  y = 7953+610

0-1000 Tailings SM 1875 1 25 Good <3
1000-2300 Ditto 35 Good >3
2300-2500 Silty sandy gravel SM 1875 2 100 Fair >9
2500 Residual schist SM / GM 2100 25 >250 Poor > 20

H7 Western Perimeter / Toe   Co-ords x = 0461+577   y = 7953+600

0-800 Tailings Ditto H6 Ditto H6 Good
800-1200 Gravel Fair/Poor
1200 Residual schist Bad

H10 Southern Section Co-ords x = 0461+693   y = 7953+571

0-500 Tailings SM 1850 5 >35 Good <3
500-1200 Gravel GM 2000 7 100 Fair >9
1200 Residual Schist GM >2100 5 500 Poor/Bad >20

PC2/3 Penstock Co-ords x = 0461+646   y = 7953+615

0-1000 Silty tailings SM 1830 3 25 Good <3
1000-2000 Tailings - typical SM 1875 3 35 Good >3
2000-2500 Gravel SM 3 100 Fair/Poor >9
2500 Residual schist SM 2500 3 >250 Bad >20

To be read in conjunction with Site Plan and Penstock Longitudinal Section
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Percolation Testing (Insitu) Fall of Water in 300m3 Hole

25mm in one minute = 2.25 litres / minute Good

25mm in 5 minutes = 0.45 litres / minute Good

25mm in 15 minutes = 0.15 litres / minute Fair

25mm in 30 minutes = 0.075 litres / minute Poor

25mm in 60 minutes = 0.0375 litres / minute Bad

To be read in conjenction with Investigation Reeport, Site Plan and Penstock Longitudinal Section

B SPENCER



CIVIL TECHNICS (PVT) LTD Date 7.01.2015
RHA MINE   EXISTING TAILINGS DAM

Trial Ch Depth MDD OMC Grading Analysis - % Passing Sieve Size in mm / um GM LL PP PI ARD USC CBR TT UCS Comment

Hole m mm kgm3 %; mm um 95 Material

LCE %

37.5 26.5 19.0 13.2 9.5 6.7 4.75 2.36 1.18 600 425 300 150 75 Mod A

H1 400 1875 7 100 99 95 72 60 44 15 9 NP NP NP Tailing

H1 1200 1875 100 99 95 71 57 38 10 4 NP Tailng

H4 0-400 1875 100 99 97 70 58 37 12 6 Tailing

H4 400 2010 7 100 98 97 96 94 93 90 77 60 42 35 30 21 14 SP SP SP Quartz gravel

H6 500 1850 8 100 99 90 65 54 45 19 7 NP NP NP Tailing

H6 1500 1850 8 100 99 97 95 70 58 40 12 7 NP NP NP Tailing

H7 0-800 1875 7 100 99 97 73 62 46 17 10 NP Tailing

H7 800 1950 8 100 99 98 96 93 85 66 45 37 30 21 15 23 SP SP Quartz gravel

H10 500 1850 8 100 99 97 96 95 75 62 45 17 10 NP NP NP Tailing

H10 1000 2000 7 99 98 93 88 82 77 64 37 20 SP SP SP Sandy gravel

PC2 0-500 1830 8 99 93 85 80 75 61 48 NP NP NP Silty sand

NMC Natural Moisture Content PP Plasticity Product GM Grading Modulus CBR California Bearing Ratio

SG Specific Gravity LS Linear Shrinkage OI Organic Impurities TT Texas Triaxial

LL Liquid Limits USC Unified Soil Classification ARD Apparent Relative Density

PL Plastic Limit UCS Unconfined Compressive Strength B SPENCER
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BULAWAYO

RHA MINE  DETE AREA 7.01.2015

INVESTIGATION, SURVEY AND TESTING
WORK AND PROGRESS Page 1

PERIOD 8.12.2014 TO DATE

1 Existing Tailings Dam involved …

Site Topographical Survey
Penstock Longitudinal Survey
Trial Holes, Profiles and Sampling
Insitu Testing
Laboratory Testing
Report and Recommendations

2 Water Retaining Dam Sampling of main wall earthworks for quality testing.   GPS survey to confirm height of wall,
spillway and dam capacity.   The GPS survey showed that …

Height of Wall - above water level as at 8.12.2014 was approx 10.00 metres, with
spillway at approx 7.5 metres.

Comment Wall earthworks in reasonable condition.   Seepage was difficult to assess due to the water 
level.    The wall is stone pitched for wave erosion protection and is in reasonable condition. 
Large trees are growing on the dam wall and could prove to be a problem in the future, when
no longer growing, with the decaying root system forming conduits for water to exit, with.
possible piping

3 Potential Borrow Areas for material suitable for …

Dam wall construction
Roadworks
Bulk and pavement earthworks

Area investigated north east and close to the dam wall

Geology Close to the transition with granites / gneiss to the north and schist to the south

Trial holes were excavated, profiled, sampled ie

Area A - 14 holes
Area 10 000m2 / one hectare
Volume 6 000m3

Area B - 6 holes
Area 6 000m2
Volume 3 600m3
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Typical Soil Profile Top 600mm potential gravel

0-600 Transported sandy quarts / schist / gneiss gravel of low plasticity
-600 Residual schist

Comment The gravel is similar to that used in the dam wall and is of reasonable grading and low
plasticity.   Quality - general to sub base quality fill.   It is also suitable to stabilise with
a more plastic material, suitable to use as a wearing course.

4 Proposed Tailings Dam

General inspection of the Site indicated a rough, rocky, undulating site, with medium bush
cover and with a small stream bisecting the Site.

Geology Mainly micaceous schist / gneiss

Comment If the area is to be plastic lined, extensive earthworks and levelling off will require
heavy duty equipment ie   > Bull dozer.

5 Concrete Work Samples of aggregates consisting of …

19 and 10mm stone derived from the Mine's waste dump
River sand from a local river

Laboratory quality and compressiion testing indicates that the aggregates are poor quality
and strength.   Cubes made with PPC (32.5) cement using a standard Grade 30 mix gave
low strength of <15 MPa at 28 days

Recommend Only use for low grade concrete of blinding quality.   For better quality and reinforced
concrete, aggregates should be sourced from …

Hwange - 19mm granitic stone
Lokosi River - granitic sand

6 Concrete Weir and Small Dam Overlooking the Lodge

The existing weir was constructed on …

Sound rock base
The wall some + 700mm thich by approx 1.8m high was constructed with a cement
stabilised gravel and rock fill

Comment and Recommendations

The central approx 6 metres of the wall has been washed away, with the remaining left
and right sides eroded, but reasonable stable.   A permanent solutiin would be to
demlish the wall and reconstruct with a concrete or masonry wall.

Alternative

Leave wall as is and line the inside with approx 150mm of a Grade 25 concrete, with
the central section increased in width to suit the wexisting wall. The outside badly eroded
sections should be cement plastered to an even face.

Report to be read in conjunction with Hydrological Analysis of the RHA Dam and surrounding area by

Constant Chuma on 14.11.2014.

B SPENCER



 









Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 10 ESIA 

 
  



Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 11 SENET Schedule 
  



ID Task Name Duration Start Finish Predecessors

1 SP0578 – RHA Tungsten Phase 2 111 daysMon 02/02/15Mon 06/07/15
2 Key Milestones 111 days Mon 02/02/15 Mon 06/07/15

3 Commence Order Placement 0 days Mon 02/02/15 Mon 02/02/15
4 SENET Scope Construction Complete 0 days Mon 06/07/15 Mon 06/07/15 76
5 Procurement Complete 0 days Fri 22/05/15 Fri 22/05/15 12
6 Delivery Complete 0 days Fri 22/05/15 Fri 22/05/15 55
7 APT Containers Available 0 days Wed 13/05/15 Wed 13/05/15
8 SENET Construction Manager On Site 0 days Mon 16/02/15 Mon 16/02/15
9 Commence Construction 0 days Mon 23/02/15 Mon 23/02/15

10 APT Plant Installed 8 days Thu 14/05/15 Mon 25/05/15 7
11 APT Plant Commissioned 2 days Tue 26/05/15 Wed 27/05/15 10
12 Procurement 80 days Mon 02/02/15 Fri 22/05/15

13 Order Placement 20 days Mon 02/02/15 Fri 27/02/15

14 2x Gensets 10 days Mon 02/02/15 Fri 13/02/15 3
15 2x Septic Tanks 10 days Mon 02/02/15 Fri 13/02/15 3
16 Dewatering Pump 10 days Mon 02/02/15 Fri 13/02/15 3
17 2x Water Treatment Plant 10 days Mon 02/02/15 Fri 13/02/15 3
18 Sewage Piping 10 days Mon 02/02/15 Fri 13/02/15 3
19 Containerised Diesel Storage Tank 10 days Mon 02/02/15 Fri 13/02/15 3
20 Piping 10 days Mon 02/02/15 Fri 13/02/15 3
21 Container Conversion & Blockwork Building Supplies 

(Doors/Walling/Windows/Air conditioners Ect)
10 days Mon 02/02/15 Fri 13/02/15 3

22 Fencing & Gates 10 days Mon 02/02/15 Fri 13/02/15 3
23 Rebar/Mesh Ect 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
24 High Mast Lights 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
25 Raw Water Pump Ancillaries 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
26 Construction Tools & Equipment Incl Power 10 days Mon 02/02/15 Fri 13/02/15 3
27 LV Cable 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
28 Concrete Batching Plant 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
29 Blockwork Blocks 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
30 Possible Plant Rental For Trenching 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
31 Concrete For Infrastructure 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
32 Cable Sleeves 10 days Mon 16/02/15 Fri 27/02/15 3FS+10 days
33 Award On Earthworks & Civil Contractor (Plant) 10 days Mon 02/02/15 Fri 13/02/15 3
34 Supply & Fabrication 60 days Fri 13/02/15 Fri 08/05/15

35 2x Gensets 12 wks Mon 16/02/15 Fri 08/05/15 14
36 2x Septic Tanks 12 wks Mon 16/02/15 Fri 08/05/15 15
37 Dewatering Pump 12 wks Mon 16/02/15 Fri 08/05/15 16
38 2x Water Treatment Plant 12 wks Mon 16/02/15 Fri 08/05/15 17
39 Sewage Piping 12 wks Mon 16/02/15 Fri 08/05/15 18
40 Containerised Diesel Storage Tank 12 wks Mon 16/02/15 Fri 08/05/15 19
41 Piping 4 wks Mon 16/02/15 Fri 13/03/15 20
42 Container Conversion & Blockwork Building Supplies 

(Doors/Walling/Windows/Air conditioners Ect)
10 wks Mon 16/02/15 Fri 24/04/15 21

43 Fencing & Gates 10 wks Mon 16/02/15 Fri 24/04/15 22
44 Rebar/Mesh Ect 8 wks Mon 02/03/15 Fri 24/04/15 23
45 High Mast Lights 8 wks Mon 02/03/15 Fri 24/04/15 24
46 Raw Water Pump Ancillaries 8 wks Mon 02/03/15 Fri 24/04/15 25
47 Construction Tools & Equipment Incl Power 8 wks Mon 16/02/15 Fri 10/04/15 26
48 LV Cable 8 wks Mon 02/03/15 Fri 24/04/15 27
49 Concrete Batching Plant 3 wks Mon 02/03/15 Fri 20/03/15 28
50 Blockwork Blocks 4 wks Mon 02/03/15 Fri 27/03/15 29
51 Possible Plant Rental For Trenching 20 days Mon 02/03/15 Fri 27/03/15 30
52 Concrete For Infrastructure 15 days Mon 02/03/15 Fri 20/03/15 31
53 Cable Sleeves 2 wks Mon 02/03/15 Fri 13/03/15 32
54 Award On Earthworks & Civil Contractor (Plant) 0 days Fri 13/02/15 Fri 13/02/15 33
55 Delivery 70 days Mon 16/02/15 Fri 22/05/15

56 2x Gensets 10 days Mon 11/05/15 Fri 22/05/15 35
57 2x Septic Tanks 10 days Mon 11/05/15 Fri 22/05/15 36
58 Dewatering Pump 10 days Mon 11/05/15 Fri 22/05/15 37
59 2x Water Treatment Plant 10 days Mon 11/05/15 Fri 22/05/15 38
60 Sewage Piping 10 days Mon 11/05/15 Fri 22/05/15 39
61 Containerised Diesel Storage Tank 10 days Mon 11/05/15 Fri 22/05/15 40
62 Piping 10 days Mon 16/03/15 Fri 27/03/15 41
63 Container Conversion & Blockwork Building Supplies 

(Doors/Walling/Windows/Air conditioners Ect)
10 days Mon 27/04/15 Fri 08/05/15 42

64 Fencing & Gates 10 days Mon 27/04/15 Fri 08/05/15 43
65 Rebar/Mesh Ect 10 days Mon 27/04/15 Fri 08/05/15 44
66 High Mast Lights 10 days Mon 27/04/15 Fri 08/05/15 45
67 Raw Water Pump Ancillaries 10 days Mon 27/04/15 Fri 08/05/15 46
68 Construction Tools & Equipment Incl Power 10 days Mon 13/04/15 Fri 24/04/15 47
69 LV Cable 10 days Mon 27/04/15 Fri 08/05/15 48
70 Concrete Batching Plant 10 days Mon 23/03/15 Fri 03/04/15 49
71 Blockwork Blocks 10 days Mon 30/03/15 Fri 10/04/15 50
72 Possible Plant Rental For Trenching 10 days Mon 30/03/15 Fri 10/04/15 51
73 Concrete For Infrastructure 2 days Mon 23/03/15 Tue 24/03/15 52
74 Cable Sleeves 10 days Mon 16/03/15 Fri 27/03/15 53
75 Award On Earthworks & Civil Contractor (Plant) 15 days Mon 16/02/15 Fri 06/03/15 54
76 Construction 96 days Mon 23/02/15 Mon 06/07/15

77 Earthwork 50 days Mon 23/02/15 Fri 01/05/15

78 Process Plant Upper Section 15 days Mon 09/03/15 Fri 27/03/15 75
79 Process Plant Lower Section 15 days Mon 30/03/15 Fri 17/04/15 78
80 Process Plant Tank Farm/Thickener 10 days Mon 20/04/15 Fri 01/05/15 79
81 New Offices (Clear & Create Terrace) 5 days Mon 23/02/15 Fri 27/02/15 9
82 Process Plant Infrastructure 15 days Mon 02/03/15 Fri 20/03/15 81
83 Re-Align Road 10 days Mon 23/03/15 Fri 03/04/15 82
84 In Plant Roads & Storm water 10 days Mon 06/04/15 Fri 17/04/15 83
85 Create Initial ROM Pad 10 days Mon 20/04/15 Fri 01/05/15 84
86 Civil 65 days Mon 02/03/15 Fri 29/05/15

87 Concrete Slabs For New Offices 10 days Mon 02/03/15 Fri 13/03/15 81
88 Concrete Slabs For Process Plant Upper Section 10 days Mon 30/03/15 Fri 10/04/15 78
89 Concrete Slabs For Process Plant Lower Section 10 days Mon 20/04/15 Fri 01/05/15 79
90 Concrete  Slabs For Tank Farm/Thickener 10 days Mon 04/05/15 Fri 15/05/15 80
91 Concrete Plinths & Slabs For Plant Infrastructure 10 days Mon 23/03/15 Fri 03/04/15 82
92 Repair Concrete Sleepers At RHA Dam Pump Station 2 days Mon 06/04/15 Tue 07/04/15 91
93 Concrete Bund For Generator At RHA Dam Pump Station 2 days Wed 08/04/15 Thu 09/04/15 92
94 Build Block Work Buildings At New Office Location 35 days Mon 16/03/15 Fri 01/05/15 87
95 Build Block Work Buildings In Plant Area 25 days Mon 06/04/15 Fri 08/05/15 91
96 Build Block Work Guard Houses (x2) 15 days Mon 11/05/15 Fri 29/05/15 95
97 Structural / Mechanical 61 days Wed 08/04/15 Wed 01/07/15

98 Repair Rails At RHA Dam Pump Station 2 days Wed 08/04/15 Thu 09/04/15 92
99 Install New Pump At RHA Dam Pump Station 2 days Fri 10/04/15 Mon 13/04/15 98,92

100 Install Ancillaries At RHA Dam Pump Station 2 days Mon 11/05/15 Tue 12/05/15 67,99
101 Install New Water Treatment Plant At New Camp 3 days Mon 25/05/15 Wed 27/05/15 59,91
102 Install New Water Treatment Plant At Process Plant 3 days Thu 28/05/15 Mon 01/06/15 59,91,101
103 Convert APT Shipping Containers 30 days Thu 21/05/15 Wed 01/07/15 7FS+5 days,63
104 Install New Dewatering Pump At Shaft 3 days Mon 25/05/15 Wed 27/05/15 58,99
105 Erect Process Plant Fence 20 days Mon 11/05/15 Fri 05/06/15 95
106 Erect New Offices Fence 10 days Thu 18/06/15 Wed 01/07/15 103FF
107 Erect RHA Dam Pump Station Fence 4 days Wed 13/05/15 Mon 18/05/15 131
108 Piping 71 days Mon 23/02/15 Mon 01/06/15

109 Trench Line From RHA Dam To New Camp 8 days Mon 23/02/15 Wed 04/03/15 9
110 Trench Line From RHA Dam To Process Plant 12 days Thu 05/03/15 Fri 20/03/15 109
111 Trench Line From Process Plant To New Offices 3 days Mon 23/03/15 Wed 25/03/15 110
112 Trench Line From Process Plant To New TSF 6 days Thu 26/03/15 Thu 02/04/15 111
113 Install Pipe From RHA Dam To New Camp 5 days Mon 30/03/15 Fri 03/04/15 109,62
114 Install Pipe RHA Dam To Process Plant 10 days Mon 06/04/15 Fri 17/04/15 110,113,62
115 Install Pipe Process Plant To New Offices 5 days Mon 20/04/15 Fri 24/04/15 111,114,62
116 Install Pipe Process Plant To New TSF 5 days Mon 27/04/15 Fri 01/05/15 112,115,62
117 Install Piping At Process Plant 10 days Mon 04/05/15 Fri 15/05/15 116,62
118 Install Piping At New Offices 5 days Mon 18/05/15 Fri 22/05/15 117
119 Install Water Treatment Plant Piping At New Camp 3 days Thu 28/05/15 Mon 01/06/15 101,118
120 Backfill And Compact Trench From RHA Dam To New Camp 5 days Mon 06/04/15 Fri 10/04/15 113
121 Backfill And Compact Trench From RHA Dam To Process Plant 10 days Mon 20/04/15 Fri 01/05/15 120,114
122 Backfill And Compact Trench From Process Plant To New Offices 3 days Mon 04/05/15 Wed 06/05/15 121,115

123 Backfill And Compact Trench From Process Plant To New TSF 5 days Thu 07/05/15 Wed 13/05/15 122,116
124 Electrical 41 days Mon 11/05/15 Mon 06/07/15

125 Install Gensets And Diesel Storage Tank At Process Plant 5 days Mon 25/05/15 Fri 29/05/15 56
126 Connect Power To Process Plant 2 days Mon 01/06/15 Tue 02/06/15 125
127 Install Plant Infrastructure (Block Work Buildings) Cabling And Ancillaries 10 days Wed 03/06/15 Tue 16/06/15 69,126,95

128 Install Plant Infrastructure (Container Conversion) Cabling And 
Ancillaries

10 days Tue 23/06/15 Mon 06/07/15 103FF+3 days

129 Install Cable From Process Plant To New Offices 2 days Mon 11/05/15 Tue 12/05/15 69,130SF
130 Install New Offices Cabling And Ancillaries 10 days Mon 11/05/15 Fri 22/05/15 69,94
131 Install Genset At RHA Dam Pump Station 2 days Mon 11/05/15 Tue 12/05/15 69,99

02/02

06/07

22/05

22/05

13/05

16/02

23/02

13/02

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15 W16 W17 W18 W19 W20 W21 W22 W23 W24 W25 W26 W27 W28
February March April May June July

2015

Task

Split

Milestone

Summary

Project Summary

External Tasks

External Milestone

Inactive Task

Inactive Milestone

Inactive Summary

Manual Task

Duration-only

Manual Summary Rollup

Manual Summary

Start-only

Finish-only

Progress

Deadline

SP0578 – RHA Tungsten Phase 2

Page 1

Project: Trevor 2
Date: Wed 21/01/15



Implementation Report – RHA Tungsten Project Appendices 
  

  January 2015 

Appendix 12 Master Schedule 
 



ID Task 
Mode

Task Name Duration Start Finish

1 Start date TSF and Old Mine 0 days Fri 01/08/14 Fri 01/08/14

2 Start New Mine 0 days Fri 31/10/14 Fri 31/10/14

3 Funding 0 days Fri 07/11/14 Fri 07/11/14

4 Define the concept 20 days Wed 23/07/14 Tue 19/08/14

8 ESIA 120 days Mon 04/08/14 Thu 05/02/15

14 Studies 145 days? Wed 23/07/14 Fri 27/02/15

102 Prepare Open pit report for approval 15 days Thu 22/01/15 Wed 11/02/15

103 Prepare underground mine report for 
approval

15 days Wed 04/02/15 Tue 24/02/15

104

105

106 Regulatory approval 1 day? Wed 23/07/14 Wed 23/07/14

107 Early works 85 days Mon 25/08/14 Wed 07/01/15

113

114

115 Mine 55 days Fri 23/01/15 Fri 10/04/15

116 Place order on Contractor 0 days Fri 23/01/15 Fri 23/01/15

117 Contractor mobilization 3 wks Mon 09/02/15 Fri 27/02/15

118 roads and site preparation 30 days Mon 02/03/15 Fri 10/04/15

119 Start of open pit mining 0 mons Fri 10/04/15 Fri 10/04/15

120

121

122 Processing 110 days Mon 08/12/14 Wed 27/05/15

123 Place order for pant 0 days Mon 08/12/14 Mon 08/12/14

124 Manufacture 19 wks Mon 08/12/14 Wed 06/05/15

125 Transport 1 wk Thu 07/05/15 Wed 13/05/15

126 Commisioning 2 wks Thu 14/05/15 Wed 27/05/15

127

128

129 Tailings storage facility 55 days Fri 13/02/15 Thu 30/04/15

130 Place order on contractor 0 days Fri 13/02/15 Fri 13/02/15

131 Earthworks and drainage 40 days Fri 06/03/15 Thu 30/04/15

132 Power distribution 5 days Fri 24/04/15 Thu 30/04/15

133 Water reticulation 30 days Fri 20/03/15 Thu 30/04/15

134

135 Road upgrade 20 days Wed 04/03/15 Tue 31/03/15

136 Place order on contractor 0 days Wed 04/03/15 Wed 04/03/15

137 road upgrade 4 wks Wed 04/03/15 Tue 31/03/15

138

139

140 Infrastructure 116 days Mon 26/01/15 Mon 06/07/15

141 Procurement 85 days Mon 26/01/15 Fri 22/05/15

142 Place order on CM 0 days Mon 26/01/15 Mon 26/01/15

143 order placement 20 days Mon 02/02/15 Fri 27/02/15

144 supply and fabrication 60 days Fri 13/02/15 Thu 07/05/15

145 delivery 70 days Mon 16/02/15 Fri 22/05/15

146 Construction 106 days Mon 09/02/15 Mon 06/07/15

147 Place order on Earthwork contractor 0 days Mon 09/02/15 Mon 09/02/15

148 earthworks 50 days Mon 23/02/15 Fri 01/05/15

149 civil work 65 days Mon 02/03/15 Fri 29/05/15

150 structural and mechanical 61 days Wed 08/04/15 Wed 01/07/15

151 piping 71 days Mon 23/02/15 Mon 01/06/15

152 electrical 41 days Mon 11/05/15 Mon 06/07/15
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