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1 Summary 

1.1 Introduction 

This Technical Report (the Technical Report) on the Rosh Pinah Property (the Property) has been 

prepared by AMC Consultants Pty Ltd (AMC) on behalf of Trevali Mining Corporation (Trevali) 
headquartered in Vancouver, Canada. The Technical Report has been prepared to a standard in 

accordance with the requirements of National Instrument 43-101, Standards of Disclosure for 
Mineral Projects (NI 43-101), of the Canadian Securities Administrators (CSA) for lodgment on 

CSA’s System for Electronic Document Analysis and Retrieval (SEDAR). 

The Technical report discloses the results of the Rosh Pinah Expansion “RP2.0” (the RP2.0 Expansion 

Project) Pre-Feasibility Study (PFS) which considers the potential for ore production expansion from 

0.7 Mtpa to 1.3 Mtpa. 

Two of the authors of the Technical Report, Mr Andrew Hall of AMC and Ms Louise Lintvelt of DRA 
Projects (Pty) Ltd (DRA), visited the Property in September 2019 and December 2019 respectively. 

All authors of the Technical Report qualify as Independent Qualified Persons (QPs). 

Throughout the Technical Report, measurements are in metric units and currency is in 2020 United 

States dollars (US$), unless otherwise stated. 

1.2 Location, ownership, and history 

The Property is located in southwestern Namibia near the town of Rosh Pinah, 800 km south-west 
of the capital city of Windhoek, and 20 km north of the Orange River at the edge of the Namib 

Desert. The Rosh Pinah mine (Rosh Pinah) has been in operation since 1969 and produces zinc and 
lead sulphide concentrates which are transported via sealed road to Lüderitz, a port on the Namibian 

Coast, and then shipped to international markets. 

Trevali holds a 90% interest in, and is operationally responsible for, Rosh Pinah Zinc Corporation 

(Pty) Ltd (RPZC), the Namibian incorporated (joint venture (JV)) company, which holds a 100% 

interest in the Property. 

RPZC has all the required permits for the planned exploration and mining operations relating to the 

part of the Property where Mineral Resources and Mineral Reserves have been identified. 

The location of Rosh Pinah is shown in Figure 1.1. 
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Figure 1.1 Location of Rosh Pinah 

 
Source: Ezilon.com website 2019. 

1.3 Geology and mineralization 

The Rosh Pinah deposit is hosted by the Rosh Pinah Formation (Hilda Subgroup of the Port Nolloth 

Group), forming part of the Neoproterozoic Gariep Terrane deposited onto a Palaeo-Mesoproterozoic 
basement of granite gneisses and supracrustals. The Gariep Terrane is divided into two distinct 

tectono-stratigraphic sub-terranes; the eastern, para-autochthonous Port Nolloth Group and the 

western, allochthonous Marmora Terrane. 

The base metal sulphides (BMS) at Rosh Pinah are contained within the approximately 30 m thick 

mineralized horizon, which is locally termed the ore equivalent horizon (OEH). In the Property area, 

the Rosh Pinah Formation has been shown to be at least 1,250 m thick. 

The major mineralization types are: 

• Microquartzite and argillite 

• Arkose / breccia 

• Carbonate 

Rosh Pinah Mine
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The Rosh Pinah deposit is hosted by a thick package of turbidites comprising hinterland and 

contemporaneous volcanic clastics deposited in a Neo-Proterozoic rift basin during the early part of 
the evolution of the Gariep Terrane of southern Namibia. Metals scavenged from a primary argillite 

mineralization were concentrated by late hydrothermally driven carbonate alteration, providing a 
carbonate host. Basin inversion led to oblique continental collision and complex deformation of the 

deposit, resulting in two phases of disharmonic overfolding with associated faulting and shearing. 

The deposit is consequently presented as a series of discrete carbonate and exhalite lenses located 

on second-phase fold hinges or steeply plunging fold limbs connected by a partially attenuated 

exhalite-dominated OEH. 

1.4 Exploration and data management 

Regional exploration targets are generated using geophysical methods, mostly ground Fluxgate 

electromagnetic and air magnetics, followed by geochemistry, both soil sampling and rock chip 
sampling, and detailed lithological and structural geological mapping using global positioning 

systems (GPS). Positive targets are followed up by diamond drilling. 

Exploration programs will continue to focus on advancing near-mine exploration targets, while also 

maintaining a necessary level of expenditure on regional programs to make new discoveries in the 
Rosh Pinah area. Exploration underground targets have been outlined for northern and lower 

extensions of the mineralized zones, located directly below the mined Southern lens. 

Diamond drilling is mainly used for surface exploration and underground drilling. The diamond core 

drilling consists of BQ core size for both surface and underground up to 2018. In 2019 the core size 
changed for exploration drilling to NQ sizes for Inferred and Indicated Mineral Resources. Drilling is 

carried out using RPZC crews for underground drilling and contractors for surface drilling. 

Accurate sample marking and core splitting is used, together with careful sample preparation and 

assaying, to ensure the highest quality assay results. The density of core pieces ranging from about 

0.4 m minimum and 1.5 m in length is measured before samples are submitted to the laboratory. 

A standardized logging form ensures consistencies in logging among the geologists and ad hoc 
validations are done by the resident geologist as part of the implemented quality assurance / quality 

control (QA/QC) system. The descriptions in all the fields are regularly reviewed and new 
information is added when appropriate. To ensure consistent geological interpretation, all lithological 

units, alteration, and mineralization assemblages are described in detail in the “Geological Work 

Procedures and Standards” documentation. 

Drill locations for underground holes are marked by the mine Survey Department. Surveyors mark 
the grid lines and azimuth on the tunnel walls. All regional and underground exploration drillholes 

deeper than 100 m are downhole surveyed with a Reflex tool. 

1.5 Mineral Resource estimates 

The Mineral Resource estimates for Rosh Pinah are based on one block model but consist of 
numerous lenses. A total of five lenses were updated for the 2019 year-end disclosure exercise: 

WF3, SOF, SF3, AMINE, and AAB. These are the lenses that had been subject to drilling and mining 

in 2018 and 2019. All other domains remain unchanged from the 2018 Year-End Resource Estimate. 

Two other lenses, EOF (EOF1 and EOF2) and BME were modelled in 2018 and are included in the 

Mineral Resource estimate. The block model was depleted as at 30 June 2020. 
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Mr Rodney Webster MAIG is the QP for reporting of the Mineral Resource estimate. The Mineral 

Resource is reported in accordance with Canadian NI 43-101 Standards of Disclosure for Mineral 
Projects and CIM Definition Standards for Mineral Resources and Mineral Reserves (2014). A 

summary of Mineral Resources at Rosh Pinah as at 30 June 2020 is presented in Table 1.1, above 
a cut-off of 4% ZnEq. Mineral Resources are inclusive of Mineral Reserves. Mineral Resources are 

not Mineral Reserves and do not have demonstrated economic viability. 

Table 1.1 Mineral Resource estimate as at 30 June 2020 

Class Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) ZnEq (%) 

Measured 8.13 7.38 2.11 25.7 9.49 

Indicated 7.97 7.08 1.22 19.8 8.52 

M&I 16.10 7.23 1.67 22.8 9.01 

Inferred 3.43 6.71 1.34 23.2 8.07 

Notes: 

• CIM Definition Standards for Mineral Resources and Mineral Reserves (2014) were used for reporting of Mineral 
Resources. 

• The Mineral Resources are stated inclusive of Mineral Reserves. 
• Mineral Resources are reported at a 4% ZnEq cut-off grade which approximates a Net Smelter Return value of 

US$40/t. 

• Zinc equivalency was estimated as ZnEq = Zn (%) + Pb (%) + [Ag (g/t) * 0.028)]. 
• Effective date of Mineral Resources is 30 June 2020. 

• The QP for the Mineral Resource estimate is Mr Rodney Webster, MAIG, of AMC. 
• Totals may not compute exactly due to rounding. 
• Mineral Resources are stated on a 100% ownership basis. 

The QP is not aware of any known environmental, permitting, legal, title, taxation, socioeconomic, 

marketing, political, or other similar factors that could materially affect the stated Mineral Resource 

estimates. 

1.6 Mineral Reserve estimates 

To convert Mineral Resources to Mineral Reserves, mining cut-off grades were applied, mining 

dilution was added, and mining recovery factors were assessed. Only Measured and Indicated 

Mineral Resources were used for Mineral Reserve estimation. 

Mr Andrew Hall of AMC is the QP for reporting of the Mineral Reserve estimate. The Mineral Reserve 
is reported in accordance with Canadian NI 43-101 Standards of Disclosure for Mineral Projects and 

CIM Definition Standards for Mineral Resources and Mineral Reserves (2014). 

The Mineral Reserve estimate is reported above a projected full breakeven Net Smelter Return 

(NSR) cut-off value of US$50/t as shown in Table 1.2. 
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Table 1.2 Mineral Reserve estimate as at 30 June 2020 

Classification Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Zn (kt) Pb (kt) Ag (‘000 oz) 

Proven 4.24 7.32 1.99 23.7 310 84 3,221 

Probable 6.99 5.62 0.93 16.2 395 65 3,671 

Total 11.23 6.26 1.33 19.0 705 149 6,892 

Notes: 

• CIM Definition Standards for Mineral Resources and Mineral Reserves (2014) were used for reporting of Mineral 
Reserves. 

• Mineral Reserves were estimated at a full breakeven NSR cut-off value of US$50 per tonne. 
• NSR values were calculated based on average metal prices of US$1.11/lb Zn, US$0.93/lb Pb, and US$19.81/oz Ag. 
• The average processing recoveries used were 88.0% for zinc, 65.8% for lead, and 43.5% for silver. 

• Dilution (Inferred and unclassified material set to zero grade) assumed as a minimum of 1.0 m on each hangingwall 
and 0.5 m on each footwall. 

• Mining recovery factors assumed as a minimum of 95%. 
• Mineral Reserves are reported based on mined ore delivered to the plant as mill feed. 
• The average exchange rate used was N$16.69 = US$1.00. 

• Effective date of Mineral Reserves is 30 June 2020. 
• The QP for the Mineral Reserve estimate is Mr Andrew Hall, MAusIMM (CP), of AMC. 

• Rounding of some figures may lead to minor discrepancies in totals. 
• Mineral Reserves are stated on a 100% ownership basis. 

The QP is not aware of any mining, metallurgical, infrastructure, permitting, or other issues above 
those discussed in the Technical Report that could materially affect the stated Mineral Reserve 

estimates. 

1.7 Mining 

1.7.1 Geotechnical considerations 

The geotechnical assessment included geotechnical design parameters, open stope stability 
analysis, and support design for both lateral and vertical development based on core logging, 

historical laboratory test data and underground mapping data completed by RPZC. 

Geotechnical drillholes have been geotechnically logged using the 1989 (RMR89) logging system. 

Jn, Ja, and Jr values (joint number, joint alteration, joint roughness) were derived from the Rosh 
Pinah geotechnical drillhole database and used to calculate values for Barton’s Q system. Other rock 

mass codes (MRMR and GSI) were also calculated in the database using empirical relationships. 
Barton’s Q’ values were weighted using 0.2 m intervals generated using the composite feature in 

Leapfrog® GEO software. 

Assessment of open stope stability was undertaken using the empirical modified stability graph 

method (after Villaescusa 2014 and Potvin 1988). Stope dimensions were analysed to evaluate the 
stability of the footwall / hangingwall and backs in respect to stope inclination and rock mass 

classification for the proposed stope dimensions. 

The Potvin (1988) method uses the Modified Stability Number (N’), which is plotted against hydraulic 

radius on stability graphs to project stable, transitional or caving stope dimensions. The hydraulic 
radius values for the 20 m x 25 m x 60 m high stopes are plotted against the N’ stability number in 

Figure 1.2. The crown and almost all the walls plot in the stable zone, although the worst-case N’ 

values for the south-east endwall plots in the transitional zone. 
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Figure 1.2 20 m x 25 m x 60 m high stope footprint stability charts 

 

  

Source: Hutchinson, D.J. & Diedrichs, M.S. 1996. 
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The equivalent linear over-break slough (ELOS) method (after Clark & Pakalnis 1997) was used to 

estimate an average overbreak across the wall or back of the stope based on the proposed stoping 

dimensions using empirical stability charts. 

The analysis of a 20 m x 25 m x 60 m high stope void indicated that the ELOS will be less than 

0.5 m for both the stope crown and sidewalls as shown in Figure 1.3. 

Figure 1.3 ELOS plots for proposed Primary and Secondary stope voids 

 
Source: Clark, L. M. & Palkalnis, R. C. 1997. 

Stope dimensions of 30 m high with 20 m (along strike) by 25 m backs were, in general, adopted 

for the PFS. 

Ground support requirements were defined using the empirical design chart method which has been 
modified from Grimstad and Barton (1973). Q’ values were plotted against the drive span and the 

excavation support ratios (ESR). The recommended minimum ground support requirements for 

underground development are defined in Table 1.3 and Table 1.4. 

Table 1.3 Recommended ground support design for 5 m span 

Lithology Q’ value 
Support category 

(Figure 16.14) 

Rock bolt 

length (m) 

Bolt spacing 

(m) 
Surface support 

Arkose 42 Category 1 2.4 m 3.0 m 
Although not included in the 

design chart, installing mesh to 
control rockfall hazards as a good 

practice is recommended. 

Microquartzite 32 Category 1 2.4 m 2.8 m 

Carbonate 46 Category 1 2.4 m 3.1 m 

Breccia 35 Category 1 2.4 m 2.8 m 

Argillite 2.2 Category 3 2.4 m 1.8 m 60 mm of fibrecrete, or mesh 
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Table 1.4 Recommended ground support design for 6 m span 

Lithology 
Support category 

(Figure 16.14) 

Roof bolts 

Surface support Length 

(m) 

Spacing 

(m) 

Microquartzite Category 1 2.4 m 2.7 m 

Although not included in the design chart, installing 

mesh or 50 mm of fibrecrete on the backs and 

shoulders to control rockfall hazards is recommended. 

Argillite / faults Category 3 2.4 m 1.8 m Mesh or 50 mm of fibre reinforced concrete 

Rosh Pinah is a relatively dry mine and operating experience to date indicates that minimal 

groundwater inflows are expected outside of mining activities. Further hydrogeological 

investigations are planned to be undertaken as part of the feasibility study. 

1.7.2 Underground mining methods 

The current mining method used at Rosh Pinah is longhole open stoping (LHOS) without backfill 
mining Primary, Secondary and, where appropriate, Tertiary stopes, in an underhand (top-down) 

extraction sequence. Mining without backfill since 1969 has resulted in significant voids within the 

historical and currently mined areas. 

Ore is sourced from five steeply-dipping mineralized zones, with an increasing proportion derived 

from the Western Orefield (WF3), as the Eastern Orefield (EOF), and the Southern and Central 

Orefields (SF3, SOF, and BME) are depleted. 

Access to the production areas is via multiple interconnecting declines that provide fresh air intake 

into the mine. 

AMC’s Hill of ValueTM (HoV) Strategy Optimization process was used to establish the following 

preferred operating parameters for the Rosh Pinah underground mine: 

• Increase the NSR cut-off to US$80/t. 

• Increase ore production to 1.3 Mtpa (from the current 0.7 Mtpa) based on the Mineral Reserve 

only. The QP notes that some Inferred Mineral Resource material was included in the HoV 
analysis but does not consider that it materially affects the recommendation to increase ore 

production to 1.3 Mtpa. 

• Expand the processing infrastructure to match the increase in mine production. 

• Transition the current mining method (LHOS without backfill) to LHOS with paste fill to 
facilitate tight filling of stope voids with (bottom-up) extraction in either an inverted echelon 

(advancing front) or Primary, Secondary sequence. 

• Use cemented paste fill within the mining cycle to improve regional and local stability, increase 

resource recovery and reduce the quantity of tailings directed to the tailings storage facility 

(TSF). 

• Develop a dedicated trucking decline from the WF3 zone to surface to support the increased 

ore production. 

The proposed mining method with the inclusion of paste fill has the advantages of higher production, 
improved local and regional stability, improved mining recovery, reduced dilution and reduced 

tailings being pumped to the TSF. The extraction sequence will be, where practical, to mine from 
the centre to the strike extents of each level in an overhand (bottom-up) method. Each stope will 

be mined and backfilled with paste fill before mining the next stope in the sequence. 
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Mineable Shape Optimizer (MSO) software was used to produce stope shapes based on a full 

breakeven US$50/t cut-off value and practical design criteria. Only stope shapes with an average 

NSR value greater than the cut-off value were considered for the PFS mine design. 

There are two main sources of dilution in the mining of open stopes: 

• Planned dilution, which is the dilution required to achieve a practical stope shape and can 

include waste to conform with the minimum mining width. 

• Unplanned dilution, which is the dilution that is outside of the planned stope shape and is 

predominantly due to overbreak associated with blasting practices and geotechnical 

conditions. 

The stope shapes developed were inclusive of the planned and unplanned dilution required to extract 
the mineralized material. The hangingwall and footwall dilution skins applied were 1.0 m and 0.5 m 

respectively. 

In addition, an operational dilution factor was applied to allow for paste exposures and floor dilution. 

Due to inefficiencies in mining recovery from the stopes, small amounts of mineralized material may 
also be lost during the final stope cleanout, and additional minor losses may occur in transit from 

the stopes to the processing plant. Hence, a mining recovery factor was applied to account for these 

losses. 

The dilution and mining recovery estimates applied within the mine design and schedule are shown 

in Table 1.5. 

Table 1.5 Average dilution and mining recovery estimates 

Mining method 
Planned 

dilution 

Unplanned 

dilution 

Operational 

dilution 

Mining 

recovery 
Comment 

LHOS without backfill 18.1% 7.0% 4.9% 85% 

Weighted average mining recovery of 

Primary (94%), Secondary (84%), and 
Tertiary stopes (55%) 

LHOS with paste backfill 16.8% 5.3% 4.3% 95% Average mining recovery of all stopes 

Figure 1.4 shows an isometric view of the Rosh Pinah mine, including the historical workings and 

the PFS mine design coloured by average stope NSR value. 
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Figure 1.4 Isometric view showing the PFS mine design 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

Significant underground mine access and infrastructure exists. As Rosh Pinah expands, extensions 

of the dewatering, power distribution, compressed air, communications, ventilation, and egress 

network will be required. 

The mine is considered to be relatively dry, with the principal source of water being groundwater 
inflow (variable quantities based on structural interactions and depth) and service water from the 

development fleet and production activities. 

In consultation with RPZC, it was determined that the most economical configuration for effective 

dewatering will be an extension of the current dewatering approach, which uses underground sumps 
and a staged pumping system. The rising main infrastructure will be extended as the mine 

progresses deeper. 

Average total pumping rates are expected to be 20 to 22 L/s. Pumping skids of similar capacity to 

the existing Warman DWU series are required to maintain this dewatering rate. The total maximum 
expected groundwater inflow to the mine is 17 L/s within WF3. Provisions have also been made for 

service water handling. Service water will be produced from all drilling machines and for dust 
suppression following blasting and mucking. The contribution from service water is expected to be 

less than 5 L/s and is small in comparison to the groundwater inflows. 

Power is currently supplied to the underground mine via two independent feeds. Each feed consists 
of 2 x 150 mm2 cables at 3.3 kV, with a total capacity of 5.9 MW (limited by breaker settings). Each 

feed is capable of 4.2 MW with modified breaker settings. This system is fully redundant as the 
current draw of the mine is below this level. Both feeds and all associated switchgear are rated for 

11 kV but are currently running at 3.3 kV. The expansion of the mine will require extension of the 
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existing system into the new mining areas. The calculated peak electrical load of the mine for the 

RP2.0 Expansion Project is approximately 6 MW. Line losses on the existing 3.3 kV feeds to the 
underground mine are high due to their lengths. It is proposed to change the feeds to 11 kV and 

each feeder will have a 11/3.3 kV transformer installed near the point of utilization to minimize 

voltage drop and maintain the use of existing 3.3 kV equipment to the greatest practical extent. 

The function of the underground mine ventilation system is to dilute or remove airborne dust, diesel 
emissions and explosive gases, and to maintain temperatures at levels necessary to ensure safe 

production throughout the life of the mine. The ventilation system has been designed to meet the 

requirements of Namibian Regulations and industry best practices. 

The current underground operations ventilation system includes four exhaust sections, comprising 
three primary fans installations, one for each mine area (eastern, southern, and western) and one 

associated with the main ore conveyor (Krupp infrastructure). Intake air is via a series of mine 
portals, with distribution via the ramp / decline network and internal raises. Active working areas 

are ventilated using auxiliary fans. The new trucking decline, upon completion, will act as an 
additional fresh air intake and will connect to the fresh air circuit within WF3. To prevent short 

circuiting with the existing underground network, an airlock set of ventilation doors (or similar) will 
be constructed in the interconnecting accesses. An additional surface and internal return air raise 

(RAR) (4.5 m diameter) within the WF3 mine area network will need to be constructed. A total 

airflow of 752 m³/s is planned for the LOM. 

Paste backfill was selected for Rosh Pinah as it improves both the safety conditions and economics. 
Paste filling the stopes rather than leaving them void will improve ground stability, increase recovery 

of the Mineral Resource, and reduce dilution. Paste backfill can be tightly controlled, it requires 
minimal interference with other mining activities, and provides fast filling rates to reduce stope cycle 

times. Paste fill will be produced from dewatered tailings mixed with cementitious binder and 
make-up water to the target density. The online paste fill system will involve the construction of a 

paste fill plant that uses the tailings stream pumped directly from the processing plant. A paste fill 
plant operating at approximately 80 m3/hr will provide the necessary yearly backfill demand of the 

RP2.0 Expansion Project (approximately 0.4 Mm3) with a plant utilization rate of 65%. 

Laboratory-scale test work has been completed to enable design of paste mixes in accordance with 

strength and reticulation requirements. The test work showed Rosh Pinah tailings have a solids SG 
of 3.06 t/m3 with cumulative size distributions suitable for producing a paste fill. The test program 

undertaken demonstrated very good strengths being achieved. Paste fill design strengths and 

cement additions for vertical exposures of the Rosh Pinah stopes are presented Table 1.6. 

Table 1.6 Paste fill design strengths for vertical exposures 

No. of vertical exposures per stope 1 2 3 

Strength (kPa) 400 500 600 

Cement w/w % 3.4% 3.8% 4.2% 

1.7.3 Mine schedule 

The mine physical schedule was prepared based on all mining activities being undertaken by RPZC, 
with expansion of the workforce and mobile fleet to match the increase in ore production to 

1.3 Mtpa. Higher value stopes (above the optimal cut-off) were prioritized over lower value (above 

full breakeven cut-off) stopes, whilst maintaining mining sequence and geotechnical constraints. 

The annual mine physical schedule is summarized in Table 1.7 and Figure 1.5. 
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Table 1.7 Rosh Pinah annual mine physical schedule 

Description Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Ore mined kt 348 709 685 1,279 1,292 1,355 1,310 1,323 1,309 1,303 320 11,232 

Zn % 6.68 6.75 6.85 5.94 6.57 7.19 7.21 6.59 5.70 4.59 4.08 6.26 

Pb % 1.19 1.83 2.06 1.83 1.90 0.95 0.98 1.20 1.11 0.95 0.64 1.33 

Fe % 4.02 4.76 4.84 4.04 4.15 6.72 6.47 6.33 5.07 5.19 5.37 5.31 

Cu % 0.09 0.18 0.26 0.18 0.18 0.25 0.25 0.21 0.16 0.11 0.13 0.19 

Ag g/t 22.5 27.2 25.5 19.4 20.4 16.3 14.3 18.8 19.5 18.2 11.9 19.0 

Au g/t 0.01 0.07 0.13 0.13 0.12 0.02 0.03 0.02 0.02 0.02 0.02 0.06 

Mg % 1.11 2.28 2.57 2.69 2.31 2.60 3.10 2.97 2.45 1.57 1.56 2.45 

Mn % 0.26 0.41 0.41 0.39 0.39 0.36 0.40 0.39 0.33 0.28 0.27 0.36 

NSR US$/t 112 125 132 110 121 111 112 107 93 75 61 106 

Fe:Zn ratio 0.59 0.70 0.71 0.68 0.63 0.92 0.86 0.94 0.87 1.11 1.25 0.84 

Note: The 2020 mine physicals represent 6 months of production from 1 July. 

Figure 1.5 Rosh Pinah annual ore production schedule with Pb and Zn grades 

 
Source: AMC 2020. 

1.8 Metallurgy and mineral processing 

The current Rosh Pinah concentrator utilizes a conventional three-stage crushing and ball milling 
circuit followed by flotation. Future ore production will predominantly originate from the Western 

Orefield and consequently this ore has been the primary focus in metallurgical test work conducted 

for the PFS. 

The key aspects of the concentrator plant design for the PFS, at the higher 1.3 Mtpa throughput, 
include primary crushing upgrades, installation of a new single stage SAG mill circuit, and a number 

of other circuit modifications to provide increased flotation, thickening, filtration, and pumping 
capacity. In addition to this the flowsheet also includes several flowsheet modifications aimed at 

improving both the lead concentrate grade and metal recoveries. 
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A crushing circuit trade-off study was conducted to select the preferred circuit for the RP2.0 

Expansion Project, based on a variety of criteria. The selected circuit includes a new surface crushing 
station with blending system to supplement the existing underground crushing and blending system. 

Ore from the Eastern Orefield would be crushed underground and conveyed to surface while ore 
from the Western Orefield would be trucked to surface and processed in the new surface crusher 

station. 

Figure 1.6 provides a high-level summary of the RP2.0 Expansion Project process flowsheet. 

Figure 1.6 Simplified flowsheet for the RP2.0 Expansion Project 

 
Source: DRA 2020. 

Comminution variability test work was conducted on approximately 920 kg of rock samples 
representing the carbonate, breccia and microquartzite ores from the Western Orefield. The 

comminution test work provided sufficient data to derive SAG mill, ball mill and Vertimill design 
parameters. The comminution variability test work confirmed the previous test work findings, 

indicating that the plant feed can be characterized as being of medium (carbonate and breccia) to 
medium-hard (microquartzite) hardness. The abrasion index (Ai) indicated that the ore can be 

classified as having a medium (carbonate and breccia) to high (microquartzite) abrasion tendency. 

Flotation test work was conducted on approximately 629 kg of rock samples and 57 kg of ¼ drill 

core samples representing microquartzite, carbonate, and arkose samples from the Western, 
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Eastern, and Southern Orefields. Most of the samples tested were from the Western Orefield. Bench 

scale, batch open circuit and locked cycle flotation test work was performed to confirm the optimal 
primary grind and flowsheet configuration. This development work indicated that a finer primary 
grind of 80% passing 90 µm in combination with flowsheet improvements aimed at reducing the 

zinc cleaner circulating load allowed for improvements in both lead and zinc recovery and lead 

concentrate grade. 

Locked cycle variability test work on mineralized ore blends has been concluded in a bid to quantify 

the expected recovery ranges and highlight the degree of variability that can be expected. This 
locked cycle flotation test work achieved lead recoveries in the range 68% to 88% at a concentrate 

grade range of 32% to 60%. During the locked cycle tests zinc recoveries in the range 89% to 96% 

were achieved, with a final zinc concentrate grade ranging between 47% and 56%. 

Jameson Cell pilot test work has shown that it is possible to produce a zinc cleaner scalper 
concentrate with a zinc grade of 50%, with zinc recovery ranging from 55% to 60%, in a single 

stage, when treating a rougher concentrate with a grade of 28% to 30% zinc. 

Metallurgical performance projections have been derived using discounted locked cycle test results 

in combination with Rosh Pinah operational performance data. Experience has shown that for RPZC 
samples, laboratory bench-scale flotation performance is better than that achieved for full scale 

operations. For this reason, a discount was applied to the laboratory locked cycle test data. A 

comparison of the discounted locked cycle test data relative to the 2019 / 2020 baseline operational 

data has indicated that a zinc recovery benefit of 3.5% to 4.1% can be achieved, post 
commissioning, ramp-up and optimization. Similarly, a lead recovery benefit of 0.6% to 0.7% is 

expected. 

Based on the test work data it is expected that an average zinc concentrate grade of 49% to 50% 

can be achieved, which is similar to the 2019 / 2020 operational data. 

The test work has shown the potential for a 3.5% improvement in lead concentrate grade relative 

to the 2019 / 2020 baseline operational data. 

1.9 Project infrastructure 

Rosh Pinah is accessible via sealed roads from Windhoek 800 km to the north and from the South 
African border in the south. The closest commercial airport is located at Oranjemund approximately 

105 km south-west of Rosh Pinah, and the nearest railhead is located at Aus on the 

Lüderitz - Keetmanshoop line, both are accessible by sealed road. 

The Property is adjacent to the town of Rosh Pinah, where most employees of Rosh Pinah reside. 
The necessary infrastructure to support the current operations is in place including security, 

accommodation, catering, engineering and administration buildings, change facilities, mine 
ventilation, main power sub-station, mine rescue, water supply, compressed air, underground 

dewatering, sewage treatment, explosives magazines, water treatment plant, maintenance / repair 
facilities, storage, laboratory, communications, fuel farm, fire prevention, waste rock dump, and 

TSF. 

The existing mine administration facilities are envisaged to be adequate to support the RP2.0 

Expansion Project, with only minor upgrades required. The major infrastructure requirements are 

described below. 

The Rosh Pinah TSF is operated by a South African contractor, Fraser Alexander Tailings (FAT). 
Tailings slurry from the processing plant is pumped via a pipeline to the TSF and distributed for 

deposition by means of a ring feed system. The introduction of the LHOS with paste fill mining 
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method is projected to reduce the quantity of tailings directed to the TSF over the mine life. Upon 

commissioning of the paste fill plant, increasing quantities of tailings can be placed underground in 
either production voids as part of the mining production cycle or within designated historical voids, 

to reduce tailings quantities to the TSF by approximately 6.9 Mtpa over the LOM. Consequently, a 

minor expansion to the existing TSF will be required. 

Klohn Crippen Berger Ltd (KCB) completed a dam safety assurance assessment on the Rosh Pinah 
TSF in May 2019. The key findings of this assessment were that the TSF was generally well managed 

and there were no signs of distress, and the stability of the TSF was adequate. The assessment 
identified the requirement for a number of corrective actions and suggested improvements which 

are being addressed by RPCZ in accordance with Trevali’s overall tailings dam assurance process. 

The paste fill plant uses the total tailings stream pumped directly from the processing plant. The 

tailings are thickened before further dewatering by vacuum filtration to produce a filter cake. The 
filter cake is transferred to a continuous mixer with the addition of binder and water to produce a 

paste fill as per design specifications. Tailings will be reclaimed from the TSF to supplement the 

direct tailings feed to the paste plant if required. Figure 1.7 illustrates the paste fill plant process. 

Figure 1.7 Paste fill plant process flow diagram 

 
Source: DRA 2020. 
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When paste fill is required underground, tailings will be directed from the processing plant to the 

paste plant. The paste plant operator will select the paste fill recipe specified for the stope void, 
including density, cementitious binder dosing rate and delivery rate. Bulk cement will be stored in 

a steel silo from where it is delivered to the mixer. 

The mine power is directly supplied from NamPower (national power utility company of Namibia) 

utility through its grid system. The mine has a reserved capacity of 7.95 mega volt amperes (MVA) 
(approximately 2.1 MVA is reserved for the Sendelingsdrif diamond mine on an offtake agreement). 

The current demand of approximately 7.2 MVA is fed via two identical 5 MVA transformers. 
Approximately 3.1 MVA supplies the processing plant with the rest supplied to the mine, 

predominately for ventilation. The peak power design load of Rosh Pinah is estimated to increase to 

15 MW. To meet the power demands of the RP2.0 Expansion Project, two 25 MW, 66 kV / 11 kV 

Power Transformers will be installed in a running / standby configuration. A new 11 kV Distribution 
Substation will be sized with spare space so that all the 3.3 kV loads can eventually be moved to 

11 kV. The transformers will be oversized due to the high ambient temperatures at the site. 

Water for Rosh Pinah is sourced from the Orange River by the Namibia Water Corporation 

(NamWater) via approximately 20 km of pipeline. The PFS estimate indicates the total raw water 

supply requirement from the Orange River to be 182 m3/h, as follows: 

• Processing plant raw water consumption of 145 m3/h based on an estimated water 
consumption of 0.90 m3/t milled. It is however noted that this can potentially be reduced with 

the inclusion of water treatment. This is to be evaluated in more detail in the next study phase. 

• Underground mine raw water consumption of 21 m3/h. 

• Rosh Pinah town raw water consumption of 16 m3/h. 

At the estimated future consumption rate (without inclusion of water treatment), the existing raw 

water supply from the Orange River will have to be supplemented with a new secondary supply 

from the Skorpion Zinc raw water supply pipeline. 

1.10 Concentrate contracts 

Trevali has LOM concentrate offtake agreements in place with Glencore International PLC (Glencore) 

for all zinc and lead concentrate at International Benchmark terms, that is, average London Metal 
Exchange (LME) pricing in a future month nominated at the time of shipment and smelter charges 

based on the industry annual negotiations between third party smelting and mining groups. 

1.11 Environmental 

RPZC has all the required permits for its operations on the Property. The existing mining permits 
cover all the active mining areas and, in conjunction with environmental certificates, give RPZC the 

right to carry out full mining and mineral processing operations. 

An independent third-party review found no evidence of environmental issues that could materially 

impact the ability to extract the Mineral Resources or Mineral Reserves at RPZC (ASEC 2020). 

There are no health and safety risks at Rosh Pinah beyond those that would normally be anticipated 

at a well-run mining operation. 
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1.12 Capital and operating costs 

The capital and operating cost estimates have been based on an exchange rate of Namibian dollar 

(N$) or South African Rand (ZAR) of 16.69 : US$1.00. 

Cost estimates have, in general, been prepared from first principles with an estimation accuracy of 

within ±20 to 25%. 

The total capital cost estimate for the PFS is US$231.8M, inclusive of US$57.8M for the processing 

plant upgrade to 1.3 Mtpa capacity. Other significant infrastructure capital costs include: 

• Paste fill plant and reticulation - US$22.2M 

• TSF expansion - US$4.4M 

• Primary exhaust fan - US$1.3M. 

Project capital includes all infrastructure capital costs associated with the RP2.0 Expansion Project 

between 2021 and 2023. Sustaining and other capital costs include all non-infrastructure capital, 
and other capital expenditure post 2023 (excluding mine closure capital) The processing plant 

capital cost estimate includes a contingency of 9.7%, and the TSF expansion and other 

infrastructure project capital cost estimates include a contingency of 15%. 

The total capital expenditure is summarized in Table 1.8. 

Table 1.8 Total capital cost estimate 

Item Unit Project Sustaining and other Total1 

Infrastructure US$M 93.0 15.8 108.8 

Exploration US$M 0.0 17.0 17.0 

Lateral development US$M 0.0 29.1 29.1 

Vertical development US$M 0.0 2.9 2.9 

Materials handling US$M 0.0 11.0 11.0 

Mobile equipment US$M 0.0 55.8 55.8 

Subtotal 1 US$M 93.0 131.6 224.6 

Mine closure US$M - - 7.1 

Total 1 US$M 93.0 131.6 231.8 

Note: 1 Differences due to rounding. 

The average LOM site operating cost estimate for the PFS is US$40.9/t ore as presented in Table 

1.9. 

Table 1.9 Site operating cost estimate 

Item Total LOM cost (US$M) Average LOM unit cost (US$/tonne ore) 

Mining operating costs 287.3 25.6 

Processing operating costs 102.8 9.2 

G&A 69.0 6.1 

Site operating cost 1 459.1 40.9 

Note: 1 Differences due to rounding. 
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1.13 Net smelter return parameters 

The key parameters used to calculate the NSR are summarized in Table 1.10. 

Table 1.10 NSR calculation parameters 

Parameter field Unit Average parameter value 

Zinc price US$/lb 1.11 

Lead price US$/lb 0.93 

Silver price US$/oz 19.81 

Zinc recovery % 88.0 

Lead recovery % 65.8 

Silver recovery % 43.5 

Zinc concentrate grade % 50.0 

Lead concentrate grade % 50.5 

Silver in Lead concentrate grade g/t 439.3 

Zinc concentrate treatment and refining charge US$/dmt 204.8 

Lead concentrate treatment and refining charge US$/dmt 119.1 

Concentrate ocean freight US$/wmt 60.0 

Silver refining cost US$/oz 1.1 

Zinc concentrate moisture % 8.0 

Lead concentrate moisture % 6.0 

Zinc payable % 85.0 

Lead payable % 95.0 

Silver payable % 95.0 

Zinc deduction in zinc concentrate (%) 8.0 

Lead deduction in lead concentrate (%) 3.0 

Silver deduction in lead concentrate  (g/dmt) 50.0 

Full breakeven NSR cut-off value US$/t 50.0 

The Mineral Reserve and RP2.0 Expansion Project economics were assessed using the metal prices 

shown in Table 1.10 which were selected after discussion with Trevali and referencing current 
market and recent historical prices, values used in other recent NI 43-101 reports, and available 

consensus forecast information. The QP considers the metal prices selected to be reasonable. 

1.14 Economic evaluation 

A pre-tax and post-tax (including depreciation) economic assessment for the PFS has been 
conducted. For NPV estimation, all costs and revenues were discounted at 8% from the base date 

(Q3 2020). A corporate tax rate of 37.5% was assumed. 

Over an 11-year (calendar years) operating life, the RP2.0 Expansion Project is projected to 

generate a pre-tax NPV of US$234M at an 8% discount rate, and a post-tax NPV of US$142M with 
an IRR of 65%, although this must be viewed in the context that significant portions of the cash 

flow are due to existing operations without significant initial capital investment contemplated. 

Annual capital and operating costs, revenues, and cumulative pre-tax cash flow by year are shown 

in Figure 1.8. 
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Figure 1.8 Capital and operating costs, revenues, and cumulative pre-tax cash flow 

 
Source: AMC 2020. 

Sensitivity analysis was conducted to evaluate the robustness against variations of ±30% in capital 
and operating costs, metallurgical recoveries, metal prices and grades, and exchange rate. An 

increase in discount rate to 10% was also evaluated. 

The economics of Rosh Pinah are most sensitive to the zinc price, followed by the N$/ZAR:US$ 

exchange rate and zinc grade. Rosh Pinah is progressively less sensitive to operating costs, 
metallurgical recoveries, the lead grade and price, capital costs, and the silver grade and price as 

shown in Figure 1.9 and Table 1.11. 
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Figure 1.9 Economic sensitivity analysis – pre-tax NPV at 8% discount rate 

 
Source: AMC 2020. 

Table 1.11 Economic sensitivity analysis – pre-tax NPV at 8% discount rate 

Unit Value Unit Pre-tax NPV (US$M) 

Base case NPV (pre-tax) @ 8% - - 233.7 

NPV (pre-tax) @ 10% - - 207.5 

Zn Price - decrease of 30% 1,716 US$/t -13.8 

Zn Price - increase of 30% 3,187 US$/t 481.2 

Pb Price - decrease of 30% 1,434 US$/t 194.9 

Pb Price - increase of 30% 2,663 US$/t 272.4 

Ag Price - decrease of 30% 13.9 US$/oz 223.1 

Ag Price - increase of 30% 25.8 US$/oz 244.3 

N$:US$ - decrease of 30% 11.7 - 25.8 

N$:US$ - increase of 30% 21.7 - 345.6 

Zn Grade - decrease of 30% 4.4 % 34.7 

Zn Grade - increase of 30% 8.2 % 442.1 

Pb Grade - decrease of 30% 0.9 % 189.3 

Pb Grade - increase of 30% 1.7 % 279.1 

Ag Grade - decrease of 30% 13.4 g/t 222.5 

Ag Grade - increase of 30% 24.8 g/t 244.9 

Total project capital cost - decrease of 30% 65 US$M 258.1 

Total project capital cost - increase of 30% 121 US$M 209.2 

Total sustaining and other capital cost - decrease of 30% 92 US$M 264.8 

Total sustaining and other capital cost - increase of 30% 171 US$M 202.6 

Total site operating cost - decrease of 30% 321 US$M 329.4 

Total site operating cost - increase of 30% 597 US$M 138.0 

Metallurgical recovery – decrease of 10% - - 159.3 

Metallurgical recovery – increase of 10% - - 308.0 
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1.15 Interpretations and conclusions 

Rosh Pinah is a successfully operating underground mine and is projected to continue until 2030 
based on currently available Mineral Reserves. The Property is highly prospective with significant 

exploration upside potential. 

The economic analysis clearly indicates that the RP2.0 Expansion Project has the potential to provide 

good economic returns and that further feasibility study work, including associated infill and 

exploration drilling and test work programs, is warranted. 

The key RP2.0 Expansion Project risks and controls identified include: 

• Delays to obtaining the necessary licencing and permitting. RPZC is working closely with 

government agencies to ensure permitting is received by the required dates with no major 

issues identified. 

• The risk of higher dilution and lower mining recovery, particularly where associated with 
mining adjacent to voids within remnant areas. The technical services department has 

instigated good stope reconciliation practices and the dilution parameters used in the PFS are 

considered reasonable. 

• Lack of available power within the existing or expanded operation. Upgrades to the power 

supply are planned and the requirements will be assessed in more detail in future studies. 

• Underestimation of dewatering requirements. Mining is currently undertaken in the zones to 

be mined and additional hydrogeological studies are planned. 

• Deterioration in ground conditions encountered as the depth of mining increases affecting 
development and mining rates. Mining is currently undertaken in the areas to be mined and 

additional geotechnical studies are planned. 

• Increased complexity of mining (including ventilation and dewatering) and interaction of 

mobile fleet (congestion) with increasing reliance on production sourced from the WF3 zone. 

Further and more detailed mine design and scheduling is planned. 

• Full scale processing operations may be unable to achieve the bench-scale laboratory results 
due to laboratory specific factors and / or due to operational factors. Mitigation measures to 

be developed include appropriate process controls systems and optimization work. 

• Capital and operating costs could be higher than estimated in the PFS with an adverse impact 

on economic viability. Sensitivity analysis has indicted the RP2.0 Expansion Project is robust 

and more detailed cost estimates are to be prepared as part of the planned feasibility study. 

• Delay in the RP2.0 Expansion Project infrastructure construction and commissioning including 
the processing plant, the paste backfill plant, and the new surface decline, portal and materials 

handling system. A project execution schedule will be prepared that reflects the work required 

from feasibility study through to detailed engineering, construction, and commissioning. 

• Delay in paste backfill plant commissioning, inability to utilize spare capacity for placement of 
paste fill underground within historic voids, or inability to reclaim tailings from the existing 

TSF, will necessitate a major extension of the TSF. More detailed feasibility assessment of the 

paste fill plant and TSF extension is planned. 

• Dust is considered an environmental risk that requires ongoing monitoring and management. 
RPZC has implemented monitoring and substantial mitigation measures (primarily related to 

the TSF including placing rock cladding, adding polymers and keeping the top wet) to reduce 
dust. There has been a reduction of particulate matter levels at the mine (within the 

concentrate storage area and crusher) and, a reduction of dust by 97% within the town of 

Rosh Pinah as a result of the reduction from the TSF. This work is ongoing. 

• The Property is located in a region that is subject to drought and there is potential for future 

water scarcity. Actions taken to reduce the water scarcity risk include working with other 
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catchment based stakeholders to identify alternative water sources (groundwater and 

retreating mine water), including a new secondary supply from the Skorpion Zinc raw water 
supply pipeline, rather than drawing this from the Orange River, and water use reduction 

measures incorporated into the processing plant expansion and the implementation of paste 

backfill. 

• The upgrade to the concentrator and the addition of advanced control systems will require 
greater involvement from the RPZC instrumentation and control engineers. Training, and 

possibly additional resources, will be required. 

The key opportunities identified for the RP2.0 Expansion Project include: 

• Significant exploration potential exists within the Property with a number of high priority drill 

targets identified to delineate additional Mineral Resources. 

• Inferred Mineral Resources have the potential to be converted to Indicated and Measured 

Mineral Resources via additional infill drilling work. 

• The economics of Rosh Pinah could be improved if additional infill drilling enables the 

conversion of a portion of the Inferred Mineral Resource to Mineral Reserve, above the 

strategically optimal cut-off value of US$80/t, thereby enabling higher value material to be 

incorporated in the mine schedule. 

• Optimization of critical infrastructure placement, including the decline and ventilation network 

positioning may reduce mine design physicals. 

• Further review of existing electrical substations may identify units that are no longer utilized 
or under-utilized and can be used in the mine expansion, rather than procurement of all new 

substations. 

• Optimization of the paste fill distribution network to include a series of internal rises to improve 

distribution network physicals and lower capital costs. 

• There is potential for lead recovery improvement with the inclusion of a Jameson flotation cell 

in a cleaner scalper flotation duty. 

1.16 Recommendations 

The following additional work is recommended. 

Geology and Mineral Resources: 

• Continue exploration and infill drilling programs to delineate new Mineral Resources and 

increase the Measured and Indicated Mineral Resources. 

• Continue mapping the high-grade zones, which appear to be spatially associated with modelled 
faults, at depth from underground and undertake further advanced studies on structural 

controls of mineralization. 

Mining and Mineral Reserves: 

• Conduct comprehensive geotechnical investigations and assessments to better define the 

characteristics of the various rock mass zones that impact the underground mine designs. 

• Undertake further detailed mine design and scheduling to optimize grades, and balance ore 

stockpile and blending requirements. 

• Conduct further underground paste backfill strength and flow property studies including 

additional study of paste binder requirements and backfill methodology. 

• Complete further assessment of the paste fill pumping requirements to provide greater 
confidence in the paste pump specifications and improve the accuracy of the paste plant capital 

cost estimate. 
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• Undertake appropriate engineering and planning to confirm the mine ventilation and mine 

infrastructure requirements. 

• Complete a detailed hydrogeological study to enhance understanding of water ingress to the 

mine and optimize the dewatering strategy and water treatment. 

• Ensure the proposed mine infrastructure including the RAR surface location and internal 

network does not result in sterilization of ore or is within critical offset distances to existing or 

planned voids or mine development. 

• Review opportunities for enhanced mine operation through use of automation and advanced 
technology including an evaluation of the potential benefits of transitioning to a predominantly 

electric vehicle fleet. Potential benefits include: 

⎯ Enhanced health and safety by removal of contaminants such as diesel particulates and 

the lower heat output of electric engines. 

⎯ Magnitude of the reduction in total mine airflow and the subsequent impact upon power 

consumption, raise sizes, decline / lateral airway sizes, and fan sizes. 

⎯ Improved capital and operating costs due to lower power requirements, smaller raise 

diameters, and smaller fans. 

Processing: 

• The metallurgical recovery benefit that is considered for the PFS is based on the potential 

recovery benefit as derived based on the ALS test work. In order to fully realize these 

recoveries continuous process optimization is recommended as follows: 

⎯ Develop an advanced mill control system aimed at maximizing mill throughput for a 

range of feed blends, while ensuring improved grind control and reduced grinding media 

consumption. 

⎯ Develop an enhanced flotation control system aimed at incorporating flotation mass pull 
control, while simultaneously reducing flotation circuit instability through improved flow, 

level, and air control. 

⎯ Develop an integrated mine geo-metallurgical model aimed at maximizing metal 

recovery and concentrate grade by achieving a more consistent mill feed blend. 

⎯ Further optimize the zinc Jameson Cell concentrate grade and recovery, post installation 

and commissioning. 

⎯ Maximize metal recoveries using froth flotation through additional control optimization 

initiatives (level, density, etc.) in various other areas of the process to enhance stability 

in the circuit. 

• Undertake further test work to confirm the recovery and grade that can be achieved for zinc 

feed grades of 4 – 6% as is expected in the later years of mining. 

• Undertake further test work to fully evaluate the potential benefit of a lead circuit Jameson 

Cell installation in a cleaner scalper duty. 

• Investigate the potential to reduce raw water consumption to 0.20 to 0.30 m3 per tonne milled 

with the inclusion of paste backfill and water treatment. 

• Review the potential impact of changes in reagent supply costs, maintenance costs, power 
supply costs and the plant control and instrumentation labour requirements during the 

feasibility study. 
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Infrastructure: 

• Continue the work being undertaken by the TSF design and safety specialists engaged by 
Trevali and RPZC to address the identified corrective actions and suggested improvements for 

the Rosh Pinah TSF. 

• Complete site wide detailed engineering and mass balance for processing, paste fill and 

processing tailings to determine the requirement for TSF expansion. Completion of the 
necessary TSF design, scheduling, and costing work is required to ensure TSF capacity is 

maintained. This will also improve the accuracy of the projected TSF capital and sustaining 

and other capital estimates during the feasibility study. 

• Complete the necessary paste plant design, scheduling, and costing work to ensure the paste 

fill system is commissioned in line with mining requirements and TSF design expectations. 

• Commence the relevant infrastructure approvals processes (internal and external). 

• Update the site wide detailed water balance for processing, paste fill and processing tailings, 

with inclusion of water treatment to evaluate the potential for a reduction in raw water 

consumption. 

Environmental: 

• Continue with the permitting approvals process to avoid potential delays to the RP2.0 

Expansion Project. 

• Continue to review and develop the initiatives that have been implemented to mitigate and 

manage environmental, social and community risks associated with: 

⎯ Dust fallout levels at the mine (within the concentrate storage area and crusher) and 

within the town of Rosh Pinah. 

⎯ Water sampling from boreholes to monitor potential contamination to groundwater. 

⎯ Reduction in water use and increased water recycling to reduce water scarcity risks, 
alongside the design controls and secondary water from the Skorpion Zinc raw water 

supply pipeline. 

⎯ Occupational health and safety. 

⎯ Community and stakeholder engagement. 

It is recommended that further work be carried out as part of a structured program to complete 

feasibility study engineering and design to advance the development of the RP2.0 Expansion Project. 

The estimated cost of this further work program is US$4.5M. 
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Abbreviation & acronym Description 
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Ja Joint alteration 

Jn Joint number 

Jr Joint roughness 

JV Joint venture 

KCB Klohn Crippen Berger Ltd 

Knight Piésold Knight Piésold Consulting (Pty) Ltd 
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MAREA  Mine Area 

masl Metres above sea level 
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Abbreviation & acronym Description 
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Property Rosh Pinah Property 
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QA/QC Quality assurance / quality control 

QP Qualified Person 

RAR Return air raise 

RB Raise bore 

RC Reverse Circulation 
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SF1 Southern Orefield 1 
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2 Introduction 

2.1 General 

This Technical Report (the Technical Report) on the Rosh Pinah Property (the Property) located in 

the Karas Region of Namibia has been prepared by AMC Consultants Pty Ltd (AMC) on behalf of 
Trevali Mining Corporation (Trevali) headquartered in Vancouver, Canada. The Technical Report has 

been prepared to a standard which is in accordance with the requirements of National Instrument 
43-101, Standards of Disclosure for Mineral Projects (NI 43-101), of the Canadian Securities 

Administrators (CSA) for lodgment on CSA’s System for Electronic Document Analysis and Retrieval 

(SEDAR). 

The Property is located in southwestern Namibia, 800 km south of Windhoek and 20 km north of 
the Orange River, at the edge of the Namib Desert. A previous report was prepared on the Property 

authored by RPA Associates Inc. filed on SEDAR on 1 May 2018, titled “Technical Report on the 

Rosh Pinah Mine, Namibia” (2018 RPA Technical Report). 

Trevali holds a 90% interest in, and is operationally responsible for, Rosh Pinah Zinc Corporation 
(Pty) Ltd (RPZC), the Namibian incorporated (joint venture (JV)) company, which owns (100%) of 

the Property. The Pre-Feasibility Study (PFS) was completed on behalf of Trevali for the Property 

located in Rosh Pinah, Namibia. 

2.2 Purpose and terms of reference 

The Technical Report discloses the results of the Rosh Pinah Expansion “RP2.0” (the RP2.0 

Expansion Project) PFS which considers the identified Indicated and Measured Mineral Resources 
within the Property. All mining and processing facilities are contained within the Property boundary. 

Mine access roads and other surface infrastructure are located in areas which RPZC has surface 

tenure or access rights. 

The scope of work for the PFS included detailing the appropriate methods and production schedule 
for mining and processing the Mineral Resource. Plans, schedules, and cost parameters for the mine 

and infrastructure development concepts were prepared for estimation of capital and operating costs 
and for evaluation in an economic model with which to determine the RP2.0 Expansion Project’s 

viability. 

Projected risks and opportunities associated with the Property were compiled together with a list of 

recommendations for further project development activities. 

2.3 Background 

The Rosh Pinah deposit was first discovered in 1963. Drilling commenced in 1965 and shortly 

thereafter an operating company was formed (Imcor Zinc (Pty) Ltd (Imcor)). Preparatory work and 
mine development commenced during 1967, with the first ore production in May 1969. Mining was 

halted from 1993 to 1995 due to mine liquidation. In 1996, the mining rights were awarded to PE 

Minerals (Namibia) (Pty) Ltd, and in 1998 Rosh RPZC was formed from a JV. 

On 11 June 2012, Glencore International PLC (Glencore) acquired an 80.08% interest in RPZC. The 
remaining 19.92% was owned by Namibian Broad-Based Empowerment Groupings and an 

Employee Empowerment Participation Scheme (EEPS). On 31 August 2017, Trevali completed a 
transaction with Glencore and certain of its subsidiaries whereby Trevali acquired a portfolio of zinc 

assets from Glencore, including an 80.08% interest in the Property. Trevali ownership subsequently 

increased by an additional 9.88% to 89.96% as a result of a share buy-back by RPZC. 
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2.4 The Issuer 

Trevali is a global base-metals mining company, headquartered in Vancouver, Canada. The bulk of 
Trevali’s revenue is generated from base-metals mining at its three operational assets: the 

90%-owned Perkoa Mine in Burkina Faso, the 90%-owned Rosh Pinah mine in Namibia, and the 
wholly-owned Santander Mine in Peru. In addition, Trevali owns the Caribou Mine, Halfmile and the 

Stratmat Properties in New Brunswick, Canada, and the past-producing Ruttan Mine in northern 
Manitoba, Canada. Trevali also owns an effective 44%-interest in the Gergarub Project in Namibia, 

as well as an option to acquire a 100% interest in the Heath Steele deposit located in New Brunswick, 

Canada. 

Trevali is listed on the TSX (symbol TV), the OTCQX (symbol TREVF), the Lima Stock Exchange 

(symbol TV), and the Frankfurt Exchange (symbol 4TI). 

2.5 Report authors 

The names and details of persons who prepared, or who have assisted the Qualified Persons (QPs) 

in the preparation of the Technical Report, are listed in Table 2.1. 

Table 2.1 Persons who prepared or contributed to the Technical Report 

Qualified 

Person 
Position Employer 

Independent 

of Trevali 

Date of 

site visit 

Professional 

designation 

Sections of the 

Technical Report 

Qualified Persons responsible for the preparation and signing of the Technical Report 1 

Mr R. 

Webster 

Principal 

Geologist 

AMC 

Consultants 

Pty Ltd 

Yes NA MAIG 

1 (part), 3 (part), 4-

12, 14, 23, 24 (part), 

25 (part), 26 (part), 

27 (part) 

Mr A. Hall 

Director / 

Principal 

Consultant 

AMC 

Consultants 

Pty Ltd 

Yes 
17-20 Sep 

2019 
MAusIMM (CP) 

1 (part), 2, 3 (part), 

15, 16, 18 (part), 19, 

20, 21 (part), 22, 24 

(part), 25 (part), 26 

(part), 27 (part) 

Ms L. 

Lintvelt 

Process 

Studies 

Consultant 

DRA Projects 

(Pty) Ltd 
Yes 

18 Dec 

2019 – 3 

Jan 2020 

PrEng 

1 (part), 13, 17, 18 

(part), 21 (part), 25 

(part), 26 (part) 

Mr R. Welsh 
Senior Project 

Manager 

DRA Projects 

(Pty) Ltd 
Yes NA PrEng 

1 (part), 18 (part), 21 

(part) 

Mr M. Molavi 

Principal 

Mining 

Engineer 

AMC Mining 

Consultants 

(Canada) 

Ltd. 

Yes NA P.Eng. 

1 (part), 16 (part), 18 

(part), 21 (part), 26 

(part) 
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Other persons who have assisted the Qualified Persons 

Expert Position Employer 
Independent 

of Trevali 

Date of 

site visit 

Professional 

designation 
Sections of report 

Mr A. de 

Veth 

Principal 

Consultant 

AMC 

Consultants 

Pty Ltd 
Yes NA MAusIMM, CP 

16 (part), 25 (part), 

26 (part) 

Mr M. 

Widelski 

Senior 

Geotechnical 
Engineer 

AMC 

Consultants 
Pty Ltd 

Yes 
2-6 Sep 

2019 
MAusIMM, CP 16 (part) 

Mr P. Mokos 

Principal 

Mining 
Engineer 

AMC 

Consultants 
Pty Ltd 

Yes 
17-20 Sep 

2019 
FAusIMM, CP 

16 (part), 25 (part), 

26 (part) 

Mr M. 

English 

Principal 

Mining 

Engineer 

AMC 

Consultants 

Pty Ltd 

Yes NA MAusIMM 
16 (part), 18 (part), 

25 (part), 26 (part) 

Mr B. Fallaw 

Principal 

Backfill 

Engineer 

AMC 

Consultants 

Pty Ltd 
Yes NA MAusIMM, CP 16 (part), 18 (part) 

Mr D. 

Sahota 

Senior Mining 

Analyst 

AMC 

Consultants 
Pty Ltd 

Yes NA MAusIMM, CP 21 (part), 22 (part) 

Ms A. 

Johnston-
Billings 

Chief 

Sustainability 
Officer 

Trevali 

Mining 
Corporation 

No 
Permanent 

employee 
NA 20 

Mr D. Loots 

Senior 

Operations 
Analyst 

Trevali 

Mining 
Corporation 

No 
Permanent 

employee 
CPA, CA (SA) 22 (part) 

Ms S. Kaviua Technical Lead 

Rosh Pinah 

Zinc 

Corporation 
(Pty) Ltd 

No 
Permanent 

employee 
SACNASP 4 to 14 (part) 

Mr Y. 

Bourassa 

Vice President, 

Exploration & 
Mineral 

Resources 

Trevali 

Mining 

Corporation 

No 
Permanent 

employee 
P.Geo. 4 to 14 (part) 

Notes: 1 QP responsibility for ‘part’ sections are governed by their respective areas of expertise: Mr R. Webster – Geology 

and Mineral Resource aspects, Mr A. Hall – Mining and Mineral Reserve aspects, Ms L. Lintvelt – Metallurgical, ore processing 
and surface infrastructure aspects, Mr R. Welsh – Metallurgical, ore processing and surface infrastructure aspects, 

Mr M. Molavi - Underground infrastructure aspects. 

The QPs acknowledge the numerous contributions from Trevali and RPZC in the preparation of the 
Technical Report, and is particularly appreciative of prompt and willing assistance of Mr Christo 

Horn, Ms Sheron Kaviua, Mr Elliot Mutyambizi, Mr Johan Pretorius, Mr Hennie Visser, Mr Alwyn 
Jordaan, Mr Venancio Guchu, Mr Mark Glasspool, Mr Pieter Karsten, Mr Arthur Alcock, Ms Juliet Yisa, 

Mr Nick Espenberg, Mr Eric Frazier, Mr Shaun Woods, Ms Amber Johnston-Billings, Mr Yan Bourassa, 

Mr Andre Bergh, Ms Carine Louw, Mr Dane van Zyl, Mr Dawid Loots, Mr Daniel Schnurrenberger, 

Mr Steven Molnar, Mr Hein Frey, Mr Jannie Cronje, and Mr Derek du Preez. 

2.6 Sources of information 

The Technical Report has been prepared by AMC on behalf of Trevali. The information, conclusions, 

opinions, and estimates contained herein, for which the named QPs take responsibility, are based 

on: 

• Information available to the QPs at the time of preparation of the Technical Report. 

• Assumptions, conditions, and qualifications as set forth in the Technical Report. 

• Data, reports, and other information supplied by Trevali, RPZC, and from other sources. 
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Parties who have supplied some information that was used for the preparation of the Technical 

Report include Knight Piésold Consulting (Pty) Ltd (Knight Piésold), Klohn Crippen Berger Ltd (KCB), 

and A. Speiser Environmental Consultants CC (ASEC). 

Key sources of information include the diamond drillhole database and Mineral Resource models, 
metallurgical test work reports, other information provided by RPZC, supplier information and 

quotes, AMC and DRA Projects (Pty) Ltd (DRA) project experience in Namibia and elsewhere, and 
marketing information gained with the assistance of Trevali. A further source of information is the 

2018 RPA Technical Report. A full reference list is included in Section 27 of the Technical Report. 

AMC was responsible for managing and preparing the Technical Report with inputs from 

Ms L. Lintvelt and Mr R. Welsh from DRA. 

2.7 Other 

An inspection of the Property was carried out by Mr A. Hall, Mr P. Mokos, and Mr M. Widelski all of 
AMC, and Ms L. Lintvelt from DRA, at dates shown in Table 2.1. These inspections included review 

of representative drill core, data collection facilities, mine site including underground operations, 

waste rock storage stockpiles, processing plant, and general plant site area. 

In addition, inspections were carried out by Ms A. Speiser, ASEC specifically on environmental 
issues, and Mr W. Muir and Ms V. Daigle, Knight Piésold and Mr R. Cross, KCB specifically on tailings 

disposal. 

Throughout the Technical Report, units of measurements are metric, and currency is in 2020 United 

States dollars (US$), unless otherwise stated. 

Where applicable, conversion factors used are as shown in Table 2.2. 

Table 2.2 Exchange rates 

Currency code Currency name Average exchange rate 

US$ United States Dollar $1.00 = N$/ZAR 16.69 

A draft of the Technical Report was provided to Trevali for checking of factual accuracy. The 

Technical Report has an effective date of 30 June 2020. 
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3 Reliance on other experts 

The QPs have relied, in respect of legal aspects, upon the work of the Expert listed below. To the 
extent permitted under NI 43-101, the QPs disclaim responsibility for the relevant section of the 

Technical Report: 

• Expert: Mr H.D. Bossau of HD Bossau & Co., Legal Practitioners / Notaries, as advised in a 

letter of 25 June 2020 to Trevali. 

• Report, opinion or statement relied upon: information on mineral tenure and status, title 

issues, and mining concessions. 

• Extent of reliance: full reliance following a review by the QPs. 

• Portion of Technical Report to which disclaimer applies: Section 4. 

The QPs have relied, in respect of environmental aspects, upon the work of the issuer’s Expert listed 

below. To the extent permitted under NI 43-101, the QPs disclaim responsibility for the relevant 

section of the Technical Report: 

• The following disclosure is made in respect of information provided by Ms A. Johnston-Billings 

of Trevali. 

• Report, opinion or statement relied upon: information on environmental studies and 

permitting. 

• Extent of reliance: full reliance following a review by the QPs. 

• Portion of Technical Report to which disclaimer applies: Section 20. 

The QPs have relied, in respect of taxation and royalty aspects, upon the work of the issuer’s Expert 
listed below. To the extent permitted under NI 43-101, the QPs disclaim responsibility for the 

relevant section of the Technical Report: 

• The following disclosure is made in respect of information provided by Mr D. Loots of Trevali. 

• Report, opinion or statement relied upon: information on taxation and royalty aspects. 

• Extent of reliance: full reliance following a review by the QPs. 

• Portion of Technical Report to which disclaimer applies: Section 22. 
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4 Property description and location 

4.1 Property location 

The Rosh Pinah underground zinc-lead mine and milling operations are located on the Property. The 

Property is located in the Karas region in southwestern Namibia, 800 km south of Windhoek and 
20 km north of the Orange River, at the edge of the Namib Desert between Diamond Area No.1 and 

the farms Namuskluft 88 and Spitskop (Figure 4.1). 

Namibia is a sub-Saharan African nation, bordering Angola (1,376 km), Botswana (1,360 km), South 

Africa (967 km), Zambia (233 km), and the South Atlantic Ocean. The country has a total land 

area of 823,290 km2, of which a mere 1,002 km2 is covered by water. 

The geographic co-ordinates of the Rosh Pinah mine, based on the location of the main gate, are 

coordinates 27° 57' 19.86" S and 16° 45' 51.25" E. 

Figure 4.1 Location of the Rosh Pinah mine 

 
Source: Ezilon.com website 2019. 
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4.2 Mineral rights and land ownership 

4.2.1 General 

In Namibia, all mineral rights to the Property are vested in the State. The minerals industry in 

Namibia is administered by the Minister of Mines and Energy (Namibian Ministry of Mines and Energy 

(MME)), assisted by the Mining Commissioner and the Minerals Board of Namibia. 

Mining law in Namibia is mainly regulated by the Minerals (Prospecting and Mining) Act 33 of 1992 
(Minerals Act) [as amended by Minerals (Prospecting and Mining) Amendment Act 8 of 2008]. This 

Act deals with the granting of access to Mineral Resources (www.mme.gov.na/mines/mrrd/) 

through the following license types: 

Non-Exclusive Prospecting License (NEPL): Any person may apply for a NEPL, provided, in the 
case of a natural person, such person has reached the age of 18 years. The license is valid for six 

months and it is non-renewable. 

Mining Claim (MC): Available only to Namibian citizens for the development of small-scale mining. 

MCs are valid for three years and two-year extension periods are possible provided that the claim 

is being developed or worked. Up to a maximum of ten claims can be held at any one time. 

Reconnaissance License (RL): Designed for regional, mainly remotely sensing exploration, a RL 
is valid for six months on a non-renewable basis. This license facilitates the identification of 

exploration targets. 

Exclusive Prospecting License (EPL): This three-year license allows systematic prospecting in 

areas of up to 1,000 km2. It gives exclusive exploration rights to the land and may be extended 
twice for two-year periods if demonstrable progress is shown. Renewals beyond seven years require 

special approval from the Minister. 

Mining License (ML): This gives the holder the exclusive mining right in the license area for a 

period of 25 years or the life of the mine, with renewals for a further 20 years upon application to 
the MME. The holder is required to demonstrate the financial and technical abil ity to develop and 

operate a mine. 

Mineral Deposit Retention License (MDRL): This allows an exploration company in certain 

circumstances to retain tenure on a prospecting license, ML, or MC without mining obligations. It is 
valid for five years, with two-year renewal periods. The license holder must, however, meet work 

and expenditure obligations and submit regular project reviews. 

Transfers or JV, as well as Amendments involving the addition of a commodity group and / or 

increase / decrease in area size are applicable to the mine to all mineral licenses described above 

except the NEPL. 

4.2.2 Land tenure 

The relevant RPZC licenses include ML 39 and Exclusive Prospecting (Exploration) License 2616 and 

MDRL 2616 (Figure 4.2 to Figure 4.4). 

4.2.2.1 Mining License 39 

On 13 November 1995, the MME granted PE Minerals the Rosh Pinah mining license, ML 39. The ML 
was granted in accordance with the Minerals Act. The license is valid for a term of 25 years with an 

expiry date of 12 November 2020. The application for license renewal has been submitted by RPZC 
and is currently under consideration by the MME. The ML requires payment of an annual fee, 

development of a works program, environmental compliance, commitment to seek local suppliers 

http://www.mme.gov.na/mines/mrrd/
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for fuel and lubricants, approval of the product take-off agreement, and payment of taxes by 

permanent employees in Namibia. 

ML 39 shown in Figure 4.2 within EPL 2616, shown as the Rosh Pinah Property, covers an area of 

782.3405 ha with an Accessory Works (AW) area consisting of 4,432.8 ha. It is mainly located on 
State Land (State-owned surface rights), however, it overlaps onto farms Namuskluft 88 and 

Spitskop III. 

Figure 4.2 Mine mineral rights 

 
Source: Provided by Trevali 2020. 

4.2.2.2 Exclusive Prospecting (Exploration) License 2616 

RPZC currently holds EPL 2616 which allows for exploration for base, rare, and precious metals. EPL 

2616 covers an area of 19,825.755 ha and overlaps onto Spitskop farm (Figure 4.3). 
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Figure 4.3 Exploration License 2616 

 
Source: Provided by Trevali 2020. 

Table 4.1 lists the boundary coordinates for EPL 2616. 

Table 4.1 Exclusive Prospecting License 2016 boundary coordinates 

NR Latitude Longitude X Y 

A -27.86822347 16.64300887 650,026.0 35,086.3 

B -27.99346673 16.77420629 663,873.2 22,141.6 

C -27.95167329 16.82945459 659,233.3 16,714.1 

K -27.79488392 16.59970986 641,919.1 39,376.5 

SB43 -27.80194615 16.66301942 642,676.5 33,203.1 

SB46 -27.84884862 16.75234788 647,853.0 24,324.0 

Bessel 1841 Spheroid 

Gauss Conformal Projection 

Bessel 1841 Spheroid 

Central Meridian: 17° E 

Latitude of Origin: 22°S 

EPL 2616 was originally granted to PE Minerals in December 1998 and has been renewed multiple 

times including during the year 2020. 
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4.2.2.3 Mineral Deposit Retention License 2616 

On 15 August 2017, RPZC was granted a mineral retention deposit license over the mining area 
covering the Gergarub mineral deposit for future development (MDRL 2616). MDRL 2616 is located 

within EPL2616, covering an area of 690.6038 ha, and is valid until 14 August 2022. Effective 
17 June 2019, MDRL 2616 was transferred by RPZC to Gergarub Exploration and Mining Pty Ltd 

(Gergarub). Trevali owns an effective 44.1% interest in Gergarub. The overall project ownership is 
49% RPZC (effective 44.1% Trevali, 4.9% Namibian Empowerment Companies) and 51% Skorpion 

Zinc (subsidiary of Vedanta). Figure 4.4 shows the boundary outline of MDRL 2616. 

Figure 4.4 Mineral Deposit Retention License 2616 

 
Source: Provided by Trevali 2020. 

The boundary coordinates for MDRL 2616 are listed Table 4.2. 
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Table 4.2 Mineral Deposit Retention License 2616 boundary coordinates 

NR Latitude Longitude 

1 -27° 50.93’ 16° 41.50’ 

2 -27° 52.23’ 16° 42.78’ 

3 -27° 52.57’ 16° 42.35’ 

4 -27° 52.43’ 16° 41.87’ 

5 -27° 52.77’ 16° 41.40’ 

6 -27° 51.65’ 16° 40.33’ 

Note: Bessel 1841 Spheroid. 

4.3 Surface rights 

Ancillary rights agreements are currently being renegotiated for farms Namuskluft 88, Spitskop III, 

and Spitskop Wes 128. All other areas overlain by the EPLs are state owned land and no surface 
right agreements are required. The surface rights are sufficient for the mining operations and 

exploration activities. 

4.4 Royalties and lease obligations 

The Rosh Pinah mine is not subject to any back-in rights payments, agreements, or encumbrances. 
The corporate tax rate in Namibia for mining properties is a flat rate of 37.5%. Corporate taxes of 

34% applies to taxable income from non-mining activities. 

Mine production is subject to royalties at 3% of net market value payable to the Namibian State 

and 3% of net market value payable to PE Minerals. Additionally, production is subject to the 
provisions of Section 114 of the Minerals Act. Detailed quarterly and annual reports on all relevant 

aspects of operations must be submitted. 

Allowable tax deductions for mining companies are as follows: 

• All pre-production exploration expenditures are fully deductible in the first year of 
production; to the extent that this deduction exceeds income from mining operations for the 

year concerned, it will create an assessed loss for carry forward or set off against other income 

of the taxpayer. 

• Subsequent exploration expenditures are fully deductible in the year they occur, so that profits 

from existing operations can be used to fund exploration in any part of the country. 

• Initial and subsequent development costs (include all capital expenditure incurred in 
connection with the development operations) are fully deductible in equal instalments over 

three years commencing in the year the mine starts production. 

• Operating expenses incurred in the production of income are deductible for tax purposes. 

The Minerals Act also makes provision for a penalty royalty (for the failure of beneficiating minerals 
in Namibia, where such beneficiation is possible, transfer pricing arrangements and excessive 

brokerage fees) as well as for a windfall royalty. The penalty royalty does not apply to the Rosh 

Pinah mine. 

The QP’s are not aware of any environmental liabilities on the Property, outside of established 

closure provisions. RPZC has all the required permits to conduct the work on the Property. Nor are 

they aware of any other significant factors and risks that may affect access, title, or the right or 

ability to perform the proposed work program on the Property. 
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5 Accessibility, climate, local resources, and physiography 

5.1 Accessibility 

The Rosh Pinah mine is located in the Oranjemund Constituency of the Karas Region in southern 

Namibia. The Property is directly adjacent to the town of Rosh Pinah, which houses employees of 
both the Rosh Pinah and Skorpion Zinc mines and other private businesses. The town of Rosh Pinah 

lies along a major tourism route within the Ai-Ais Richtersveld Transfrontier Park. 

The nearest commercial airport is located at Oranjemund, approximately 105 km south-east of Rosh 

Pinah, via gravel road C13. Rosh Pinah is located approximately 800 km south of Windhoek, 

Namibia’s capital city. Aus, to the north is the nearest railhead on the Luderitz - Keetmanshoop line 

and is accessed by a 165 km paved road. Skorpion Zinc also operates a private airstrip (refer to 

Figure 5.1). 

Figure 5.1 Location of the Rosh Pinah mine 

 
Note: Provided by Trevali 2020. 

Source: Ezilon.com 2017. 
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5.2 Climate 

Namibia is in the southwestern part of sub-Saharan Africa and experiences more than 300 days of 
sunshine annually. The climate in Rosh Pinah, classified as a warm desert climate, is mostly arid 

and the most prevalent natural hazard is prolonged periods of drought. Wind is gusty but averages 
approximately 8 km/h. Rainfall is sparse and erratic and occurs predominantly between September 

and November and between February and April. 

From October to April, the mean daily temperatures are approximately 30°C to 34°C with cooler 

nights at a mean daily minimum of approximately 13°C to 17°C. Daytime high temperatures can 
reach greater than 40°C in the summer months. Precipitation during this period averages 

approximately 12 mm per month. 

From May through September, the mean daily temperatures are approximately 23°C to 29°C with 

cooler nights at a mean daily minimum of approximately 7°C to 12°C. Cold winter nights can reach 

2°C during these months. Precipitation during this period averages approximately 4 mm per month. 

Exploration and mining operations can be carried out year-round. 

5.3 Physiography 

The topography of the immediate Rosh Pinah area is generally flat and borders large hills to the 

east which rise approximately 400 m above the mine elevation. Elevation varies between 

420 metres above sea level (masl) and 800 masl. The desert geology consists of sands near the 
coast, while gravel plains and scattered mountain outcrops occur further inland. The Project is 

located on the edge of the Namib coastal desert, and there is only sparse vegetation. Although the 
outer Namib is largely barren of vegetation, lichens and succulents are found in coastal areas, while 

grasses, shrubs, and ephemeral plants thrive near the escarpments. A few types of trees are also 

able to survive the extremely arid climate. 

5.4 Local resources 

Namibia has a long history of mining activity with mining suppliers and contractors being locally 

available. According to BDO Namibia (http://www.bdo.com.na/en-gb/industries/natural-resources/ 
mining-in-namibia), mining contributes up to 25% of Namibia’s income and is the largest contributor 

to the Namibian economy. Rosh Pinah labour is sourced from the local Karas Region, from the 
northern parts of Namibia, and from the Damara-, Ovambo- and Okavango-speaking people who 

have semi-permanently settled in the town of Rosh Pinah. Experienced professional staff are readily 

available, either within Namibia, or in the adjacent countries with high mining histories. 

The town of Rosh Pinah has a population of about 15,000 inhabitants and is regarded as one of the 

fastest growing village councils in the Karas Region. 

Rosh Pinah enjoys the support of local communities. 

http://www.bdo.com.na/en-gb/industries/natural-resources/mining-in-namibia
http://www.bdo.com.na/en-gb/industries/natural-resources/mining-in-namibia
http://www.bdo.com.na/en-gb/industries/natural-resources/mining-in-namibia
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6 History 

The Rosh Pinah mine has been in operation since 1969, excluding a short period during the 1990s 

when it was under care and maintenance. 

6.1 Prior ownership 

In 1964 mineral rights over the mineralization at Rosh Pinah was held by Moly Copper Mining and 

Prospecting Co. (SWA) Pty Ltd. (Moly Copper). Moly Copper, owned by the Kahn family, operated 
the small Lorelei mining operation between 1950 and 1957, however, operations ceased due the 

limited size of this small porphyry deposit. Iscor Ltd. South Africa (Iscor South Africa) decided to 

explore the Rosh Pinah deposit and drilling commenced in 1965. 

Sufficient reserves were proven to develop a mine and an operating company, Imcor was formed 
between Iscor and Moly Copper. Preparatory work and mine development commenced during 1967, 

with the first ore production starting in May 1969. 

A sharp drop in the zinc price towards the end of 1992 led the mine into a loss situation and a 

subsequent disagreement on the financing of the mine between the shareholders led to the 
liquidation of the mine in December 1994. After liquidation, and prior to 20 November 2003, Imcor 

was owned by Kumba Resources Limited (Kumba Resources), PE Minerals and Iscor Namibia. In 
November 2006, Kumba Resources changed its name to Exxaro Resources Limited (Exxaro). From 

2008 until 2012, the Rosh Pinah mine was jointly owned by Exxaro, PE Minerals, Jaguar Investments 

Four (Proprietary) Limited (Jaguar), and the EEPS. 

On 11 June 2012, Glencore acquired an 80.08% interest in RPZC. The remaining 19.92% is owned 

by Namibian Broad-Based Empowerment Groupings and an EEPS. 

On 31 August 2017, Trevali completed a transaction with Glencore and certain of its subsidiaries 
whereby Trevali acquired a portfolio of zinc assets from Glencore, including an 80.08% interest in 

the Rosh Pinah mine. Trevali interest was subsequently increased to 89.96% through a share 

buyback by RPZC. Trevali is operationally responsible for management of RPZC. 

6.2 Exploration and development history 

In May 1963, M.D. McMillan commenced mapping the Witputs – Sendelingsdrif area as part of his 

Ph.D. study at the Precambrian Research Unit at the University of Cape Town and collected rock 
samples. The weight of the samples indicated the presence of barite (barium sulphate). On further 

investigation McMillan came upon a rock outcrop stained green by copper oxides, which can be 

considered as the discovery of the Rosh Pinah deposit. 

In December 1964, McMillan mapped the outcropping gossans. The assay results returned economic 

grades of zinc and lead. 

Since the discovery of the Rosh Pinah mine, continued in-mine exploration has played a significant 

role in extending the life-of-mine (LOM). The discovery of the WF3 zone has extended the current 
LOM and further deep-seated mineralization has potential to increase the life of operations far 

beyond the current LOM. 

6.3 Historical resource estimates 

As an ongoing operating mine historical estimates are presented in Figure 6.1 which presents an 

annual breakdown of Mineral Resources by category since 1984. 
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Figure 6.1 Mineral Resource and contained metal history 

 
Source: Trevali 2020. 

6.4 Past production 

Since commencing mining operations in 1969 to the end of 2019, a total of 28.3 million tonnes have 

been mined from the various lenses. The average annual production over the last 20 years is 

approximately 648,000 tpa (Figure 6.2). 
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Figure 6.2 Historical ROM production by year 

 
Source: Trevali 2020. 
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7 Geological setting and mineralization 

7.1 Regional geology 

The Rosh Pinah deposit is hosted by the Rosh Pinah Formation (Hilda Subgroup of the Port Nolloth 

Group), forming part of the Neoproterozoic Gariep Terrane deposited onto a Palaeo-Mesoproterozoic 
basement of granite gneisses and supracrustals. The Gariep Terrane is divided into two distinct 

tectono-stratigraphic sub-terranes; the eastern, para-autochthonous Port Nolloth Group and the 

western, allochthonous Marmora Terrane. 

The Port Nolloth Group is a curved belt stretching from Port Nolloth in South Africa to Lüderitz in 

Namibia via Rosh Pinah and the coastal region of Bogenfels. The lowermost stratigraphic unit of the 

Port Nolloth Group is the Stinkfontein Subgroup, which consists of basal conglomerate and quartzite 
of the Lekkersing Formation and the feldspathic quartzite and minor felsic volcanics of the 

Vredefontein Formation. The Kaigas Formation consists of diamictite presumably of glacial origin 
(Frimmel et al. 1996; Harland 1983; Hambray and Harland 1985). This diamictite is overlain by a 

predominantly calcareous sequence of intercalated pelites, feldspathic litharenites, quartzites, and 
meta-conglomerates of the Hilda Subgroup (Alchin 1993). In the Rosh Pinah region, massive felsic 

lava flows and pyroclastic rocks grade into the sedimentary strata of the Hilda Subgroup. 

The Hilda Subgroup is unconformably overlain by the Numees Formation, which consists of banded 

iron formation, quartzite, pelite, and massive glaciogenic diamictite. Unconformably overlying the 
Numees Subgroup is the Holgat Subgroup, which is composed of turbiditic meta-arkose, 

meta-greywacke, metapelite, and H2S-rich marbles. Located to the west of Rosh Pinah, the 
Marmora Sub-terrane of the Gariep Terrane is an allochthonous belt that is interpreted as abducted 

ocean floor, consisting of a mixed package of sediments, volcanics, and intrusives. The Marmora 
Terrane is further sub-divided into the Schakalsberg Sub-terrane, the Oranjemund Sub-terrane, 

and the Chameis Sub-terrane. To the east of Rosh Pinah, the Nama Group unconformably overlies 
the basement rocks and thins out towards the east with selected units wedging out completely. 

North of the Gariep River, the Nama Group is divided into the Fish River, Schwarzrand, and Kuibis 

Subgroups. 

Figure 7.1 is a plan showing the thrusting of the Marmoa Terrane on to the Port Nolloth zone at 

+/- 540 Ma. 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 59 
 

Figure 7.1 Plan of the Marmoa Terrane thrusting onto the Port Nolloth zone 

 
Source: Provided by Trevali 2020. 

7.2 Structural geology 

Sinistral, oblique collision of the Rio de la Plata and Kalahari cratons at approximately 540 Ma 

resulted in multiphase deformation comprising a roughly, north-south D1 compression, followed by 

a west-southwest / east-northeast D2 compression of the mineralized horizon (locally termed ore 

equivalent horizon (OEH)) which contains the base metal sulphides (BMS) at the Trevali Rosh Pinah 
mine. F1 folds comprise roughly south verging overfolds, refolded by the penetrative 

west-southwest-verging overfolds of F2. A major F1 anticlinal axis running approximately through 

the centre of the mine, refolded by F2, gives rise to the locally named “Rosh Pinah Anticlinorium”. 
It causes steep to inverted plunges of F2 in A-mine and Eastern Orefield (EOF) and produces sheet 

folds in the southern parts of the mine. 

Folding is disharmonic due to a competency contrast between the arenites, argillites 

(microquartzite), and carbonates resulting in the formation of saddle reefs and keel type 
mineralization. Syn and post-tectonic shearing and faulting has added further structural 

complications and is believed to have divided the A-mine and Southern Orefield into two structural 

domains. 

The Rosh Pinah deposit meets the erosional surface in several places at the apex of folds in the 
central part of the Rosh Pinah Anticlinorium, however, around the periphery dome, especially in the 

south of the mine, the mineralization continues at depth. 
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To the east of the current mine area, the OEH continues and has been intersected up to 500 m 

away from current underground infrastructure. It is, however, less well developed, with grades 

consistently decreasing in this direction from current mining operations. 

Limited exploration drilling to the west of the mining area in combination with underground mapping 
and drilling results indicate that the western boundary of the mine is defined by the Northern Fault. 

The Northern Fault is a thrust plane on which a major westward verging fold containing the OEH 
had ridden. Rosh Pinah geologists expect that there is little potential to find mineralization west of 

the Northern Fault, and as such it represents a domain boundary. At the southern end of the mining 
area, the lens follows the steep overturned F2 fold plunge of the Rosh Pinah Anticlinorium resulting 

in a sheet fold closure within the EOF. 

7.3 Local geology 

The BMS at the Trevali Rosh Pinah mine are contained within the approximately 30 m thick OEH. In 

the Rosh Pinah mine area, the Rosh Pinah Formation has been shown to be at least 1,250 m thick. 

Sequence stratigraphic analyses indicate significant sea level changes and associated prograding 
and retrograding of the clastic submarine fans hosting the deposit. Deposition of the OEH occurred 

towards the end of a transgressive phase but was subsequently eroded in places during a regressive 

phase. Figure 7.2 is a simplified geological map of the area, including Skorpion just off the Property. 

Figure 7.2 Simplified geological map 

 
Source: Provided by Trevali 2020. 
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Figure 7.3 is a generalized stratigraphic column and Figure 7.4 is a detailed schematic of the OEH 

(Mouton 2006). Note Mouton has termed the OEH as the ore equivalent unit (OEU) in Figure 7.3. 

Figure 7.3 Generalized stratigraphy column 

 
Source: Provided by Trevali 2020. 
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Figure 7.4 Ore equivalent horizon 

 
Source: Provided by Trevali 2020. 

7.4 Mineralization 

Table 7.1 presents a summary of the common mineralization lithologies and descriptions, as applied 

to core logging and underground mapping. 
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Table 7.1 Common mineralization lithology 

Mineralization / lithology Description / definition 

Argillite 

Refers to any shale, mudstone, slate or extremely fine-grained clay rich rock of 

sedimentary origin with particle size <0.05 mm of non-specific metamorphic grade 

(locally dark grey to black). 

Argillite Ore Any argillitic unit hosting potential economic grade sulphide mineralization. 

Arkose 
A feldspar-rich sandstone or grit coarse grained with angular to sub-rounded clasts 

substantially smaller than 4 mm. No genetic implications are made. 

Arkose / Breccia Ore Any arkosic unit hosting potential economic grade sulphide mineralization. 

Carbonate (X-CO3) 

Rock consisting predominately of carbonate minerals such as calcite, dolomite, and 

siderite. No genetic, specific composition or lattice structure is inferred (igneous, 
sedimentary, or hydrothermal). 

Carbonate Ore Any carbonate hosting potential economic grade sulphide mineralization. 

Massive Ore A rock containing >30% by volume of sulphides. 

MicroQuartzite 
Highly silicified, glassy, black or dark grey rock composed predominantly of crystalline 

silica having a particle size <20 microns. Does not scratch with steel. 

Microquartzite Ore Microquartzite hosting potential economic grade sulphide mineralization of interest. 

Sugary Quartzite 
Quartzite with an equigranular to granular or crystalline texture resembling the 

appearance of bread. 

Sugary Quartzite Ore Any sugary quartzite unit hosting potential economic grade sulphide mineralization. 

The major mineralization types are described in detail below. 

7.4.1 Microquartzite and argillite 

The primary mineralization type is a silicified, grey to dark grey, fine-grained and laminated unit 

locally called microquartzite mineralization. It consists of alternating millimetre to centimetre wide 
bands of sulphides (sphalerite, pyrite and galena + minor chalcopyrite) and is believed to represent 

a classic sedimentary-exhalative (SEDEX) style although ongoing interpretations are supportive of 
a volcanogenic massive sulphide (VMS) origin similar to the nearby Gergarub and Skorpion deposits. 

The argillite mineralization would be similarly derived but diluted with background benthonic 

argillite. 

7.4.2 Arkose / breccia 

The mineralization occurs as breccia matrix and veins in silicified arenite lithologies (locally referred 

to as breccia mineralization) or as disseminated base-metal sulphides (locally referred to as arkose 
mineralization) and can reach economic grades. In places, the arkose / breccia mineralization gives 

indications of primary sulphide exhalations into an arenitic host. The breccia mineralization is 

commonly found in the immediate footwall to the OEH. 

7.4.3 Carbonate 

Carbonate mineralization is purely remobilized and provides the major economic component of the 

resource. Carbonate has replaced the arenites, both in the hangingwall and footwall of the 
mineralized horizon and a continuous range is observed from slightly carbonatic arenite (textures 

such as large, ghost feldspar grains occur) to pure carbonate, with all original textures lost. The 
carbonate has scavenged, concentrated, and remobilized BMS from the primary microquartzite 

mineralization. A near-total base metal enrichment of the carbonate mineralization gives rise to 
massive mineralization. When the carbonate has been leached out of the carbonate mineralization 

and the quartz grains and sulphides remain, the mineralization is locally referred to as sugary quartz 

ore. 
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7.4.4 Lens characterization 

The deposit is hosted by a thick package of turbidites comprising hinterland and contemporaneous 
volcanic clastics deposited in a Neo-Proterozoic rift basin during the early part of the evolution of 

the Gariep Terrane of southern Namibia. Metals scavenged from a primary argillite mineralization 
were concentrated by late hydrothermally- driven carbonate alteration, providing a carbonate host 

to the economic deposit. Basin inversion led to oblique continental collision and complex deformation 
of the deposit, resulting in two phases of disharmonic overfolding with associated faulting and 

shearing. 

The deposit is consequently presented as a series of discrete carbonate and exhalite lenses located 

on second-phase fold hinges or steeply plunging fold limbs connected by a partially attenuated 

exhalite-dominated OEH. 

The lens names are listed in Table 7.2 and are presented in perspective and plan views in Figure 

7.5 and Figure 7.6, respectively. 

Table 7.2 Lens names 

Lens name Lens short form 

Eastern Orefield EOF 

BAE BAE 

A Mine A MINE 

Southern Orefield 1 South S1S 

Southern Orefield 3 SF3 

B Mine East BME 

Southern Orefield 1 North S1N 

Western Orefield 1 WF1 

Western Orefield 2 WF2 

Western Orefield 4 WF4 

Mountain Orebody MOB 

Northern Orefield 1 NF1 

Northern Orefield 2 NF2 

C Mine C MINE 

Western Orefield 3 WF3 
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Figure 7.5 Perspective view of the Rosh Pinah deposit 

 
Source: Provided by Trevali 2020. 
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Figure 7.6 Plan view of the Rosh Pinah deposit 

 
Source: Provided by Trevali 2020. 

Figure 7.7 to Figure 7.10 present typical geological sections, from South to North, illustrating the 

structures and locations of the defined lenses. Note the section lines are shown in Figure 7.6. 
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Figure 7.7 Section view of -960 

 
Source: Provided by Trevali 2020. 
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Figure 7.8 Section view of -660 

 
Source: Provided by Trevali 2020. 
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Figure 7.9 Section view of -180 

 
Source: Provided by Trevali 2020. 
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Figure 7.10 Section view of +240 

 
Source: Provided by Trevali 2020. 

The sulphide minerals show a high degree of alteration in the form pyrite overprinting and are highly 
and complexly intergrown. Mineral purity analyses have shown that the Fe-content of sphalerite is 

relatively high, and the Zn content is relatively low (Table 7.3). 

Table 7.3 Sphalerite and galena purity for WF3, EF1, SF3, and WF4 

Lens 
Sphalerite Galena 

Zn (%) Fe (%) Mn (%) Pb (%) Cu (%) Ag (g/t) 

WF3 60.76 5.13 0.19 85.85 0.24 0.41 

EF1 65.10 2.08 1.16 79.88 0.47 0.36 

SF3 63.04 6.16 0.24 85.28 0.56 0.18 

WF4 63.71 3.07 0.26 72.14 0.58 0.53 

The lenses have been separated into primary and secondary classifications based upon their 
materiality in the current Mineral Resource estimate. The primary lenses have been converted to 

Mineral Reserves, and the secondary lenses have not been converted. 
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7.4.5 Primary lenses 

7.4.5.1 Western Orefield 3 

Geology 

The lithology of WF3 varies along strike. From section +450 to section +330, the mineralized 

lithology is predominantly microquartzite, grading to a carbonate breccia between sections +330 

and +180 and finally to an arkose breccia from section +180 southwards. The Breccia mineralization 
lithology sections include arkose, microquartzite breccia, arkose breccia, as well as chlorite and 

biotite-chlorite schist. WF3 is interpreted to occupy a feeder zone consisting of numerous 
mineralized lenses with mostly secondary sphalerite and pyrite. The lens is cut off to the west by 

the north-west striking Northern Fault. 

On average, WF3 comprises 7% arkose / breccia, 58% carbonate, and 36% microquartzite ore. It 

grades from an arkose breccia dominated mineralization from section +90 to a carbonate dominated 
mineralization on section +210. From section +210 to +540, WF3 is almost exclusively composed 

of microquartzite and carbonate mineralization. Microquartzite mineralization becomes more 

dominant from section +330 further north. The average composition of WF3 from section +90 to 

+300 is 9% arkose / breccia, 68% carbonate, and 36% microquartzite ore. From +330 to +540 
sections, it is made up of 2% arkose / breccia, 43% carbonate, and 55% microquartzite 

mineralization. 

Structure 

The WF3 lens is interpreted to be a feeder zone consisting of numerous mineralized lenses with 
mostly secondary sphalerite and pyrite and is confined to the west by the Northern Fault (Figure 

7.10). The mineralized lenses merge into singular lenses in some areas which is interpreted to be 

due to increased fluid activity. 

The WF3 lens generally dips north-east, striking north-west (325° to 145°) and almost midway 
through the lens strike, the dip changes to south-west in the uppermost zones. Underground 

mapping of lithologies surrounding the lens has revealed that WF3 is structurally controlled by 
shears zones and argillite bands. The mineralization contacts appear to be pervasively sheared in 

places probably due to the structural effects of the Northern Fault. Three faults are modelled and 
projected in place from the south composed of SF, SF1, and NF Splay striking parallel to the Northern 

Fault causing chlorotic schist in places. Microquartzites enveloping the mineralization have slightly 

undulating, graphitic, slickenside joint planes. 

The semi-tabular WF3 lens has a highly irregular hangingwall dip and direction. Dip of the designed 

hangingwall varies from relatively flat to steep. 

Mineralization 

WF3 differs from other mined zones in terms of much greater metal zonation which impact on the 

recoverability of the different metals. Mineralization zoning in WF3 indicates a central high copper, 
iron and zinc domain which then given way to sphalerite and galena domain as it becomes distal to 

this central zone. Zinc grade above an economic resource grade is present throughout the WF3 

area, however, the higher grades encountered are restricted to distinct zones or structural bands. 

In certain areas, distinct bands / limbs of high Zn-Cu mineralization can be observed adjacent to, 

yet spatially separate from a high-grade lead limb with lower zinc grade. 

The mineralogical study on WF3 has also revealed that the alteration of gangue minerals is extensive 

in the form of biotization, chloritization, and carbonization. 
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The lithological characteristics have a large influence on the metal zonation but do not define it; the 

carbonate zones in WF3 typically present higher grade than that of the microquartzite, however, 
further metal domains can be found within the carbonate hosted zones. A small area of the WF3 

lens contains anomalously high-grade Cu mineralization situated in predominantly carbonate 
mineralization. The carbonate hosting the mainly massive sulphide mineralization, typically ranges 

in thickness between 5 m and 45 m. 

The northern and lower extents of WF3 are enriched in Pb and Ag and depleted in Cu and Fe. The 

southern extents of WF3 are Zn-Fe-Cu rich and Pb-Ag poor, and in general the material is harder. 
The ratio of microquartzite hosted mineralization to carbonate mineralization hosted mineralization 

is important as mill crushing and grinding time is harder material. 

7.4.5.2 Eastern Orefield 

The EOF consists of the EOF 1 (EF1) lens, which is the western limb of the EOF sheath fold, and 

EOF 2 (EF2) lens, which is the eastern limb (Figure 7.7). 

Geology 

Carbonate mineralization constitutes 80% of the EOF. Carbonate mineralization in the EF2 is a 

complete replacement of the primary microquartzite / argillite mineralization both in the 
hangingwall and footwall of the OEH. The carbonate mineralization is light grey, fine grained with 

irregular sugary quartzite zones. The sphalerite-galena-pyrite mineral assemblage is mostly 
disseminated throughout the carbonate. Chalcopyrite occurs as minor disseminations, while 

alabandite occurs as coarse-grained blebs in places. Figure 7.11 presents a view of the EOF 

geological model in cross section illustrating the mineralization types. 
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Figure 7.11 Eastern Orefield lithologies 

 
Source: Provided by Trevali 2020. 

Microquartzite / argillite mineralization, which accounts for approximately 15% of the 
mineralization, is pervasively silicified. The microquartzite / argillite mineralization is dark grey, fine 

grained and laminated. Sulphide mineralization (sphalerite-pyrite-galena +/- chalcopyrite) occurs 

in millimetric to centimetric bands / laminations. Minor mineralization occurs in fractures 

perpendicular to the laminae. Massive sulphide mineralization also occurs mostly in the 

microquartzite ore. 

Arkose mineralization constitutes approximately 5% of the mineralization and is mostly remobilized 

sulphides forming as veins in the breccia or immediate hangingwall. 
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Structure 

The EOF lens is considered to be situated in a Z-fold, consisting of a western syncline and an eastern 
anticline, flanked by two steeply dipping sinistral faults, the A-E and the Dennis faults with the 

central part crosscut by the Martina Fault. D2 deformation in the Trevali Rosh Pinah mine area 
consists of folds with north-northwest to south-southeast orientated axes which plunge in both 

directions (Watkeys 2001). Additionally, the D2 folds axial planes are upright to slightly westerly 
overturned, striking 326° and dipping at 65°. The D3 comprises east-west to south-west to 

north-east folds. 

Mineralization 

Zinc occurs almost entirely as the mineral sphalerite and small amount as zincian dolomite, while 
the lead occurs mainly as galena. Pyrite is the dominant sulphide gangue, with small amount of 

chalcopyrite occurring as inclusions in sphalerite and as discrete grains. Mineralization varies from 

a relatively common, coarse grained, massive variety to a less common, disseminated, or laminated. 

7.4.5.3 Southern Orefield 1 – North and South 

The Southern Orefield 1 (SF1) is comprised of Southern Orefield 1 North (S1N) and Southern 

Orefield 1 South (S1S) (see Figure 7.8). The lens lies between sections -180 and -850 on all levels. 

The SF1 lens is hosted within a thick arenitic sequence.  

S1N geology 

The main S1N lithologies are microquartzite and argillites, which are moderately to poorly 

mineralized. Carbonate is minor and, in most cases, hosts the highest-grade mineralization. 

Microquartzites and argillites are usually well laminated with disseminated pyrite. 

The hangingwall rocks consist mainly of light grey to dark grey arkoses intercalated with centimetre 
to decimetre thick argillite horizons, which in places are up to a metre thick. The textures of the 

arkoses range from fine to coarse grained, consisting of sub-rounded to angular, mainly feldspar 
and quartz grains in a fine-grained matrix. In some places the arkose sequence underwent alteration 

and is slightly silicified. 

The footwall rocks consist mainly of grey to dark grey arkoses, which are slightly silicified in places. 

The textures vary from fine to very coarse grained. Argillite or microquartzite intercalations are rare 
and, if present, are only a few centimetres thick. Millimetre to centimetre thick quartz veinlets occur 

in the arkosic unit. 

S1S geology 

S1S is similar geologically to S1N. The hanging-wall rocks consist mainly of light gray to dark gray 
arkoses intercalated with centimetre to decimetre thick argillite horizons locally up to a metre thick. 

The textures of the arkoses range from fine to coarse grained, consisting of sub-rounded to angular, 
mainly feldspar and quartz grains in a fine-grained matrix. Graded bedding with a coarse-grained 

bottom portion, a fining upward and the graded unit normally terminated with a layer of black 
argillite can be observed. The argillites are usually well laminated with disseminated pyrite occurring 

on the bedding planes. In some places the arkose sequence underwent alteration and is slightly 

silicified. 

The main mineralization is hosted in carbonate units toward the hangingwall side, which contain 
thin intercalations of arkose and / or argillite. The carbonate mineralized zone is mostly underlain 

by a thick, weakly mineralized argillite / microquartzite zone or mineralized arkose zone. 
Argillite / microquartzite beds are distinctively banded and sometimes display micro-folding and 

slumping structures. 
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The footwall rocks consist mainly of grey to dark grey arkoses, which are slightly silicified in places. 

The textures vary from fine to very coarse grained. Argillite or microquartzite intercalations are rare 
and if present only a few cm thick. Millimetre to centimetre thick quartz veinlets occur within the 

arkosic unit. 

Structure 

The upper portions of the S1N lens appear to represent a tightly folded anticline (Figure 7.12). This 
has been described as part of the western limb of the Quick Access Antiform or a subsidiary fold 

there on. The S1N is bordered to the west by the SF1 fault and by the A-mine shear to the east. 
The lower portion has been interpreted as the eastern limb of a synformal structure, cut off by 

major fault zones to the west by the SF1 Fault and to the east by the A-Mine Shear. 

The main portion of the S1S lens is hosted in the eastern limb of a synclinal structure as previously 

illustrated in Figure 7.9. The S1S lens is interpreted as a D2 fold. The upper portion of the S1S 
probably represents part of the western limb of the Quick Access Antiform or a subsidiary fold there 

on, whereas the lower portion is interpreted as the eastern limb of a synformal structure, cut off by 

major fault zones to the west and east. Figure 7.13 presents (a) a view from SSW strike direction 

illustrating that the mineralization width varies from 2 m to 10 m on section from the 210 level 
downwards, and (b) a perpendicular section view illustrating that the mineralization thickness 

decreases at depth. 

Mineralization 

The S1N lens consists of the following mineralization types: 

• Dolomite – Dolomite with sphalerite, galena, and pyrite. 

• Microquartzite – Quartzite with quartz, muscovite, K-feldspar, pyrite, and sphalerite. Galena 

is interstitial to the sphalerite. 

• Massive – Quartzite or dolomite matrix with sphalerite, galena, and pyrite. 

The S1S lens consists of the following mineralization types: 

• Dolomite – Dolomite with sphalerite, galena, and pyrite. 

Massive – Matrix of dolomite and quartz with sphalerite, galena, chalcopyrite, and pyrite. 
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Figure 7.12 S1N lens interpretation on Section -570 

 
Source: Provided by Trevali 2020. 
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Figure 7.13 S1S lens interpretation 

 
Source: Provided by Trevali 2020. 

7.4.5.4 Southern Orefield 3 

The Southern Orefield 3 (SF3) lens is in the southwestern part of the mine. The lens is between -480 

to -720 sections and 310 and -050 levels, see previous Figure 7.8. 

Geology 

The SF3 dominant mineralization types are carbonate and arkose / breccia. The carbonate 
mineralization is found in the upper levels and the mineralization becomes more arkosic in lower 

levels. Overall, there are slightly more carbonates than arkoses. There are also minor amounts of 

argillite mineralization. 

Figure 7.14 presents a view of the lithology distribution of SF3. 
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Figure 7.14 SF3 lithology distribution 

 
Source: Provided by Trevali 2020. 

Structure 

SF3 is mostly a thin lens with a number of discrete lenses. In the upper parts of SF3 (above 

140 level), the lens exists as numerous small lenses of mineralization, all having a similar strike, 

northwest-southeast, and dip steeply to the east. 

In the lower regions (below 140 level) there is only one thicker, more continuous lens. The lower 
region has a similar strike and dip as the upper regions. The Northern Fault cuts off the 

mineralization to the west, and the lens pinches off to the north, south, and at depth. 
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Mineralization 

The carbonate mineralization in SF3 is moderately to well mineralized, with semi-massive zones. 
Throughout the carbonate zone, there are remnants of the argillite / microquartzite protolith. The 

main minerals are pyrite and sphalerite, with less galena and chalcopyrite. 

The arkose mineralization is mostly hydraulic fractured arkose with the sulphides present in the 

fractures. The sulphides are mostly pyrite and sphalerite, with less galena. 

Zinc occurs almost entirely as the mineral sphalerite and mostly in the dolomites. Lead occurs 

mainly as galena. Pyrite is the main sulphide gangue mineral with small amounts of chalcopyrite. 

Mineralization varies from coarse grained massive to disseminated and laminated types. 

7.4.5.5 Secondary lenses 

BAE 

The BAE lens is located between EF1 and A Mine 2 (AM2), between sections -870 and -980 (Figure 
7.7). Primary and resource conversion drilling was carried out on both the New Geology Main 

(55º - 245º) and New BAE (30º – 210º) grids. Most of the tertiary drilling was completed on the 

BAE grids. The lens is located within existing infrastructure and hence can be easily accessed. 

Geology 

Carbonate mineralization is the dominant mineralization type, followed by microquartzite / argillite 

mineralization and minor arkose mineralization (mostly breccia induced remobilization in the 

footwall). 

Carbonate mineralization constitutes 60% of the mineralization and occurs as pinching out lenses. 
Carbonate mineralization in the BAE is a complete replacement of the primary 

microquartzite / argillite mineralization mainly in the hangingwall of the OEH. The carbonate 
mineralization is light grey, fine grained with irregular sugary quartzite zones. Sphalerite-galena-

pyrite mineral assemblage is mostly disseminated throughout the carbonate. Chalcopyrite occurs 

as minor disseminations, while alabandite occurs as coarse-grained blebs in places. 

Microquartzite and argillite mineralization comprise about 30% of the mineralization and represents 
the primary mineralization type. The microquartzite and argillite mineralization are either 

interbedded with or grade into each other. The microquartzite mineralization is pervasively silicified 
and hence competent. The microquartzite / argillite mineralization is dark grey, fine grained and 

laminated. Sulphide mineralization (sphalerite-pyrite-galena +/- chalcopyrite) occurs in millimetric 
to centimetric bands / laminations, finely disseminated and / or as massive sulphide (u2079). 

Coarse grained remobilized sulphide is also common in the microquartzite / argillite mineralization. 

Secondary remobilization is fracture induced and is commonly at an angle to primary bedding. 

Arkose mineralization constitutes approximately 10% of the mineralization and is mostly 
remobilized sulphides forming as remobilized, coarse grained and granular veins in the immediate 

footwall. Hangingwall occurrences are rare. 

Structure 

The BAE occurs on the limb of the EF1 anticline, between EF1 and AM2, with a variable dip due to 
multiple folding. The thickness of the lens also varies down dip due to the folding. Evidence of folding 

is found in core, especially in the microquartzite. 
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Mineralization 

The BAE lens is generally high grade (> 15% Zn) and mineralization is typically semi massive to 
massive or finely disseminated. Secondary remobilization is common in the siliceous and competent 

microquartzite and footwall arkose. 

Typical sulphide assemblage for the BAE lens consists of sphalerite, pyrite, galena, and minor 

occurrences of chalcopyrite. Alabandite is also abundant in the BAE. 

Sphalerite occurs as both brown and honey coloured sphalerite. It is mostly fine-grained and 

massive or disseminated although in places it is remobilized and granular. Massive sphalerite also 

occurs in the microquartzite mineralization. 

Pyrite and galena occur as fine-grained disseminations or semi massive, although in the 
microquartzite mineralization it can occur in fractures as remobilized and coarse grained. Pyrite is 

dominant in the microquartzite laminae. 

Chalcopyrite forms thin veinlets in both carbonate mineralization and microquartzite and mostly 

occurs in minor quantities. 

Alabandite occurs in association with sphalerite as veinlets or coarse crystal disseminations within 

the carbonate rich ore. 

A Mine 1 

The A Mine 1 (AM1) lens is located between sections B+20 and H+20 (Amine Grid) corresponding 

to -620 to -750 on the New Geology Main Grid (Figure 7.8). 

Geology 

Microquartzite is the dominate mineralization type followed by minor carbonate and arkose 

mineralization. 

Microquartzite predominately occurs as fine to coarse grained, dark gray and in both massive and 

laminated textures. On section F, drillhole P4718 intersected a shear zone with massive quartz 

veins. Carbonate and barite rich zones were also intersected in this borehole. 

Carbonate lenses occur as grey medium to coarse grained and banded. 

Arkosic mineralization occurs as fine grained and granular veins within the microquartzite. 

Structure 

The AM1 lens occurs on the westerly limb of the AM1 anticline, between AME to the east and SOF 

to the south-west. 

Mineralization 

Typical sulphide assemblage for the AM1 lens consists of sphalerite honey coloured and brown, 
pyrite, galena, and minor occurrences of chalcopyrite. Mineralization occurs as finely disseminated, 

semi massive to massive mineralization, in fractures and in veins. 
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8 Deposit types 

The Rosh Pinah mine has been historically interpreted as being predominantly a reworked SEDEX 
type deposit comprising a primary banded sulphide exhalite, part of which was carbonatized with 

associated remobilization and enrichment of sulphides. The secondary carbonate mineralization 

carries the higher, economic, base-metal values. 

The emplacement of the Spitskop Volcanic Complex and related mafic edifices at approximately 
752 Ma to 741 Ma drove hydrothermal plumbing along the rift-fault system of the Rosh Pinah 

Graben. Hydrothermal fluids leached base metals from the basin-fill siliciclastics which were derived 
mainly from the erosion of a Paleoproterozoic, 2.0 Ga to 1.7 Ga, calcalkaline island arc in the 

hinterland (Frimmel et al. 2004). 

The base-metal bearing brines were exhaled onto the sea floor from the present-day Western Fault 

bounding the Rosh Pinah Graben, during a period of sediment paucity and / or high sea-level. 
Exhalation was accompanied by silicification and hydraulic brecciation of the footwall. The primary 

mineralization was deposited at, or below, the sediment / seawater interface as stratiform, 
inter-banded, massive sulphide and cherty argillite (micro quartzite). Time between exhalative 

pulses determined the variation in ratio of content, of chert- exhalite and background argillitic 

sediment. 

At some stage following primary SEDEX style mineralization deposition, the hydrothermal fluid 
chemistry changed to carbonitic, either due to introduction of primary volcanogenic carbonate fluids 

or as the plumbing system tapped carbonate sediments elsewhere in the sedimentary package. 
Carbonatization of the more porous, arenitic hangingwall and footwall took preference. On-going 

base-metal exhalation was supplemented by remobilization of primary mineralization into the 

hydrothermal carbonate. 

Orogenesis at approximately 545 Ma, as a result of transpressive continental collision of the Rio de 
la Plata and Kalahari cratons, caused complex folding and faulting of the deposit. Fold style is west 

verging, asymmetric to overturned with steep plunges. Competency interplay caused considerable 
disharmony within the ductile units of the mineralized zone, both primary and secondary carbonate 

being squeezed into fold hinges. The Rosh Pinah deposit model is shown in Figure 8.1. 

There has been a major shift in thinking by RPZC in the last couple of years on the Rosh Pinah 

mineral deposit type from a predominantly SEDEX deposit to a hybrid of VMS – SEDEX. This 

approach was adopted based on new evidence and understanding. 
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Figure 8.1 Rosh Pinah deposit model 

 
Source: Provided by Trevali 2020. 
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9 Exploration 

9.1 Overview 

Since the discovery of Rosh Pinah, continued in-mine exploration has played a significant role in 

extending the life of the mine. The most recent near mine discovery was the Western Orefield 3 zone 
which was initially discovered in 2008 and continued to increase the Mineral Resources and Reserves 

which have extended the mine life. 

Prior to the acquisition of the Property by Trevali in 2018, only limited modern exploration 

techniques had previously been undertaken and there remains good exploration potential for 

delineating additional Mineral Resources adjacent to current mining areas and within EPL 2616. 

The primary goal of the 2019 exploration program was to focus on near-mine exploration targets 
with the objective to discover new resources in proximity to existing mine infrastructure and 

increase the Mineral Resources base. The company committed to exploration investment in 2019 
that included ground geophysical surveys, geochemical surveys and diamond drilling from surface 

and underground primarily focusing on extending the WF3 lens at depth and along strike to the 
north-west and the AAB lens at depth which is located in the nose of the large scale Rosh Pinah fold 

on the southern portion of the deposit. 

Exploration programs in the next few years will continue to focus on advancing near-mine 

exploration targets towards the development of new resources located within trucking distance of 
the mine, while also maintaining a necessary level of expenditures on regional programs to make 

new discoveries in the Rosh Pinah area. 

9.2 Regional exploration 

Regional exploration targets are generated using geophysical methods, mostly ground Fluxgate EM 
and air magnetics, followed up by geochemistry, both soil sampling and rock chip sampling, and 

detailed lithological and structural geological mapping using global positioning systems (GPS). 

Positive targets are followed up by diamond drilling. 

Geochemical signatures are determined by XRF36 analytical method on grab or core samples or by 
inductively coupled plasma (ICP) multi-element analysis on mineralized core samples. Downhole 

time domain electromagnetic (TDEM) on selected PVC-cased boreholes determines the physical 

characteristics, such as conductivity and alteration that might indicate mineralization. 

An extensive surface EM survey program started in early 2019 and continued throughout the year 
along the Northern Extension of the Western Orefield and along the eastern limb of the Rosh Pinah 

deposit. Several new targets have been identified, with the most prospective being conductive 

anomalies adjacent to a large rhyolite dome, 1.5 km east of the Rosh Pinah mine. Mineralization 
within the belt is associated with felsic volcanic flows and these untested targets represent highly 

prospective areas. 

The ground Fluxgate EM surveys were conducted along the northern extension of the Western 

Orefield on the Rosh Pinah-Gergarub corridor and also east of the Rosh Pinah mine to test the 
ground east of a regional fault that dissects the eastern flank of the Rosh Pinah fold are illustrated 

in Figure 9.1. The ground EM surveys began with grids adjacent to the Rosh Pinah deposit on both 
flanks of the Rosh Pinah fold and moved to the north-west along both flanks towards the Gergarub 

deposit. Targets near the mine have been defined and are drill ready, but numerous other anomalies 
on both flanks towards the north-west still need more mapping, confirmation surveys, soil and rock 

geochemistry, and prospecting before being drill ready. 
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Figure 9.1 Regional potential on the EPL along with ground fluxgate EM surveys 

 
Source: RPZC 2020. 

9.3 Near mine exploration 

Underground targets have been outlined for northern and lower extensions of WF3 as well as for 

the AAB lens, which is located directly below the mined Southern lens. The 2019 drilling program is 

discussed in Section 10.2. 

9.4 Exploration outlook 

Exploration programs in the coming years will follow-up on the success of the 2019 exploration 

program. At surface on the regional exploration front, exploration will focus on the continuation of 

the ground Fluxgate EM surveys along the Rosh Pinah-Gergarub corridor and along the eastern flank 
of the Rosh Pinah fold. The drilling programs will continue to test the northern extension of the 

Western Orefield along strike and start drill testing EM anomalies along both the Western and 

eastern flanks of the Rosh Pinah fold along strike 

With the underground drilling programs, exploration and infill drilling programs will continue to 
target Mineral Resource conversion at depth along the Western Flank of the Rosh Pinah fold on the 

Western Orefield lens and in the nose of the fold at depth at the AAB lens. 
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10 Drilling 

10.1 Introduction 

Diamond drilling is mainly used for surface exploration and underground drilling. Three types of 

drilling, which initially started as primary drilling (60 m X 60 m hole spacing) for Inferred Resources, 
secondary drilling (30 m x 30 m hole spacing) for Indicated Resources and tertiary / production 

drilling (10 m x 10 m hole spacing) for Measured Resources. Secondary drilling is a follow up on 
mineralization intersected during primary drilling, and these two phases can run concurrently. 

Tertiary drilling upgrades Indicated Resources to Measured Resources and this is the last phase of 
drilling. Surface exploration and any Inferred classification underground exploration drilling is 

performed by contractors. The Indicated and Measured classification underground exploration 

drilling is carried out by the in-house drilling crew. 

The drillhole database contains 10,730 holes for a total of 824,801 m of drilling carried out by RPZC 

to end Quarter 1 2020. Those holes are tabulated by type in Table 10.1. 

Table 10.1 Drilling from 2017 to March 2020 

 # holes Total metres Average length (m) 

Surface exploration 920 165,196 180 

UG exploration 3,123 401,390 129 

Production 6,687 258,242 39 

Total 10,730 824,801 77 

Note: The period is from January 2017 to 26 March 2020. 

All drilling is diamond core drilling and consists of BQ core size for both surface and underground 

up to 2018. In 2019 the core size changed for exploration drilling to NQ sizes for Inferred and 

Indicated Resources. Drilling is carried out using RPZC crews for underground drilling and 

contractors for surface drilling. 

10.2 Drilling progress in 2019 

Underground targets have been outlined for northern and lower extensions of WF3 as well as for 

the AAB lens, which is located directly below the mined Southern lens. A 13 holes drilling program 
was carried out from surface in 2019 as part of the exploration program and successfully extended 

the Western Orefield along strike to the north as illustrated in Figure 10.1. The 2019 underground 
exploration and infill drilling programs targeted Mineral Resource conversion at depth along the 

Western Flank of the Rosh Pinah fold at the Western Orefield lens and in the nose of the fold at 
depth at the AAB lens. Deeper exploration drilling also targeted the definition of new Mineral 

Resources at both the Western Orefield and the AAB lens. 

Table 10.2 shows the drilling statistics for 2019 and for the project as at 31 December 2019. 

Table 10.2 Drilling statistics for 2019 
 

# holes Total metres Average length (m) 

Surface exploration 13 6,199 477 

UG exploration 62 15,195 245 

Production 198 11,324 57 

Total 273 32,718 120 
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The 2019 drilling program at the Western Orefield and AAB lens was designed to test the down 

plunge continuation of the Western Flank and the nose or the Rosh Pinah fold, but also to define 
new Inferred Mineral Resources at depth. The results at the Western Orefield demonstrate the 

continuity and consistency of the mineralization from this lens, where several broad mineralized 

intervals were intercepted. 

Figure 10.1 Longitudinal view of the Rosh Pinah UG mine looking to the north-east 

 
Source: RPZC 2020. 

The Western Orefield is the northernmost centre of mineralization and the majority of the 2019 

exploration campaign focused mainly on that lens with more than 12,000 m drilled on multiple 

sections along the strike of the lens. Drilling in the nose of the Rosh Pinah fold at the AAB lens 

returned mixed results as the mineralization is more discontinuous at depth. 

Figure 10.2 is a longitudinal view of the northern extension of the Western Orefield zone looking to 

the north-east showing the drilling into the exploration trend. 
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Figure 10.2 Northern extension of the Western Orefield zone 

 
Source: RPZC 2020. 

10.3 Core handling and sampling procedures 

10.3.1 Core handling 

Accurate sample marking and core splitting is used, together with careful sample preparation and 
assaying, to ensure the highest quality assay results. The density of core pieces about 0.4 m 

minimum and 1.5 m is measured before samples are submitted to the laboratory. 

Sampling intervals are clearly marked on the core. Primary and secondary drill core is split in half. 

One half is stored with the rest of the core and the other half is sent to the laboratory for analysis. 

Tertiary / production drill core is wholly sampled. 

Verification of drillhole data (collar coordinates, downhole survey and core recovery) ensures that 

the sampled intervals are correctly and accurately located in space for geological interpretation, 

3D modelling, and grade estimation. 

The drilling procedures employed conform to industry best practice and the resultant drilling pattern 
is sufficient to interpret the geometry and the boundaries of the mineralization. All drilling sampling 

was conducted under the direct supervision of appropriately qualified geologists. There are no 
drilling, sampling, or recovery factors that could materially impact the accuracy and reliability of the 

results. 
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Core sampling is discussed in Section 11.1. Primary and secondary drill core are cut in half using a 

specialized core saw utilizing fresh water. One half of the core is stored in the coretray and the other 

half is sent to the laboratory for analysis. Tertiary / production drill core is whole core sampled. 

10.3.2 Geological logging 

Drill core is logged in the surface core processing facility by a geologist for lithological, structural, 

and geotechnical (core recovery, rock quality designation (RQD), and rock mass rating) information. 
Logging is completed on computer tablets. All borehole information is entered in an acQuire 

database. The database, which has set validation specifications with data population and validations, 

is supervised by a geo-data geologist. 

Geologists assign a mineralization deposit litho-stratigraphic zone to each of the logged lithologies 
during core logging. This method of zonation is generally referred to as Lithcodes and is based on 

the occurrence of the lithology relative to the mineralized horizon. The zonation has three major 

units: 

• Hangingwall (HW) – Stratigraphically above the interpreted mineralized horizon based on 

sections, plans, etc. 

• Ore Zone (OZ) – Mineralized OEH. 

• Footwall (FW) – Stratigraphically below the interpreted mineralized horizon based on sections, 

plans, etc. 

• Additional divisions in each zone are based on the lithological description of the specific unit 

as shown in Table 10.3. 

Table 10.3 Lithostratigraphic zones 

Lithcode Key Lithcode Key 

1 Fault (Brittle) 40 Ore Zone Arkose / Quartzite 

2 Shear Zone 50 Ore Zone Massive Ore 

3 Quartz Calcite Vein 60 Ore Zone Sugary Quartz 

4 Cavity 70 Ore Zone Carbonate 

11 HW Conglomerate 71 Ore Zone Carbonate Leached 

12 HW Argillite 72 Ore Zone Carbonate Silicified 

13 HW Microquartzite 80 Ore Zone Breccia 

14 HW Basic Schist 90 FW Arkose / Quartzite 

17 HW Carbonate 92 FW Argillite 

18 HW Breccia 93 FW Microquartzite 

19 HW Felsite / Tuff 97 FW Carbonate 

20 Ore Zone Argillite 98 FW Breccia 

30 Ore Zone Microquartzite 99 FW Felsite / Tuff 

A standardized logging form ensures consistencies in logging among the geologists and ad hoc 
validations are done by the resident geologist as part of the implemented quality assurance / quality 

control (QA/QC) system. The descriptions in all the fields are regularly reviewed and new 
information is added when appropriate. To ensure consistent geological interpretation, all lithological 

units, alteration, and mineralization assemblages are described in detail in the “Geological Work 

Procedures and Standards” documentation. 

A borehole sign-off system also ensures consistency of the geological interpretation in the assigning 

of litho-stratigraphic zones and creates a sound document trail. 
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All primary and secondary drill cores are photographed before the core is stored at the core shed. 

Since full core samples are taken in all tertiary drilling (to be sent to the laboratory), the tertiary 
drill core (or the waste part remaining after sampling) is discarded on the waste dumps and not 

stored in the core shed. 

10.3.3 Geotechnical logging 

Geotechnical logging of drillholes is performed simultaneously with geological logging and 

information is captured in the acQuire database software. 

The rock mass classification systems include: 

• RMR – Bieniawski 

• Q System – Barton 

• MRMR – Laubscher 

10.4 Surveys 

10.4.1 Collar surveys 

Drill locations for underground drillholes are marked by the mine Survey Department. Surveyors 
mark the grid lines and azimuth on the tunnel walls. Drillers are given drill instruction sheets 

showing the section lines, the direction of drilling, and the dip of the borehole. The drill foreman 

and geologist check the machine set-up before drilling starts. The mine surveyors survey the collars 

after drilling. 

10.4.2 Downhole surveying 

All regional and underground exploration drillholes deeper than 100 m are downhole surveyed with 
a Reflex tool, or historically by the Electronic Multi Shot (EMS), Sperry Sun, or Eastman instruments. 

Upon completion of every underground drillhole the Survey Department surveys the final collar 
position of the drillhole and the dip at the collar. The final depths of all boreholes are verified by 

reconciling the final depths with the recovered core and the driller’s daily log sheet where the final 
‘stick-up’ is recorded. All drillhole survey information is verified and incorporated into MineSight 

software via the geological data management software acQuire. 

10.5 Core recovery 

Rosh Pinah mine has used diamond drilling core with good core recovery and precise down-borehole 
surveys to ensure that a representative sample is able to be taken at an accurately surveyed 

3-dimensional position within the lens. Core recovery is measured by trained geological assistants 

and a core recovery of above 95% is acceptable. 

Overall, drilling conditions are considered to be good with competent lithological units in the area 
of mining. Most common lithological units are arkose, pervasively silicified and brecciated arkose 

(Breccia), argillite, silicified argillite (microquartzite), limestone / barite rich carbonates, and to 

some extent rhyolite and biotite-chloritic schists. 
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11 Sample preparation, analyses, and security 

11.1 Introduction 

The site geologist oversees the sampling procedure and ensures that the density of core is measured 

before samples are submitted to the laboratory. The geologist also ensures that the QA/QC process 
is followed during sample submission and evaluates the analytical results accordingly. Sampling 

standards used when sampling mineralized intersections (sphalerite, galena, and chalcopyrite) 

include: 

• Maximum sampling length of 150 cm. 

• Minimum sampling length of 40 cm. 

• No sampling across lithological boundaries. 

• No sampling across different alteration zones. 

• No sampling across different mineralogical assemblages. 

• All included waste is sampled. 

• 150 cm of waste is sampled on either side of the mineralized interval. 

Sampling intervals are clearly marked on the core using a yellow marker pen. Samples are 

generated from intervals of the core that intersect mineralization, either automatically or manually, 
in acQuire. Primary and secondary drill core are cut in half using a specialized core saw utilizing 

fresh water. One half is stored with the rest of the core and the other half is sent to the laboratory 

for analysis. Tertiary / production drill core is wholly sampled. 

Figure 11.1 is a schematic flow chart of the sample preparation, analysis, and QA/QC processes. 
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Figure 11.1 Sampling and analysis procedure 

 
Source: Provided by Trevali 2020. 

11.2 Sample preparation 

Samples are packaged at the core shed and registered into the Laboratory Information Management 

System (LIMS), then dispatched daily to the Rosh Pinah Mine Laboratory (RPML; laboratory) located 

on the mine site. 

On arrival, samples are checked, sorted, bar coded, and activated in LIMS. They are then crushed 
using a jaw crusher to -5.5 mm before splitting, using a Jones riffler, to obtain a representative 

sample (approximately 100 g). Samples are then mill pulverized prior to wet chemical preparation. 

11.3 Analysis 

The following elements are analyzed: Zn, Pb, Mg, Mn, Cu, and Fe by ICP and Ag by atomic absorption 

(AA). The laboratory is not internationally certified, however the umpire laboratory, ALS Vancouver 

is certified to ISO 9001:2015. 
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11.4 QA/QC 

RPZC has implemented a formal QA/QC system since 2009. Standard procedures include the 
submission of blanks, duplicate samples, and Certified Reference Materials (CRMs) to measure 

precision, accuracy, and bias in the sampling and analytical process. 

As an example of the QA/QC process this section presents the statistical interpretation of the QA/QC 

assay analyses for samples collected from underground exploration and production drilling programs 
from 1 December 2018 to 30 November 2019. The report provided by RPZC outlines the QA/QC 

system and presents the analyses for duplicates, CRMs, blanks. During this period 9,172 samples 
were analyzed at RPZC. A total of 1,863 QA/QC samples (20%) were tested including 473 duplicate 

samples, 455 CRM samples, 720 blank samples, and 215 external checks termed umpires. This is 

shown in Table 11.1 which shows the compliance for each type of control. 

Table 11.1 QA/QC insertion compliance 

Sample type No. samples Compliance 

Duplicates 473 5% 

CRMs 455 5% 

Blanks 720 8% 

Umpires 215 2% 

Total QA/QC 1863 20% 

Total samples 9172 NA 

This level of control at 5% is regarded as industry standard. It is noted that the Umpires are not 

meeting that requirement. 

11.4.1 Duplicates 

The procedure of submitting duplicates to the laboratory involves splitting every 14th sample in a 

batch into two fractions at crushing stage. 

11.4.1.1 Zinc duplicates 

Results for the Zn duplicate are 10 out of the 473 pairs plotted outside the 10% error limits. The 

correlation coefficient for the Zn duplicate is 0.9997 and a bias of 0.002 (Figure 11.2). 
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Figure 11.2 Zinc duplicates 

 
Source: AMC from data provided by RPZC. 
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11.4.1.2 Lead duplicates 

The Pb duplicates resulted in 63 out of the 473 pairs plotted outside the 10% error limits. The 

correlation coefficient for the Pb duplicate is 0.999 and a bias of 0.0013 (Figure 11.3). 

Figure 11.3 Lead duplicates 

 
Source: AMC from data provided by RPZC. 
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11.4.1.3 Silver duplicates 

The Ag duplicates resulted in 43 out of the 472 pairs plotted outside the 10% error limits. The 

correlation coefficient for the Ag duplicate is 0.9991 and a bias of -0.0033 (Figure 11.4). 

Figure 11.4 Silver duplicates 

 
Source: AMC from data provided by RPZC. 

11.4.2 Certified Reference Material 

The following African Minerals Standards (AMIS) CRMs were employed in the QA/QC process: 

• AMIS0149 

• AMIS0153 

• AMIS0157 

• AMIS0158 

All AMIS standards are certified at +/-2 δ and all laboratory analyses was considered to fail if outside 

the two standard deviation line. 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 96 
 

A pass / fail criteria and resubmission protocol were adopted. The pass / fail criteria and 

resubmission were: 

• If any one of the payable elements fail (Zn, Pb, Ag) then the CRM failed. 

• If a single assay (per batch) plots outside the 3SD line for any of the critical elements, then 
the set of samples directly above the failed CRM (including the CRM) from the blank are to be 

resubmitted for reanalysis. 

• If two assays sequential to each other (per batch) plot outside the 2SD line, then the entire 

batch was resubmitted. 

11.4.2.1 AMIS0149 

The expected values for the AMIS0149 are shown in Table 11.2. 

Table 11.2 Expected values standard AMIS0149 

Standard Elements Exp value 2 Std. Dev Min. Max. 

AMIS0149 Ag 30.1 2.3 27.8 32.4 

AMIS0149 Pb 1.71 0.08 1.63 1.79 

AMIS0149 Zn 15.37 0.54 14.83 15.91 

A total of 119 samples were assayed. Figure 11.5 shows the results of the assaying of the AMIS0149 

CRM for zinc, Figure 11.6 for lead, and Figure 11.7 for silver. 

Figure 11.5 Standard AMIS0149 – Zn 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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Figure 11.6 Standard AMIS0149 – Pb 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 

Figure 11.7 Standard AMIS0149 – Ag 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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11.4.2.2 AMIS0153 

The expected values for AMIS0153 are shown in Table 11.3. 

Table 11.3 Expected values standard AMIS0149 

Standard Elements Std. value Min. Max. Std. Dev. 

AMIS0153 Ag 19.9 18.6 21.2 0.65 

AMIS0153 Pb 1.02 0.97 1.07 0.025 

AMIS0153 Zn 8.84 8.5 9.18 0.17 

A total of 151 samples were assayed. Figure 11.8 shows the results of the assaying of the AMIS0153 

CRM for zinc, Figure 11.9 for lead, and Figure 11.10 for silver. 

Figure 11.8 Standard AMIS0153 – Zn 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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Figure 11.9 Standard AMIS0153 – Pb 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 

Figure 11.10 Standard AMIS0153 – Ag 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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11.4.2.3 AMIS0157 

The expected values for the AMIS00157 are shown in Table 11.4. 

Table 11.4 Expected values standard AMIS0157 

Standard Elements Std. value Std. Dev. Min. Max. 

AMIS0157 Ag 6.7 1.2 5.5 7.9 

AMIS0157 Pb 0.3432 0.0224 0.3208 0.3656 

AMIS0157 Zn 3.03 0.12 2.91 3.15 

A total of 168 samples were assayed. Figure 11.11 shows the AMIS0157 CRM assay results for zinc, 

Figure 11.12 for lead, and Figure 11.13 for silver. 

Figure 11.11 Standard AMIS0157 – Zn 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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Figure 11.12 Standard AMIS0157 – Pb 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 

Figure 11.13 Standard AMIS0157 – Ag 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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11.4.2.4 AMIS0158 

The expected values for the AMIS0149 are shown in Table 11.5. 

Table 11.5 Expected values CRM AMIS0158 

Standard Elements Std. value Std. Dev. Min. Max. 

AMIS0158 Ag 5.6 0.9 4.7 6.5 

AMIS0158 Pb 0.2162 0.0192 0.197 0.2354 

AMIS0158 Zn 1.62 0.06 1.56 1.68 

A total of 17 samples were assayed. Figure 11.14 shows the AMIS0157 CRM assay results for zinc, 

Figure 11.15 for lead, and Figure 11.16 for silver. 

Figure 11.14 Standard AMIS0158 – Zn 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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Figure 11.15 Standard AMIS0158 – Pb 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 

Figure 11.16 Standard AMIS0158 – Ag 

 
Notes: Orange line is +/- two standard deviations. Red line is +/- three standard deviations. 

Source: AMC from data provided by RPZC. 
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11.4.3 Blank assays 

The blank assay consists of mainly an interlaminated sandstone and limestone collected from the 
Pickelhaube Formation at a locality approximately 4 km west of Rosh Pinah. Two composites of the 

blank material were analyzed by the Mintek Laboratory by ICP spectrometry for Zn and Pb. Ag was 
analyzed for by using AA. The acceptable limits of elements analyzed for the sandstone blanks are 

summarized in Figure 11.16. 

Table 11.6 Blanks sample acceptable limits 

Element Acceptable minimum Acceptable maximum 

Ag 0 5.00 

Pb 0 0.05 

Zn 0 0.05 

Blank samples are submitted in each batch of samples submitted to the Rosh Pinah laboratory to 

determine contamination errors introduced during the sample handling process. If a blank sample 
fails, for all critical elements that blank and the samples preceding it would be resubmitted. If a 

sample swap is detected it is rectified in the database and assistants and laboratories is informed. 

A total of 720 blank samples were assayed. The results from the assays were: 

• Four zinc samples assayed higher than the 0.05% acceptable maximum. 

• Six lead samples assayed higher than the 0.05% acceptable maximum. 

• No silver samples assayed higher than the 5 ppm acceptable maximum. 

11.4.4 External assays 

A total of 215 sample pulp were sent to the umpire laboratory (ALS Vancouver) for analysis. Figure 
11.17 shows a scatter plot comparing the site assay results for the zinc pulps assayed by ALS 

Vancouver. Figure 11.18 compares the lead assay results. 
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Figure 11.17 Scatter plot external assays – Zn 

 
Source: AMC from data provided by RPZC. 

Figure 11.18 Scatter plot external assays – Pb 

 
Source: AMC from data provided by RPZC. 
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11.4.5 Conclusion 

The QA/QC results were of a high industry standard. Duplicate analyses were acceptable, 
highlighting good precision of analytical results. Whilst blanks are not certified the results show 

good cleaning of the analysis equipment is being carried out. The CRM assays were generally within 

the acceptable limits of two standard deviations. 

Based on the QA/QC results the QP considers the assay results are of a suitable standard for 

reporting of Mineral Resources. 
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12 Data verification 

12.1 Site visit 

The QP for reporting of the Mineral Resources and responsible for Sections 2 – 12 and 14 was unable 

to visit the site due to the COVID-19 virus. However other members of AMC involved in the 
preparation of this report have visited the site and confirmed the suitability of the drilling, sampling, 

and sample preparation for estimation and reporting of the Mineral Resources. 

12.2 Assay data verification 

AMC compared site laboratory assay results contained in Excel .csv files for 50 underground and 

50 surface holes to the drillhole database for holes drilled in 2018 and 2019. There were no errors 

found. 

The results of the QA/QC analyses show the sample preparation and assaying is of a high standard 

and the results can be used for estimation and reporting of the Mineral Resources. 

12.3 Mill reconciliation 

An important measure of performance at any producing mine is reconciliation to the final mill 
production figures adjusted for stockpiles as necessary, which relates to metal produced. This is 

also a validation of the block models and any short-term planning tools. 

Detailed reconciliation studies are carried out on site comparing the rings taken by stope to a mill 

production figure. There is an adjustment for stockpiles carried out and planned and unplanned 

dilution is taken into account, when calculating the mine delivered tonnage. 

The dilution applied is based on survey scans carried out by site and has ranged up to 20% in some 
months. The total mined tonnes and grade sent to the stockpile compared to the milled tonnes and 

grade per month for 2019 has been reviewed and is presented in Table 12.1. 

Table 12.1 Reconciliation for January to December 2019 
 

Sent to stockpile Milled 

Tonnes Zn (%) Pb (%) Tonnes Zn (%) Pb (%) 

January 56,713 9.26 1.27 59,266 9.48 1.18 

February 52,283 9.55 0.48 54,606 9.14 0.96 

March 63,241 9.25 0.80 57,492 10.04 0.82 

April 56,087 8.83 1.04 55,167 9.41 0.85 

May 49,944 8.75 1.29 57,801 9.11 1.07 

June 62,630 6.94 1.53 58,421 8.00 1.29 

July 56,613 8.11 1.29 59,358 7.21 1.06 

August 61,673 6.82 0.88 61,673 6.82 0.88 

September 61,393 7.36 1.46 60,459 7.42 1.47 

October 71,987 7.45 1.96 57,601 7.23 2.04 

November 58,521 7.15 1.93 60,120 7.09 1.96 

December 66,215 8.39 1.90 63,687 7.68 1.92 

Total 717,300 8.11 1.34 705,651 8.19 1.30 

Difference 1.6% -1.0% 3.2% - - - 
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For 2019 the stockpile adjustment consists of an increase in approximately 11,000 during the year. 

From a review of the tabulation it is seen that there are 1.6% more tonnes delivered to the stockpile 
than processed at the mill. As this is in line with the remaining stockpile, the model is performing 

very well based on tonnes. The grades show a reduction at the mill of 1% zinc and increase of 3% 

lead. This shows that the model and the data underpinning it performed well in 2019. 

12.4 Concluding statement 

The data is collected in a diligent fashion. The data transfer to the database has been mix of 

electronic and manual means. The internal checks are rigorous. In the QP’s opinion, the data is 

adequate for the purposes used in the Technical Report. 
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13 Mineral processing and metallurgical testing 

13.1 Introduction 

Historically, the process plant has primarily processed ore from the Eastern Orefield of the Rosh 

Pinah deposit. However, as of late 2016, increased volumes of ore from the Western Orefield has 
been processed. Future production will predominantly originate from the Western Orefield. This ore 

has been the primary focus in test work that was conducted for the PFS. 

Metallurgical test work on samples from the Western Orefield has been undertaken as part of the 

RP2.0 Expansion Project. The aim of this test work was to derive comminution parameters, establish 

the optimal primary grind size, further characterize the flotation response, confirm the optimal 

flowsheet configuration, evaluate the degree of variability and derive grade and recovery estimates. 

13.2 Previous metallurgical test work 

A number of metallurgical test work campaigns were undertaken using samples originating from 

the Western Orefield, between 2013 and 2019, at: 

• South Africa’s national mineral research organization (MINTEK) in Randburg South Africa 

• SGS Laboratories in Lakefield Canada 

• Maelgwyn Mineral Services in Johannesburg South Africa 

• SGS Laboratories in Booysens South Africa 

• Grinding Solutions Ltd (GSL) in Cornwall United Kingdom 

• Derrick Corporation in Buffalo United States 

• Roytec in Johannesburg South Africa 

• Metso in Sweden 

• PrepQuip in Johannesburg 

• Tecnicas Hidraulicas in Spain 

These historical test work programs are summarized in Table 13.1. 
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Table 13.1 Summary of previous metallurgical test work 

Description Laboratory Samples Scope Summary of key findings 

Comminution 

Test work 

(2013) 
Mintek 

Arkose, 

Carbonate, 

Microquartzite 

UCS, BCWI, 

JK Drop 

Weight, Ai, 
BRWI, BBWI 

Uniaxial compressive strength (UCS) tests classified samples 

as hard to very hard with UCS values of 191 - 291 Mpa. 

Bond crusher work index (BCWi) data indicated a 

classification of very-soft to soft with an 85th percentile BCWi 
range of 8.6 kWh/t – 11.8 kWh/t. 

Bond rod work indices (BRWi) were in the range 9.0 kWh/t – 
16.5 kWh/. 

Bond ball work indices (BBWi) were in the range 8.4 kWh/t – 
14.6 kWh/t. 

The bond test data indicated that microquartzite was the 
most competent ore type with respect to milling and crushing, 

while carbonate was classified as a soft ore. 

JK Tech drop weigh test data resulted in a classification of 
moderately hard for the Arkose and microquartzite samples 

with A*b values of 42 and 40 respectively. The carbonates 
sample was classified as very soft with an A*b value of 129. 

Comminution 

Test Work 
(2014) 

SGS 

Lakefield 

EF1 Lower, 

EF1 Upper, 

WF3 
Composite, 
WF3 Zone 2 

BBWI 

BBWI of 10.8 – 14.9 at closing screen size of 75 µm. 

BBWI of 10.7 – 14.6 at a closing screen size of 150 µm. 

BBWI of 10.5 – 14.4 at a closing screen size of 225 µm. 

Comminution 

Test Work 
(2015) 

SGS 

Booysens 

WF3 Zone 2 

Composite 
Sample 

BBWI 

BBWI of 14.9 at closing screen size of 75 µm, 14.6 at a 

closing screen size of 150 µm and 14.4 at a closing screen 

size of 225 µm. 

Comminution 

Test Work 
(2015) 

Mintek 
WF3 Zone 2 

Bulk Sample 

BBWI, CWI, 

Grindmill 

CWi of 8.6 kWh/t (85th percentile). 

BBWi of 10.6 at a closing screen size of 150 µm. 

Grindmill data was used to derive ore breakage rates for 
comminution circuit modelling. 

Comminution 

Test Work 

(2015) 
GSL  

WF3 Zone 2 

Primary 
Regrind 

Sample 

Vertimill Jar 

Mill Tests 

SMD 
Signature 
Plots 

Vertimill jar mill test work was conducted on a WF3 Zone 2 

ore sample that had a grind size of 80% passing 390 µm. The 

relative grinding rates derived from this test work were used 
to estimate the performance of a Vertimill unit. These 

simulations indicated an energy requirement of 3.8 kWh/t for 
a target grind of 80% passing 125 µm increasing to 5.2 kWh/t 

for a finer grind of 80% passing 90 µm. 

Comminution 

Test Work 

(2015) 
GSL 

Lead Rougher 

Con 

Zinc Rougher 
Con 

Vertimill Jar 

Mill Tests 

SMD 
Signature 
Plots 

The Stirred Media Detritor (SMD) performance was markedly 

better than the Vertimill for regrind of both the lead and zinc 
rougher concentrates. 

The SMD test work results indicated a specific energy 

requirement of 2.6 kWh/t to achieve a target grind of 80% 
passing 25 µm for the lead rougher concentrate. 

The SMD test work results indicated a specific energy 
requirement of 3.5 kWh/t to achieve a target grind of 80% 

passing 53 µm for the zinc rougher concentrate. 

Derrick 

Screening 
Test Work 

(2015) 

Derrick 

Corporation 

WF3 Zone 2 

Primary Milled 

Sample 

Screening 

Test Work 

Fine screening test work conducted by Derrick Corporation, 

was concluded on a WF3 Zone 2 milled ore sample (prepared 

by Mintek) using 180 µm and 250 µm aperture screens in 

order obtain design parameters for screen sizing. 
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Description Laboratory Samples Scope Summary of key findings 

Flotation 

Optimization 

Test Work 
(2015) 

Maelgwyn 

Mineral 

Services 
Africa 

WF3 Zone 2 

Composite 
containing 

7.6% Zn, 
1.6% Pb, and 

0.06% Cu 

Flotation 

testing 

which 
included: 

Mineralogy 

Study 

Grind 
Optimization 

Flowsheet 

optimization 

Locked cycle 
testing 

For Zone 2 composite sample (low Cu), zinc was mainly 

present as sphalerite and lead was present as galena with 
copper predominantly present as chalcopyrite and with minor 
bornite. Sphalerite and galena were found to be well liberated 

in the Zone 2 sample. 

A primary grind of 125 µm was found to be sufficient for 

liberation of galena from sphalerite for the composite sample. 

Regrind of the lead rougher concentrate to 80% passing 
25 µm was required to achieve a concentrate grade >50% Pb. 

Regrind of the zinc rougher concentrate to 80% passing 
53 µm was recommended for improved Zn / Si liberation. 

Locked cycle testing of the optimized flowsheet with inclusion 
of rougher concentrate regrind achieved 90% lead recovery 

at 52% grade and 93% zinc recovery at 49% grade. 

Flotation Test 

Work for 
Selective 

Copper 
Recovery 
(2015) 

Maelgwyn 

Mineral 

Services 
Africa 

WF3 Zone 1 

Composite 
containing 

11.3% Zn, 
0.2% Pb, and 
0.4% Cu 

Bulk Cu / Pb 

rougher 

flotation 
followed by 

open circuit 
cleaner 

testing 
aimed at 
selective 

copper 
recovery 

from lead 

For Zone 1 composite sample (high Cu), Zinc was mainly 

present as sphalerite and lead is present as galena (100%) 
with all copper present as chalcopyrite. Sphalerite and 

chalcopyrite galena were found to be well liberated in the 
Zone 1 sample. Galena was found to be poorly liberated in 
this sample. 

Open circuit cleaner tests aimed at selective copper recovery 
from lead achieved limited success. 

Galena depression using sodium dichromate (at a dosage rate 
of 60 g/t) was able to produce a copper concentrate with a 

copper grade of 18% and containing approximately 85% of 
the feed copper and 52% of the lead in feed. The copper 

cleaner tailings contained 35% of the lead in feed at a grade 
of 12% Pb. 

Copper depression using sodium cyanide (at a dosage rate of 

up to 20 g/t) was able to produce a lead concentrate with a 
grade of 14% Pb and containing approximately 71% of the 
feed lead and 38% of the copper in feed. The lead cleaner 

tailings contained 50% of the copper in feed at a grade of 
10% Cu. 

Pilot Scale 

Milling and 
Flotation Test 

Work (2016) 

Maelgwyn 

Mineral 
Services 

Africa 

WF3 Zone 2 

8 t Bulk 

Sample 
containing 
5.7% Zn, 

1.7% Pb, and 
0.05% Cu 

Pilot scale 

milling and 
bench scale 

flotation 

Pilot scale milling and bench scale flotation campaigns to 

produce concentrate samples that could be used for rougher 
concentrate regrind test work, final concentrate thickening 

and final concentrate filtration test work. 

Further 

Flotation 
Optimization 

Test Work on 
WF3 Ores 

(2016 / 2017) 

Mintek 

WF3 Zone 2 

Composite 
containing 

7.0% Zn, 
2.5% Pb, and 

0.09% Cu 

Flotation 

testing 

which 
included: 

Flowsheet 

optimization 
Locked cycle 
testing 

Bench scale flotation testing at a primary grind confirmed the 

previous finding that regrind of the lead rougher concentrate 

to (P80=25 µm) was required to achieve a concentrate grade 

>50% Pb. 

Testing indicated the potential for improved zinc recovery 
with the inclusion of rougher concentrate regrind (P80 = 
53 µm). 

Locked cycle testing of the optimized flowsheet with inclusion 

of rougher concentrate regrind achieved 81% lead recovery 
at 65% grade and 97% zinc recovery at 57% grade.  

Locked cycle testing highlighted high circulating loads in the 
cleaner circuit. 
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Description Laboratory Samples Scope Summary of key findings 

Further 

Flotation Test 

Work for 
Selective 
Copper 

Recovery 
from Lead 

(2016 and 
2018) 

Mintek 

WF3 Zone 1 

Composite #1 

containing 
9.4% Zn, 

0.3% Pb and 
0.5% Cu 

WF3 Zone 1 
Composite #2 

containing 
11.5% Zn, 

0.4% Pb and 
0.7% Cu 

Open circuit 

rougher and 
cleaner 

flotation 
testing 

aimed at 
selective 

copper 
recovery 
from lead 

The results showed that it was possible to achieve Cu-Pb 

separation by employing differential rougher flotation 
conditions. A single locked cycle test was able to produce 
separate copper, lead and zinc concentrates achieving: 

• Copper recovery of 72% at 22% Cu grade 

• Lead recovery of 37% at 27% Pb grade 

• Zinc recovery of 91% at 56% Zn grade 

Further differential cleaner flotation test work indicated that 
using sodium dichromate to depress galena was effective for 

depressing in the final cleaner circuit. A single locked cycle 
test of only the copper-lead circuit was able to produce 

separate copper and lead concentrates achieving: 

• Copper recovery of 71% at 23% Cu grade 

• Lead recovery of 53% at 19% Pb grade 

Lead and Zinc 

Concentrate 

Settling and 
Dewatering 
Test Work 

(2016) 

Roytec 

Lead and Zinc 

concentrate 
samples  

Thickening 

and 
Filtration 
Testing 

For the lead concentrate, a thickener feed solids 

concentration of 15 - 20% (m/m) was found to result in free 
settling rates of up to 18 m/h using SC510A flocculant at an 

addition rate of 10 g/t. A terminal underflow solids 
concentration of 65% (m/m) was achieved. 

Vacuum filtration tests achieved a moisture content of 

approximately 14 - 16% (m/m) for the lead flotation 
concentrate. This was reduced to 11 - 14% (m/m) in pressure 
filtration testing with inclusion of air drying. 

For the zinc concentrate, a thickener feed solids concentration 

of 15 - 20% (m/m) was found to result in free settling rates 
of up to 15 m/h using SC510A flocculant at an addition rate 

of 10 g/t. A terminal underflow solids concentration of 74% 
(m/m) was achieved. 

Zinc concentrate vacuum filtration tests achieved a moisture 

content of approximately 13 - 15% (m/m). This was reduced 
to 6 - 8% (m/m) in pressure filtration testing with inclusion of 
air drying. 

Lead and Zinc 

Concentrate 
Dewatering 
Test Work 

(2018 / 2019) 

PrepQuip, 

Tecnicas 
Hidraulicas 

and Metso 

Lead and Zinc 

concentrate 
samples 

Filtration 

Testing 

Lead concentrate pressure filtration tests at PrepQuip 

achieved a final moisture content of 17% (m/m) with 

inclusion of air blow at 6bar. A filter flux of 115 kg/m2/h was 
achieved in this test. 

Zinc concentrate pressure filtration tests at PrepQuip, 

Tecnicas Hidraulicas and Metso was found to be in good 
agreement. Testing at all three facilities indicated that a final 
moisture content of <9% (m/m) could be achieved with 

inclusion of air blow at 6bar. A filter flux of 150 - 200 kg/m2/h 
was achieved in this testing. 

13.3 Current PFS test work samples and scope 

This section summarizes the metallurgical test work carried out between December 2018 and 

August 2019, under the management of technical teams from RPZC, Trevali, and DRA. 

The data derived from these test work campaigns were used in conjunction with the previous test 

work results (refer to Table 13.1), to inform the mill circuit process design, establish the optimal 
primary grind size, further characterize the flotation response, confirm the optimal flowsheet 

configuration, evaluate the degree of variability and derive grade and recovery estimates. 

For most of the tests, rock samples were supplied by the RPZC geological teams, whilst additional 

drill core samples were provided for LOM locked cycle flotation test work. The rock samples, as 
detailed in the coming sections, were taken from various mining levels and geological domains to 

provide samples covering a range of grades and ore blends (predominantly focused on the carbonate 

and microquartzite). 
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13.3.1 Comminution test work 

The RP2.0 Expansion Project included comminution testing, on rock samples, by Starkey and 
Associates (Starkey) in Ontario Canada (389 kg), GSLs in Cornwall United Kingdom (281 kg), and 

Outotec in Austria (250 kg) under the management of RPZC and DRA. The Starkey campaign 

included test work at ALS Metallurgy in Western Australia and Wardell Armstrong in Cornwall, UK. 

Comminution test work included the determination of SAG design parameters (WSDT and Sd-BWi), 
Grindmill tests, Vertimill Jar mill tests, HIG mill testing and preliminary variability testing which 

included SAG variability (WSVT) BBWi and French crushability testing on variability samples from the 

Western Orefield. 

The PFS comminution test work scope is summarized in Table 13.2. 

Table 13.2 Comminution test work scope 

Laboratory Samples Scope 

Starkey (2019) 

11 x Microquartzite Variability Samples 

2 x Carbonate Variability Samples 

1 x Breccia Variability Sample 

SAG Design (WSDT and Sd-BWi) 

SAG Variability (WSVT) 

GSL (2019) 

6 x Microquartzite Variability Samples 

1 x Microquartzite Composite Sample 

2 x Carbonate Variability Samples 

2 x Breccia Variability Samples 

Grindmill, BBWi, French Crushability, 

Vertimill Jar Mill tests 

Outotec (2019) 1 x Microquartzite Bulk Composite Sample HIG Mill Test 

The comminution rock samples were sourced from current mining operations and were selected by 

the RPZC geology team to represent breccia, carbonate, and microquartzite material from the 

Western Orefield. 

The comminution test work samples are summarized in Table 13.3, Table 13.4, and Table 13.5. 

Table 13.3 Starkey comminution test work samples 

Starkey sample ID RPZC sample ID Ore type Mass (kg) 

1 WF3_-90_SDG Microquartzite 25.26 

2 WF3_-90_SDG Microquartzite 30.38 

3 WF3_-90_SDD3 Microquartzite 26.61 

4 WF3_-60_VR Microquartzite 24.44 

5 WF3_-60_VR Microquartzite 23.79 

6 WF3_000_E_Block Microquartzite 27.29 

7 WF3_000_E_Block Microquartzite 27.33 

8 WF3_000_E_Block Microquartzite 27.81 

9 WF3_-30 Breccia 24.36 

10 WF3_060_G Microquartzite 27.42 

11 WF3_060_G Microquartzite 26.14 

12 WF3_060_G Microquartzite 28.93 

13 WF3_-90_SDD2 Carbonate 32.24 

14 WF3_-90_SDD2 Carbonate 36.6 

Total   388.6 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 114 
 

Table 13.4 GSL comminution test work samples 

GSL sample ID RPZC sample ID Ore type Mass (kg) 

0001 WF3-90-BREC-1 Breccia 26.8 

0002 WF3-90-CARB-1 Carbonate 32.0 

0003 WF3-60G-MQZ-1 Microquartzite 22.4 

0004 WF3-90-BREC-2 Breccia 24.9 

0005 WF3-90-MQZ-2 Microquartzite 27.6 

0006 WF3-000-MQZ-1 Microquartzite 29.7 

0007 WF3-000-MQZ-2 Microquartzite 30.9 

0008 WF3-90-CARB-2 Carbonate 31.9 

0009 WF3-90-MQZ-1 Microquartzite 25.7 

0010 WF3-60G-MQZ-2 Microquartzite 28.8 

Total   280.7 

Table 13.5 Outotec comminution test work samples 

Outotec sample ID RPZC sample ID Ore type Mass (kg) 

0001 

1 x Western Orefield Crusher 

Product Sample from Current 

Operations 

Microquartzite / Carbonate 

Blend Sample 
250 

Total   250 

13.3.2 Flotation test work 

The PFS included bench scale flotation test work at ALS Metallurgy in Perth, under the management 

of RPZC and DRA, as well as onsite Jameson Cell pilot scale test work, under the management of 

RPZC, DRA, and Glencore Technology. 

The program included head sample analysis, mineralogy, bench scale flowsheet optimization test 
work, bench scale variability test work (on different ore types), and Jameson Cell pilot test work 

primarily focused on testing samples from the Western Orefield. 

The flotation test work samples were selected by Rosh Pinah Mineral Resources team and the 

flotation test work scope is summarized in Table 13.6. 

Table 13.6 Pre-feasibility study flotation test work scope 

Laboratory Samples Scope 

ALS (2019) 

1 x Microquartzite Master Composite 

1 x Carbonate Master Composite 

5 x Variability Composites 

Sample Compositing and Head Assay Determination 

Mineralogy 

Rougher Kinetic Testing to Establish Optimum Grind 

Open Circuit Flowsheet Validation Tests 

Locked Cycle Variability Testing 

RPZC (2019) 

(Test work on site) 

Hot Rougher Concentrate and 

Regrind Mill Product Samples from 

Current Operations 

Zinc Circuit Bench Scale Dilution Testing 

Zinc Circuit Pilot Testing 

Lead Circuit Pilot Testing 

RPZC delivered a total of 629 kg of rock samples and 57 kg of ¼ drill core samples to ALS in Perth 

in three separate batches as summarized in Table 13.7. 
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The ALS flotation test work samples, sourced from current mining operations, were selected by the 

RPZC geology team to represent carbonate, microquartzite and arkose material from the Western, 

Eastern, and Southern Orefields. 

Table 13.7 ALS flotation test work samples 

Sample batch Sample ID Ore type Ore zone Sample type Weight (kg) 

Batch 1 WF3 - 90 – SDG - MQZ Microquartzite Western Rock 29.9 

Batch 1 WF3 - 90 - SDD1 - CRB Carbonate Western Rock 30.5 

Batch 1 WF3 - 60 - PDRH - MQZ Microquartzite Western Rock 28.2 

Batch 1 WF3 - 60 - PDRH - CRB Carbonate Western Rock 25.9 

Batch 1 WF3 - 000 - SDD - CRB Carbonate Western Rock 47.7 

Batch 1 WF3 - 000 - LHD - MQZ Microquartzite Western Rock 36.5 

Batch 1 WF3 - 060 - LHD1 - CRB Carbonate Western Rock 27.2 

Batch 1 WF3 - 060 - SIL-G - MQZ Microquartzite Western Rock 26.8 

Batch 1 WF3 - 110 - LHD - CRB Carbonate Western Rock 43.7 

Batch 1 WF3 - 110 - LHD - MQZ Microquartzite Western Rock 30.8 

Batch 2 WF3 - 110 –CRB - CRB Carbonate Western Rock 37.0 

Batch 2 WF3 - 110 - MQZ Microquartzite Western Rock 28.5 

Batch 2 WF3 - 60G -CRB Carbonate Western Rock 29.0 

Batch 2 WF3 - 60G -MQZ Microquartzite Western Rock 26.0 

Batch 2 WF3 - 000 -CRB Carbonate Western Rock 28.0 

Batch 2 WF3 - 000 -MQZ Microquartzite Western Rock 30.0 

Batch 2 WF3 - 60 -CRB Carbonate Western Rock 28.0 

Batch 2 WF3 - 60 -MQZ Microquartzite Western Rock 29.5 

Batch 2 WF3 - 90 -CRB Carbonate Western Rock 37.0 

Batch 2 WF3 - 90 -MQZ Microquartzite Western Rock 29.5 

Batch 3 EF1 MQZ1 Microquartzite Eastern ¼ Core 2.5 

Batch 3 EF1 MQZ2 Microquartzite Eastern ¼ Core 2.1 

Batch 3 EF1 MQZ3 Microquartzite Eastern ¼ Core 1.4 

Batch 3 EF1 CRB1 Carbonate Eastern ¼ Core 3.9 

Batch 3 EF1 CRB2 Carbonate Eastern ¼ Core 3.1 

Batch 3 EF1 CRB3 Carbonate Eastern ¼ Core 0.6 

Batch 3 EF1 CRB4 Carbonate Eastern ¼ Core 3.4 

Batch 3 EF1 CRB5 Carbonate Eastern ¼ Core 2.8 

Batch 3 WF3 CARB1 Carbonate Western ¼ Core 2.3 

Batch 3 WF3 CARB2 Carbonate Western ¼ Core 6.5 

Batch 3 WF3 CARB3 Carbonate Western ¼ Core 4.5 

Batch 3 WF3 CARB4 Carbonate Western ¼ Core 2.4 

Batch 3 WF3 CARB5 Carbonate Western ¼ Core 2.9 

Batch 3 WF3 MQZ Microquartzite Western ¼ Core 4.1 

Batch 3 WF3 MQZ2 Microquartzite Western ¼ Core 1.1 

Batch 3 SOF MQZ1 Microquartzite Southern ¼ Core 1.9 

Batch 3 SOF MQZ2 Microquartzite Southern ¼ Core 1.5 

Batch 3 SOF CARB1 Carbonate Southern ¼ Core 4.2 

Batch 3 SOF CARB2 Carbonate Southern ¼ Core 1.2 

Batch 3 SF3 Arkose Southern ¼ Core 4.9 

Total   686.9 
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13.3.3 Settling and filtration test work 

The PFS included settling tests on lead flotation tailings. The test work was conducted at Paterson 

and Cooke in Perth, under the management of DRA. 

The PFS settling test work scope is summarized in Table 13.8. 

Table 13.8 Settling test work scope 

Laboratory Samples Scope 

Paterson and Cooke 

(2019) 

1 x Lead Flotation Tailings Bulk Sample 

Sourced from Current Operations 

Feed Characterization, Bench top Static and 

Dynamic Thickening Tests and Rheology Testing 

13.4 Pre-feasibility study test work results 

13.4.1 Comminution test work results 

13.4.1.1 Starkey SAGDesign test work 

Starkey conducted SAGDesign test work and a comminution circuit analysis with mill sizing on 

14 samples from Rosh Pinah. The samples were selected by the RPZC Mineral Resources team and 

the testing program was managed by RPZC. The SAGDesign test work was performed at ALS 
Metallurgy in Balcatta, Western Australia and Wardell Armstrong International in Cornwall, UK, 

which are accredited SAGDesign test work laboratories. 

A summary of the SAGDesign test work results in presented in Table 13.9. 

Table 13.9 Summary of SAGDesign test work results 

Sample No. Sample description  Ore type SG solids 
Calc WSAG to 

1.7 mm (kWh/t) 

SAG Dis. Bond 

BWI (kWh/t) 

1 Bucket 2 (WF3_-90_SDG) Microquartzite 2.87 8.51 - 

2 Bucket 4 (WF3_-60_VR) Microquartzite 2.88 9.37 - 

3 Bucket 6 (WF3_000_E_Block) Microquartzite 2.77 10.46 - 

4 Bucket 8 (WF3_000_E_Block) Microquartzite 2.73 10.53 17.40 

5 Bucket 9 (WF3_-30) Breccia 2.70 8.72 - 

6 Bucket 10 (WF3_060_G) Microquartzite 2.96 10.97 16.28 

7 Bucket 12 (WF3_060_G) Microquartzite 2.75 10.25 17.51 

8 WF3_000_E_Block Microquartzite 2.82 9.18 15.66 

9 WF3_060_G Microquartzite 2.78 9.39 16.38 

10 WF3_-60_VR Microquartzite 2.74 8.49 - 

11 WF3_-90_SDD2 #13 Carbonate 3.91 3.73 - 

12 WF3_-90_SDD2#14 Carbonate 3.88 3.35 9.70 

13 WF3_-90_SDG Microquartzite 2.72 9.04 - 

14 WF3_-90_SDD3 Microquartzite 2.98 7.39 - 

Average 2.96 8.53 15.49 

85th percentile 3.03 10.46 17.43 
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The average SAG mill pinion energy hardness (WSAG) of the Rosh Pinah ore was found to be 

8.53 kWh/t, which compares to the 46th percentile in the SAGDesign database, indicating that the 
ore hardness is just below average. In addition to this, the average SAG discharge Bond ball mill 

work index (Sd-BWI) was determined to be 15.5 kWh/t, which compares to the SAGDesign database 

at the 56th percentile. 

Based on test work results, the Rosh Pinah ore demonstrates significant variance in ore hardness 
between the samples tested with the SAG hardness varying between 3.4 – 11.0 kWh/t for all ore 

types. The Sd-BWI varied between 9.7 – 17.5 kWh/t for the sample population. The Carbonate 
samples had the lowest SAG hardness of 3.5 kWh/t, while the Microquartzite samples had a higher 

average SAG hardness of 9.5 kWh/t. The single Breccia sample provided had a SAG hardness of 

8.72 kWh/t. 

13.4.1.2 GSL comminution test work 

GSL, in Cornwall United Kingdom, conducted a range of comminution test work for the study. The 

samples were selected by the RPZC Mineral Resources team and the test work program was 

managed by RPZC and DRA. 

The test program included French crushability and abrasiveness characterization test work, coarse 

sample milling in a grindmill chamber, Jar mill testing, and Bond ball work index determination. 

A summary of the GSL French crushability and abrasiveness testing and Bond ball work index test 

work results are presented in Table 13.10. 

Table 13.10 Summary of BBWI and Ai variability test work results 

Sample ID Ore type 
Solids density 

(t/m3) 

French Ai 

(calculated) 

BBWi 

(kWh/t) Crushability Abrasiveness 

WF3-90-BREC-1  Breccia 2.82 40 1000 0.51 12.0 

WF3-90-BREC-2  Breccia 2.75 38 1100 0.56 11.8 

WF3-90-CARB-1  Carbonate 3.22 61 920 0.47 10.4 

WF3-90-CARB-2  Carbonate 2.83 53 1020 0.52 10.2 

WF3-60G-MQZ-1  Microquartzite 2.74 35 1440 0.73 17.5 

WF3-90-MQZ-2  Microquartzite 2.88 34 1320 0.67 14.0 

WF3-000-MQZ-1  Microquartzite 2.81 33 1620 0.83 15.3 

WF3-000-MQZ-2  Microquartzite 2.75 33 1540 0.78 15.5 

WF3-90-MQZ-1  Microquartzite 2.89 35 1320 0.67 14.2 

WF3-60G-MQZ-2  Microquartzite 2.88 32 1760 0.90 18.2 

MQZ Master Comp Microquartzite 2.83 33 1540 0.78 13.3 

Average 2.85 39 1325 0.67 13.9 

85th percentile 2.89 47 1580 0.81 16.5 

The abrasion index (Ai) data indicated that calculated Ai values were in the range 0.51 – 0.90 based 

on French abrasiveness correlations. The microquartzite samples were observed to have the highest 
abrasiveness with an average of 0.77 as compared to an average of circa 0.52 for the breccia and 

carbonate samples. 

The Bond ball work indices (BBWi) were in the range 10.2 kWh/t – 18.2 kWh/t (limiting screen size 
of 106 µm) with a classification of medium for the breccia and carbonate samples and medium-hard 

for the microquartzite samples. 
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In addition to this, the test program included coarse milling in a grindmill chamber at an energy 

input of 6.0 kwh/t to produce feed sample for further Jar mill testing. A summary of the coarse 
milling feed and product size distributions from testing on ten (10) WF3 samples is presented in 

Figure 13.1. 

Figure 13.1 Summary of GSL coarse milling feed and product size distributions (6.0 kWh/t) 

 
Source: Grinding Solutions Ltd 2019. 

The microquartzite samples were confirmed to be the hardest achieving a product size P80 of 
2850 ± 680 µm as compared to an average P80 of 346 µm and 202 µm for the Breccia and Carbonate 

samples respectively. 

The microquartzite coarse mill product samples were screened at 2 mm and the oversize fraction 

was crushed in order to produce a -2 mm feed sample suitable for Jar mill testing. The various 
samples were then subjected to a Jar mill test at a fixed energy input of 2.9 kWh/t (as determined 

from milling tests on the master composite sample). The Jar mill variability testing was aimed at 

deriving the milling energy requirements for a secondary Vertimill, which was considered as part of 

a comminution circuit trade-off study. 

A summary of the Jar mill variability testing feed and product size distributions is presented in Figure 

13.2. 
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Figure 13.2 Summary of GSL jar mill feed and product size distributions (2.9 kWh/t) 

 
Source: Grinding Solutions Ltd 2019. 

As per all previous testing, the Jar Mill variability tests confirmed the relative competency of the 
microquartzite samples. A final Jar Mill test product P80 of 102 ± 11 µm was achieved on the 

microquartzite samples, when compared to the average product P80 of 82 – 85 µm achieved for the 

breccia and carbonate samples. 

13.4.1.3 Outotec comminution test work 

A 250 kg composite sample was prepared by Rosh Pinah and sent to Outotec South Africa. Outotec 
contracted Mintek to generate an HPGR product sample with a P80 of 1,100 µm, which was deemed 

by Outotec to provide a reasonable representation of the expected ball mill product stream, for a 

milling scenario which includes secondary regrind milling. 

Outotec then sent the HPGR product sample to the Stirred Tower Mill (STM) test laboratory in Villach 

Austria for HIG mill testing in a HIG 25 pilot mill. 

Test work results indicated that the HIG mill could also be considered for the secondary grinding 
duty application and showed that the target P80 grind of 90 µm could be achieved at a specific 
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grinding energy (SGE) of 2.8 kWh/t. The DRA review of the HIG test data has raised concerns 

regarding the test product particle size distribution data which showed possible segregation of media 

due to an unseasoned charge. 

13.4.2 Bench scale flotation test work results 

Bench scale flotation test work was conducted on composite samples representing blends of 

Carbonate, Microquartzite and Arkose aligned to the expected mill feed blend. Test work was 

conducted at ALS in Perth using industry standard bench scale testing techniques. 

13.4.2.1 Sample assays 

A summary of the flotation blend composite names, compositions, and head assays is presented in 

Table 13.11. 

Table 13.11 ALS flotation test work samples 

Comp ID 
Composition (%) Al 

(%) 

Cu 

(%) 

Fe 

(%) 

Mg 

(%) 

Pb 

(%) 

S 

(%) 

SiO2 

(%) 

Zn 

(%) CRB MQZ ARK 

WF3 MQZ Master  100  3.05 0.11 9.15 1.53 0.85 12.9 46.6 6.83 

WF3 CRB Master 100   0.64 0.42 5.77 4.53 1.84 13.1 13.3 8.53 

WF3 Blend 1 60 40  1.61 0.30 7.12 3.33 1.45 13.0 26.6 7.85 

WF3 Blend 2 28 72  2.43 0.19 8.23 2.08 2.30 14.6 34.4 10.5 

WF3 Blend 3 75 25  1.18 0.35 6.79 3.30 1.63 14.0 20.2 8.31 

Later Years Blend 4 44 34 23 1.45 0.26 11.8 4.39 3.03 16.9 18.1 9.26 

LOM Blend 5 54 37 9 1.59 0.26 8.86 3.53 1.98 14.7 22.6 8.69 

At the time of concluding the test work, the preliminary mine plan data indicated that the Western 
Orefield will represent 50% to 100% of the future mill feed blend averaging 72% over LOM with an 

expected feed grade range of 6.1% to 9.2% for zinc and 1.0% to 2.1% for lead. 

The WF3 carbonate and microquartzite composites and WF3 Blends 1-3 were comprised of samples 

taken from the Western Orefield in varying ratios of microquartzite and carbonate. The later years 
Blend 4 and LOM Blend 5 contained 48% and 75% Western Orefield material respectively, with 

material from the Southern and Eastern Orefields making up the remainder. 

13.4.2.2 Ore mineralogy 

Sub-samples of the WF3 microquartzite and carbonate Master composites were ground to 80% 
passing 90 µm and submitted for mineralogical characterization using the QEMSCAN FieldScan mode 

of analysis in combination with x-ray diffraction analysis (XRD). The objective of the mineralogical 
investigation was to identify the minerals present, identify the BMS, establish grain sizes, liberation 

characteristics, and mineral associations and describe the BMS mode of occurrence. 

A summary of the mineral abundance data is presented in Figure 13.3. 
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Figure 13.3 Summary of carbonate and microquartzite mineral abundance data 

 
Source: ALS 2019. 

The mineral abundance data indicated similar mineral deportment for zinc, lead, and copper in both 
samples. The zinc is hosted by sphalerite, the lead is hosted by galena and the copper is mostly 

hosted by chalcopyrite with much less occurring in other copper sulphides. 

A summary of the sulphide and non-sulphide mineral deportment is presented in Figure 13.4 and 

Figure 13.5 respectively. 
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Figure 13.4 Summary of carbonate and microquartzite sulphide mineral deportment 

 
Source: ALS 2019. 

Figure 13.5 Summary of carbonate and microquartzite non-sulphide mineral deportment 

 
Source: ALS 2019. 
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The dominant sulphide gangue mineral in both samples is pyrite, with the microquartzite sample 

also containing minor pyrrhotite (1.97%) in addition to the more abundant pyrite (19.2%). The 

carbonate sample had lower amounts of pyrite (8.9%). 

The non-sulphide gangue mineral assemblages of the two samples were found to be distinctly 
different. For the carbonate sample, the main gangue minerals were dolomite (31.4%), barite 

(22.7%), quartz (9.6%), and feldspars (6.2%) with minor amounts of other minerals. For the 
microquartzite sample, the main gangue minerals are quartz (31.0%), feldspars (18.7%), dolomite 

(8.1%), and muscovite (5.2%) together with minor amounts of other minerals. 

The sulphide mineral liberation data is summarized in Table 13.12. 

Table 13.12 Summary of sulphide mineral liberation 

Liberation classes 

CRB MQZ CRB MQZ CRB MQZ CRB MQZ 

Sphalerite 

(mass %) 
Galena (mass %) 

Cu-sulphides 

(mass %) 

Fe-sulphides 

(mass %) 

Free 100% 45.1 37.7 34.2 21.2 35.9 18.6 33.0 29.7 

Well-Liber 90-100% 20.7 18.7 11.2 8.05 11.4 14.9 21.3 25.8 

HG Midds 60-90% 22.5 23.4 26.3 22.4 25.6 25.0 32.2 31.3 

Total >60% >60% 88.3 79.8 71.6 51.6 72.9 58.5 86.5 86.9 

MG Midds 30-60% 6.39 10.3 11.6 13.9 9.92 9.98 7.22 6.79 

LG Midds 10-30% 3.64 6.93 9.35 15.1 7.94 11.6 3.79 3.97 

Locked < 10% 1.69 2.97 7.41 19.4 9.23 19.9 2.44 2.35 

Total <30% <30% 5.33 9.90 16.8 34.5 17.2 31.5 6.24 6.31 

The key findings from the grain size and liberation analysis were as follows: 

• Sphalerite was found to have a similar P80 grain size of 82 to 84 µm in the carbonate and 

microquartzite master composite samples. 

• The sphalerite was reasonably well liberated from the other minerals (80% to 88%) with the 
Carbonate sample exhibiting better liberation with 45% of the sphalerite classified as free, 

21% well liberated and 22% in the high grade middlings fraction. In comparison to 38% free, 
19% well liberated and 23% in the high grade middlings for the Microquartzite sample. It is 

expected that the free and well liberated fractions would be readily recoverable by flotation, 
while the inclusion of concentrate regrind would assist with maximizing recovery of the high 

grade and medium grade middlings fractions. 

• The low grade middlings and locked sphalerite fraction in the carbonate and microquartzite 

samples were found to be 5.3% and 9.9% respectively. In these fractions less than 30% of 

the particle area is comprised of sphalerite which would limit the flotation recovery potential. 

• Galena was found to have a similar P80 grain size of 50 to 52 µm in the carbonate and 

microquartzite master composite samples. 

• The galena was found to be less liberated than sphalerite with 50 to 70% in the combined 

free, well liberated and high-grade middling fractions. The carbonate sample exhibited better 
liberation with 34% of the galena classified as free, 11% well liberated and 26% in the high 

grade middlings fraction. In comparison to 21% free, 8% well liberated and 22% in the high 
grade middlings for the microquartzite sample. It is expected that the free and well liberated 

fractions would be readily recoverable by flotation, while the inclusion of concentrate regrind 

would assist with maximizing recovery of the high grade and medium middlings fractions. 

• The low grade middlings and locked galena fraction in the Carbonate and microquartzite 
samples were found to be 16.8% and 34.5% respectively. In these fractions less than 30% of 

the particle area is comprised of galena which would limit the flotation recovery potential. 
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• Locking data shows that the galena is strongly associated with sphalerite in both samples and 

less commonly occurs in complex particles with other sulphide minerals. It is expected that 
regrind of the lead rougher concentrate will assist with improving galena liberation from 

sphalerite. 

13.4.2.3 Rougher kinetic test work 

Bench scale rougher kinetic tests were conducted on the microquartzite, carbonate and WF3 Blend 1 
composite samples at a target grind of 80% passing 75, 90, 125, and 150 µm. The primary objective 

of this test work was to establish the optimum primary grind. The WF3 Blend 1 composite. was 
comprised of 40% microquartzite and 60% carbonate material which at the time of testing 

represented the typical ore blend that is expected to be treated for the remainder of the current 

LOM. 

These tests were conducted at a feed solids concentration of 30% to 35% solids using the current 
Rosh Pinah rougher flotation circuit flowsheet and reagent regime as summarized in Figure 13.6 

and Table 13.13. 

Figure 13.6 Rougher kinetic testing flowsheet 

 
Source: ALS 2019. 

Table 13.13 Rougher kinetic testing reagent regime 

Operation pH 
NaCN 

(g/t) 

Aero 3418 

(g/t) 

Lime 

(kg/t) 

SIPX 

(g/t) 

CuSO4 

(g/t) 

W22 Frother 

(g/t) 

Time 

(min) 

Grinding 7 - 8 100 10      

Pb Conditioning 8.5    20   2 

Pb Ro Conc 1 8.5      5 1 

Pb Ro Conc 2 8.5      2 1 

Pb Ro Conc 3 8.5      2 2 

Pb Ro Conc 4 8.5       2 

Zn Conditioning 1 10.5       4 

Zn Conditioning 2 10.5    80 300  4 

Zn Ro Conc 1 10.5      5 1 

Zn Ro Conc 2 10.5      2 3 

Zn Ro Conc 3 10.5      2 4 

Zn Ro Conc 4 10.5      2 8 

Total  100 10 0.8 – 1.7 100 300 20 22 

The lead and zinc circuit rougher kinetic data on the individual microquartzite, carbonate and WF3 
Blend 1 composite samples indicated an improvement in recovery at finer grind. This is 

demonstrated by the reduction in the final rougher scavenger tails lead and zinc assay results as 

presented in Figure 13.7 and Figure 13.8. 
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Figure 13.7 Lead tails losses as a function of grind 

 
Source: DRA 2020. 

Figure 13.8 Zinc tails losses as a function of grind 

 
Source: DRA 2020. 
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A high-level economic analysis was concluded to select the optimal primary grind based on the 

rougher kinetic test work for the WF3 Blend 1 sample. The assessment was conducted on a 
differential cost basis and considered the relative benefit of grinding to 125, 90, and 75 µm as 

compared to the current average of approximately 140 µm. The assessment was based on an optimal 

lead rougher mass pull of 6% as derived from the kinetic data. Based on higher returns and shorter 
capital payback, the 90 µm grind was considered to offer the best value proposition relative to the 

other options. Based on this assessment, a primary grind of 80% passing 90 µm was adopted. 

13.4.2.4 Open circuit flowsheet development test work 

A series of bulk rougher and open-circuit cleaner flotation tests were conducted the WF3 Blend 1 
Composite. The aim was to evaluate the performance of the current flowsheet and operating 

conditions (baseline) as compared to the optimized flowsheet (optimized) proposed for the PFS. The 
optimized flowsheet and test conditions were derived based on historical test results, ALS rougher 

kinetic test work results, bench-scale and pilot scale test work by the RPZC site team, and 

recommendations from historical operational reviews by both DRA and external consultants. 

The flowsheet development test work indicated that the optimized flowsheet resulted in an improved 
zinc cleaner upgrade profile. The allowance for two concentrate outlets coupled with the inclusion 

of a cleaner scavenger circuit in the optimized flowsheet resulted in a significant reduction in the 

zinc cleaner circulating loads while still achieving the target concentrate grade of 50% Zn. 

The primary modifications reflected in the optimized flowsheet used for bench scale test work were 

as follows: 

• Finer primary grind of 90 µm as compared to 125 to 175 µm (average of 150 µm) for current 

operations. 

• Reduced rougher flotation feed density of 35% solids as compared to 45% for current 

operations. 

• Addition of a Jameson cleaner scalper cell to treat the zinc rougher concentrates prior to 

regrind and cleaner flotation. The Jameson Cell was simulated using 3 stages of dilute 

cleaning, as per the standard bench scale test procedure outlined by Glencore technology. 

• Classification ahead of the regrind circuits targeting 80% passing 25 µm for the lead regrind 

circuit and 80% passing 53 µm for the zinc regrind circuit. 

• Addition of a zinc cleaner scavenger circuit to allow for operation of a separate rougher and 

cleaner scavenger circuit with an overall increase in zinc circuit residence time. 

• Recycle of zinc cleaner tailings and cleaner scavenger concentrate to the regrind circuit. 

13.4.2.5 Locked cycle test work 

Four (4) locked cycle tests were conducted on WF3 Blend 1 in order to confirm the expected 
performance of the optimized flowsheet at a finer grind of 80% passing 90 µm as compared to the 

current baseline flowsheet at a grind of 80% passing 150 µm. 

In addition to this, five (5) locked cycle variability flotation tests were conducted on several ore 
blends aligned to the expected mill feed blend. The variability ore blends contained 0.85 - 3.03% Pb, 

6.83 – 10.5% Zn, and 0.11 – 0.35% Cu. 

The WF3 carbonate and microquartzite composites and WF3 Blends 1-3 comprised of material from 

the Western Orefield in varying ratios of microquartzite and carbonate. The later year’s Blend 4 and 
LOM Blend 5 contained 48% and 75% Western Orefield material respectively, with material from 

the Southern and Eastern Orefields making up the remainder. 
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A summary of the locked cycle test samples and test parameters is presented in Table 13.14. 

Table 13.14 Summary of locked cycle flotation test samples and test parameters 

Test ID Sample ID 
Composition (%) Measured feed assay (%) Grind Flowsheet 

CRB MQZ ARK Cu Pb Zn P80 Base Opt 

LCT 1 (BKF 2014) WF3 Blend 1 60 40  0.30 1.45 7.85 150 X  

LCT 2 (BKF 2019) WF3 Blend 1 60 40  0.30 1.45 7.85 150  X 

LCT 2 RPT (BKF 2027) WF3 Blend 1 60 40  0.30 1.45 7.85 150  X 

LCT 3 (BKF 2022) WF3 Blend 1 60 40  0.30 1.45 7.85 90  X 

LCT 5 (BKF 2038) WF3 MQZ Master Comp  100  0.11 0.85 6.83 90  X 

LCT 6 (BKF 2039) WF3 Blend 2 28 72  0.19 2.30 10.5 90  X 

LCT 7 (BKF 2056) WF3 Blend 3 75 25  0.35 1.63 8.31 90  X 

LCT 8 (BKF 2060) Later Years Blend 4 44 34 23 0.26 3.03 9.26 90  X 

LCT 9 (BKF 2061) LOM Blend 5 54 37 9 0.26 1.98 8.69 90  X 

The initial locked cycle tests aimed at confirming the optimum flowsheet verified the findings of the 
open circuit bench scale test work showing improved recovery for both lead and zinc with a 

significant reduction in the zinc cleaner circulating loads. 

The results of the optimized locked cycle variability tests at a primary grind of 90 µm and using the 

optimized flowsheet are presented in Table 13.15. For all tests, the results reflect mass balance 
projections based on the average assay data from the last three cycles of the bench-scale locked 

cycle flotation test. 

Table 13.15 Summary of flowsheet variability locked cycle test results 

Test / Conc 
Prim. grind 

(P80) 
Flowsheet 

Wt. 

(%) 

Grade (%) Recovery (%) 

Cu Pb Zn Fe SiO2 Cu Pb Zn Fe SiO2 

Lead conc. 

Blend 1 90 Opt 1.9 3.2 54.2 4.6 7.2 3.7 24.6 82.3 1.1 2.0 0.3 

MQZ Comp 90 Opt 1.7 0.7 32.5 5.4 9.5 17.4 10.6 68.1 1.4 1.7 0.6 

Blend 2 90 Opt 2.8 0.8 59.9 7.1 4.5 4.2 11.9 75.9 1.9 1.5 0.3 

Blend 3 90 Opt 2.2 3.8 56.7 4.4 6.5 2.4 27.1 85.0 1.1 2.3 0.3 

Blend 4 90 Opt 4.3 0.4 60.9 2.2 6.5 1.5 7.5 88.1 2.2 6.5 1.5 

Blend 5 90 Opt 2.7 1.8 60.3 4.7 6.0 2.5 21.7 86.0 1.5 1.9 0.3 

Zinc conc. 

Blend 1 90 Opt 14.1 0.9 0.6 52.3 7.5 2.2 48.9 6.4 94.5 15.1 1.2 

MQZ Comp 90 Opt 12.9 0.4 0.6 47.8 10.0 4.8 52.2 9.7 93.4 13.9 1.3 

Blend 2 90 Opt 16.5 0.5 1.1 56.3 6.1 1.9 42.5 8.4 89.6 11.9 0.9 

Blend 3 90 Opt 16.5 1.1 0.6 48.5 10.2 1.6 60.0 7.1 95.9 27.2 1.3 

Blend 4 90 Opt 15.1 0.7 0.6 53.6 8.6 0.5 47.4 2.8 89.7 8.6 0.5 

Blend 5 90 Opt 15.1 0.8 0.6 51.2 9.5 1.2 51.3 4.9 92.5 16.3 0.8 

Except for the test conducted on the microquartzite composite, the locked cycle variability test work 

achieved lead recoveries in the range 76% to 88% with a final lead concentrate grade of between 
54% and 60%. The test on the microquartzite composite achieved the lowest lead recovery and 

grade of 68% and 32% respectively. This was due to the low feed grade, of 0.85% Pb for this 
sample and agrees with the experience from current operations, where low grade and recovery is 
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achieved for lead feed grades of less than 1.0%. The low lead concentrate grade achieved for this 

test was due to increased SiO2 dilution in final concentrate. 

The locked cycle tests achieved Zinc recoveries in the range 89% to 96% with a final zinc 

concentrate grade of between 47% and 56%. The test on the microquartzite master composite 
sample had the highest silica grade in final concentrate of 4.8% as compared to 0.5% to 2.2% for 

the other tests. The zinc final concentrate contained 6% to 10% Fe with Cu and Pb concentrations 

of less than 1%. 

Blend 2 and Blend 4 achieved the lowest zinc recoveries of circa 89.6% which was unexpected, as 
these blend samples reflect the highest zinc feed grades tested. A longer zinc circuit flotation 

residence time would potentially have allowed for increased zinc recovery as there were higher zinc 

losses to the scavenger cleaner tails stream in these tests. 

The PFS test results as presented in Table 13.15 are aligned with previous 2015 / 2016 locked cycle 
test work on WF3 Zone 2 composite samples at Mintek and Maelgwyn Mineral Services which 

achieved: 

• Lead concentrates containing 31 - 65% lead at a lead recovery of 81 - 91%. 

• Zinc concentrates containing 49 - 57% zinc at a zinc recovery of 90 - 97%. 

13.4.3 Jameson Cell pilot scale test work 

DRA and Glencore Technology assisted with the development of a test work program aimed at 
assessing the metallurgical performance of a Jameson Cell treating lead and zinc rougher flotation 

concentrates in a scalper duty ahead of the cleaner flotation circuit. 

The Jameson Cell pilot test work program was designed to confirm the concentrate grade and 

recovery that could be achieved when treating rougher concentrates, both before and after the 
regrind stage. The test work included bench scale cleaner dilution tests and on-site pilot scale testing 

in a L500 / 1 pilot Jameson Cell. 

13.4.3.1 Zinc circuit Jameson Cell pilot test results 

The zinc circuit Jameson Cell pilot test campaign included 72 pilot scale optimization test runs 
evaluating several different operating regimes to evaluate the effect of air flow rate, froth depth 

and wash water addition and regrind on Jameson Cell performance. 

The optimization tests were conducted intermittently over the period January 2019 - February 2019. 

Test work was conducted on both the zinc rougher concentrate and zinc rougher concentrate regrind 
products. All tests were conducted on “hot” slurry samples collected from the existing concentrator 

plant. 

The zinc circuit pilot test results were found to be reasonably consistent, achieving the target 

concentrate grade of 50% for zinc feed grades in the range 28 to 30%. Based on the zinc circuit 
pilot test results, it was recommended that a Jameson Cell be installed on the rougher concentrate 

stream prior to regrind. This flowsheet was recommended for the following reasons: 

• When treating a rougher concentrate with a grade of c.28% to 30% zinc, it is possible to 

produce a Jameson Cell concentrate with a zinc grade of 50% at 55% to 60%recovery in a 

single stage. 

• For this flowsheet (pre-regrind) the zinc concentrate had an average SiO2 grade of 0.95%. 

This is lower than the average of 2.5% achieved in testing on the regrind product stream. 
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• The Jameson Cell is expected to operate at a mass pull of approximately 30% to 35%, which 

will reduce the cleaner circuit loading. It will also reduce the regrind circuit throughput 

requirements if installed ahead of the regrind circuit. 

• The operation of a Jameson Cell will result in a cleaner feed solids concentration of 
approximately 20% to 25% solids (w/w). This has been found to result in an improved cleaner 

circuit upgrade profile when compared to current operations where the cleaner circuit is 

operated at greater than 45% solids (w/w) in feed. 

13.4.3.2 Lead circuit Jameson Cell pilot test results 

The lead circuit Jameson Cell pilot test campaign included 36 pilot scale optimization test runs, also 

evaluating several different operating regimes to evaluate the effect of air flow rate, froth depth 

and wash water addition and regrind on Jameson Cell performance. 

The optimization tests were conducted intermittently over the period March 2019 – April 2019. 
Testing was only conducted on the lead rougher concentrate prior to regrind. All tests were 

conducted on “hot” slurry samples collected from the existing concentrator plant. 

Based on the test results, a Jameson Cell treating lead rougher concentrate in a cleaner scalper 

duty is expected to: 

• Produce a scalper concentrate with a lead grade of 40% to 45% at 20% to 25%recovery in a 

single stage, when treating a rougher concentrate with a grade of c.15% to 20% lead. 

• The Jameson Cell is expected to operate with a mass pull of approximately 8% to 12%, which 

will reduce the load on the cleaner circuit. It will also reduce the regrind circuit throughput 

requirements, if installed ahead of the regrind circuit. 

• Produce a cleaner feed solids concentration of approximately 20% to 25% solids. A lower 

cleaner circuit density has previously been recommended by Eurus Mineral Consultants based 

on flotation circuit testing and simulation which showed potential for an improved lead cleaner 

circuit upgrade profile. 

The lead circuit pilot test results were found to be more variable than those achieved in pilot test 

work on the zinc circuit. The variation was attributed to significant changes in the Jameson Cell lead 

feed grade, which was found to vary from 15% to 45%. Further test work is required to confirm the 

potential benefit of a lead circuit Jameson Cell installation. 

13.4.4 Thickening and rheology test work 

RPZC supplied lead flotation tailings samples for settling test work which was conducted at the 

Paterson and Cooke facilities in Perth, Australia. Lead flotation tailings slurry samples were sent to 
ALS for sample preparation. ALS combined the samples to produces a bulk 90 kg sample which had 
a particle size distribution of 80% passing 90 µm. A sub-sample was taken and screened at 75 µm 

to generate a sample indicative of thickener guard cyclone overflow. 

The prepared samples were dispatched to Paterson and Cooke for settling test work. RPZC also 

provided 12 buckets of process water for settling tests and for rheological characterization. 

The tailings settling test work scope included static settling tests and dynamic settling test work 

using the flocculant currently used on site. 

A summary of the tailings settling test results is presented in Table 13.16. 
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Table 13.16 Summary of lead flotation tailings dynamic settling test work results 

Description Units 
Lead flotation tailings 

Full feed Screened feed undersize 

Average Solids Density kg/m3 3250 3250 

Feed Particle Size D80 / D50 µm 85/38 44/18 

Flocculant Type - Setchem SC510A 

Flocculant Dosage g/t 15 15 

Thickener Feed Solids Concentration %m/m 12.5 10.0 

Optimum Solids Loading Rate t/m2/h 0.60 0.40 

Maximum Underflow Solids Concentration %m/m 75.5 70.5 

Required Thickener Size at 86 dtph throughput m 14 mØ 17 mØ 

Required Thickener Size at 164 dtph throughput m 19 mØ 23 mØ 

A solids loading rate of 0.60 t/m2/h and underflow solids concentration of 75% was achieved for the 

full lead flotation tailings feed stream. A solids loading rate of 0.40 t/m2/h and underflow solids 

concentration of 70% was achieved for the screened (-75 µm) lead flotation tailings stream. 

The rheological properties of the thickener underflow slurry were determined using rotational 

viscometer laminar flow data. The rheology data indicated that for both samples, the yield stress 

and plastic viscosity increased significantly above a mass solids concentration of circa 74%. 

13.5 Metallurgical performance estimate 

Due to the brownfields nature of the RP2.0 Expansion Project, the metallurgical performance 

projections have been derived using the current Rosh Pinah operational data, along with data 

derived from the PFS test work campaigns at ALS. 

The Rosh Pinah operational data from 2019 / 2020 (average grind of circa 80% passing 150 µm) 

was used as the baseline for deriving the potential recovery improvement that can be achieved for 

a finer 90 µm grind in combination with the flowsheet improvements identified in the ALS test work. 

Based on experience with test work of Rosh Pinah ores, there have been notable differences between 

bench-scale laboratory results and full-scale operational results. It is believed to be common for 

laboratory flotation performance to be better than that achieved for full scale operations due to: 

• Power: The laboratory flotation cell power (and air) inputs are extremely high (typically in the 
order of 10 kWh/m3). This may tend to give higher recoveries due to the improved fines 

(<20 µm) recovery. 

• Milling type: The milling in the laboratory is generally undertaken using a rod mill, as opposed 
to the actual plant which is often undertaken with ball milling. The difference in particle size 

distribution between these two types may influence performance. 

• Operating conditions: Laboratory operation is undertaken under controlled, ‘ideal’ conditions. 

Operational disturbances on full-scale operations such as starting and stopping of the plant 
undoubtedly cause loss of recovery. In addition, in the instance of a differential base metal 

flotation, improved mass pull control in the laboratory often allows for improved lead / zinc 

selectivity. 
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To account for this, an operational discount was applied to the locked cycle test assay data as 

follows: 

• The tails assays achieved in test work were discounted by 15%. 

• The concentrate grade achieved in test work was discounted by 2%. 

• The zinc grade in lead concentrate was calculated based on RPZC production data correlations. 

• The lead grade in zinc concentrate was calculated based on RPZC production data correlations. 

The recovery discount was calculated for each locked cycle test, using the same three product 

formula currently used by the RPZC site operations team for metal accounting purposes. A summary 

of the discounted locked cycle test date is presented in Table 13.17. 

Table 13.17 Summary of discounted locked cycle test data vs current operational data 

Description 

Feed Lead concentrate Zinc concentrate 

Grade (%) Grade (%) Recovery (%) Grade (%) Recovery (%) 

Pb Zn Pb Zn Pb Zn Pb Zn Pb Zn 

Blend 1 LCT 
1.4 7.8 

54.2 4.62 82.3 1.1 0.58 52.3 6.4 94.5 

Blend 1 Discounted 53.1 6.84 72.0 1.7 1.68 51.3 16.6 93.3 

MQZ Comp LCT 
0.9 6.8 

32.5 5.40 68.1 1.4 0.59 47.8 9.7 93.4 

MQZ Discounted 31.9 6.81 56.0 1.5 1.29 46.8 20.5 92.7 

Blend 2 LCT 
2.3 10.5 

59.9 7.08 75.9 1.9 1.10 56.3 8.4 89.6 

Blend 2 Discounted 58.7 7.41 69.1 1.9 1.88 55.2 13.8 88.5 

Blend 3 LCT 
1.6 8.3 

56.7 4.44 75.9 1.1 0.62 48.5 7.1 95.9 

Blend 3 Discounted 55.6 6.95 74.1 1.8 1.75 47.5 17.8 94.8 

Blend 4 LCT 
3.0 9.3 

60.9 4.56 88.1 2.2 0.56 53.6 2.8 89.7 

Blend 4 Discounted 59.7 7.86 77.2 3.3 2.46 52.5 12.5 87.6 

Blend 5 LCT 
2.0 8.7 

60.3 4.69 86.0 1.5 0.63 51.2 4.9 92.5 

Blend 5 Discounted 59.1 7.16 74.4 2.1 1.93 50.2 15.5 91.4 

Weighted Average Discounted 2.0 8.6 55.1 7.2 72.7 2.1 1.9 50.5 15.8 91.6 

Production Data Correlation 2.0 8.6 51.6 6.9 71.9 2.2 2.0 50.4 15.2 87.5 

Differential   3.5  0.7   -  4.1 

The discounted locked cycle test data reflects a larger recovery discount for the lead circuit (2% to 

12%) than for zinc circuit (0.7% to 2.1%). This is attributed to the low lead feed grades in 

combination with the RPZC site correlation data, which shows increased lead losses to zinc 
concentrates as compared to the ALS bench-scale laboratory test work results. Operational 

experience at RPZC has highlighted more pronounced variability in the lead concentrate grade and 
recovery due to rapid variations in feed grade (more pronounced than for zinc) and an operational 

control strategy that is focussed on maximizing the zinc recovery. 

The locked cycle test data was weighted using a lower weighting of 7.5% for samples containing 

>70% microquartzite (i.e. MQZ composite and Blend 2) and an equal weighting of 21.3% for all 
other tests. This discounted weighted average test data shows the potential for a zinc recovery 

improvement of 4.1% and a lead recovery improvement of 0.7% for the optimized flowsheet at a 

finer grind of 90 µm, when compared to the 2019 / 2020 RPZC production data. 
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In addition to the laboratory specific factors previously mentioned, there is a further potential for 

lower recovery for full scale-operations as a result of operational factors such as: 

• Variation in ore types / blends: The mine plan includes a number of ore types namely breccia, 

argillite, arkose, carbonate and microquartzite. In addition to this there is expected to be 
significant feed grade variation with the carbonate ores having notably higher Fe levels, while 

microquartzite ores are harder and contain more silica. The processing strategy thus needs to 

be altered for the different ore blends. 

• Operational control: The bench scale laboratory tests are supervised by ‘expert’ operators, 
who ensure that the flotation feed PSD is within an acceptable range and also control the 

flotation circuit mass pull. In the plant recovery losses and grade variations may occur as a 

result of variations in mill grind and flotation mass pull. 

• Brownfields inefficiencies: The current PFS is based on a brownfield’s capacity upgrade with 
provision for flowsheet improvements. Process inefficiencies will undoubtedly be present due 

to having to integrate new, modern fit for purpose equipment with older existing equipment. 

To address these issues, several initiatives can be considered to improve efficiencies and promote 

better operational control. Improved grade control ahead of the process plant is essential, while 
other control and optimization initiatives, that include advanced mill control on the SAG mill (to 

target a finer more consistent grind) and increased flotation control (to allow for improved mass 
pull control), will greatly benefit the control of plant going forward. These control initiatives, along 

with others, will reduce the operational challenges experienced on site. Following the full upgrade, 

a focused optimization campaign is recommended to maximize metal recoveries. 

Should the advanced control initiatives and operational improvements be implemented then it is 
believed that recovery benefits will be achieved, with results closer to laboratory scale results 

becoming more realizable. For the study, it is proposed that the benefits be phased over a one-year 
period up to a maximum of 100% of the benefit as indicated by test work as summarized in Table 

13.18. 

Table 13.18 Phased recovery benefit 

Production year Lead recovery benefit Zinc recovery benefit 

Year 1 0.6 3.5 

Year 2 0.7 4.1 

Year 3+ 0.7 4.1 

It is expected that a phased average zinc recovery benefit of 3.5% will be achieved in year one 

increasing to 4.1% post commissioning, ramp up, and optimization. Similarly, a lead recovery 

benefit of 0.6% to 0.7% can be achieved. 

Based on the test work data it is expected that an average zinc concentrate grade of 49% to 50% 
can be achieved, which is aligned with the 2019 / 2020 operational data. In addition, the test work 

has also shown the potential for a 3.5% improvement in lead concentrate grade relative to the 

2019 / 2020 baseline operational data. 

The test work as conducted at ALS is considered adequate for the PFS requirements, it is however 
recommended that further test work be undertaken to confirm the recovery and grade that can be 

achieved for zinc feed grades of 4 – 6% as is expected in the later years of mining. 
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13.5.1 Predicted LOM metallurgical performance 

The forecast metallurgical performance for the RP2.0 upgrade project is presented in Table 13.19. 
The correlations used are based on current (2019 / 2020) Rosh Pinah recovery and concentrate 

grade data, together with test work data derived in recent campaigns for lead and zinc. Gold and 
silver are minor components and were not measured or reported in the ALS test work campaign, 

thus the recovery projections for these metals have been based on the 2019 / 2020 production data 

correlations. 

The operational data corresponds to a coarser average grind of circa. 80% passing 150 µm. It has 

been shown that a finer 90 µm grind and optimized flowsheet as adopted for this study would 

potentially allow for grade and recovery improvements as follows: 

• On average, a lead recovery improvement of up to 0.7% and a lead concentrate grade 

improvement of 3.5%. 

• On average, a zinc recovery improvement of up to 4.1% at the same zinc concentrate grade 

as achieved for current operations. 

The metallurgical projection in Table 13.19 provides a summary of the expected metallurgical 

performance for the RP2.0 Expansion Project. The projections have been based on the following: 

• For 2020 – 2022 the projections reflect the current process plant performance estimates based 

on historical production data at a throughput rate of 0.65 to 0.71 ktpa. 

• For 2023 – 2030 the projections reflect an increase in throughput to 1.3 Mtpa in combination 

with lead concentrate grade improvement of 3.5%. A recovery benefit has also been 
incorporated into the recovery projection based on a phased recovery increase over a one-year 

period up to a maximum of 100% as indicated by the discounted locked cycle test data (refer 

Table 13.17). 

 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 134 
 

Table 13.19 Phased recovery benefit based on feed grades 

Year 2020 1 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 LOM 

Flowsheet Baseline Baseline Baseline Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade Total 

Mill feed 

Throughput (kt) 348 709 685 1,279 1,292 1,355 1,310 1,323 1,309 1,303 320 11,232 

% weight microquartzite 35.8 19.1 25.1 32.3 41.5 37.7 32.2 35.4 56.9 53.7 66.6 39.5 

Zn grade % 6.68 6.75 6.85 5.94 6.57 7.19 7.21 6.59 5.70 4.59 4.08 6.26 

Pb grade % 1.19 1.83 2.06 1.83 1.90 0.95 0.98 1.20 1.11 0.95 0.64 1.33 

Fe grade % 4.02 4.76 4.84 4.04 4.15 6.72 6.47 6.33 5.07 5.19 5.37 5.31 

Cu grade % 0.09 0.18 0.26 0.18 0.18 0.25 0.25 0.21 0.16 0.11 0.13 0.19 

Ag grade (g/t) 22.5 27.2 25.5 19.4 20.4 16.3 14.3 18.8 19.6 18.2 11.9 19.0 

Au grade (g/t) 0.01 0.07 0.13 0.13 0.12 0.02 0.03 0.02 0.02 0.02 0.02 0.06 

Pb concentrate 

% weight 1.61 2.54 2.88 2.39 2.50 1.17 1.21 1.52 1.39 1.17 0.75 1.73 

Pb grade % 45.8 50.8 52.2 54.3 54.8 46.6 46.9 49.4 48.4 46.6 41.9 50.2 

Ag grade (g/t) 584 516 441 393 401 536 462 522 577 600 520 488 

Au grade (g/t) 0.1 0.8 1.4 1.7 1.5 0.6 0.7 0.4 0.5 0.6 0.9 0.9 

Pb recovery % 61.6 70.5 73.0 71.1 72.1 57.5 58.1 62.4 60.7 57.5 49.2 63.4 

Ag recovery % 41.6 48.1 49.9 48.5 49.2 38.7 39.1 42.2 41.0 38.7 32.8 42.9 

Au recovery % 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 

Zn concentrate 

% weight 11.4 11.5 11.7 10.5 11.8 12.9 13.0 11.8 10.1 8.0 7.0 11.1 

Zn grade % 49.7 49.7 49.8 49.5 49.7 49.9 49.9 49.7 49.4 49.3 49.4 49.7 

Zn recovery % 85.1 85.2 85.4 87.5 89.1 89.9 89.9 89.1 87.7 85.6 84.4 87.8 

Notes: 1 Excludes Q1 and Q2 2020. 
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14 Mineral Resource estimates 

14.1 Introduction 

The Mineral Resource estimates for the Rosh Pinah mine are based on one block model but consist 

of numerous lenses. A total of 5 lenses were updated in 2019: WF3, SOF, SF3, AMINE, and AAB. 
These are the lenses that had been subject to drilling and mining in 2018 and 2019. All other 

domains remain unchanged from the 2018 Year-End Resource Estimate. Two other lenses, EOF, 

and BME were modelled in 2018 and are included in the statements in Table 14.1 and Table 14.9. 

Wireframing of the lenses was undertaken by the RPZC geology staff in Minesight under the 

supervision of the Technical Lead Sheron Kaviua. Resource estimation was performed by Dhaniel 

Carvahlo of Glencore Technical Services of the Zinc division in Leapfrog Edge using Dynamic 
Anisotropy and Ordinary Kriging (OK) as the estimation method. Classification wireframes were 

updated by the RPZC geology staff in Minesight. 

Mr Rodney Webster MAIG, of AMC, has reviewed the methodologies and data used to prepare the 

Mineral Resource estimates and is satisfied that they comply with reasonable industry practice. 

Mr Webster takes responsibility for these estimates. 

The block model was depleted using mining depletion surveys as at 30 June 2020. 

The high-grade mineralized domains generated had low grade envelopes developed as a 20 m buffer 

zone to assist with mine planning dilution. The low-grade envelopes were estimated using the same 
variograms parameters as defined for the high-grade domains with the first pass estimation 

parameters; this was done using Leapfrog software. 

To better define the Mineral Resource classification a five metre Indicated zone was included around 
the original high-grade zones for the SF3, SOF, and EOF lenses which had been classified as 

Measured and Indicated. 

The following variables were modelled and estimated in both the mineralized and low-grade zones 
Zn, Pb, Ag, bulk density, Mn, Mg, Fe, Cu, and Au. Note only zinc, lead, and silver are reported as 

being economic. 

A summary of Mineral Resources at Rosh Pinah as of 30 June 2020 is presented in Table 14.1. 

Mineral Resources are inclusive of Mineral Reserves. Mineral Resources are not Mineral Reserves 
and do not have demonstrated economic viability. Definitions for Mineral Resource categories used 

in this report are consistent with those defined by CIM Definition Standards (2014). 

Table 14.1 Mineral Resource summary as at 30 June 2020 

Class Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) ZnEq (%) 

Measured 8.13 7.38 2.11 25.7 9.49 

Indicated 7.97 7.08 1.22 19.8 8.52 

M&I 16.10 7.23 1.67 22.8 9.01 

Inferred 3.43 6.71 1.34 23.2 8.07 

Notes: 

• CIM Definition Standards for Mineral Resources and Mineral Reserves (2014) were used for reporting of Mineral 

Resources. 
• The Mineral Resources are stated inclusive of Mineral Reserves. 

• Mineral Resources are reported at an ZnEq cut-off grade of 4.0% which approximates a Net Smelter Return value of 
US$40/t. Zinc equivalency was estimated as ZnEq = Zn (%) + Pb (%) + [Ag (g/t) * 0.028)]. 

• Effective date of Mineral Resources is 30 June 2020. 

• The QP for the Mineral Resource estimate is Mr Rodney Webster, MAIG, of AMC. 
• Totals may not compute exactly due to rounding. 

• Mineral Resources are stated on a 100% ownership basis. 
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The QP is not aware of any environmental, permitting, legal, title, taxation, socioeconomic, 

marketing, political, or other similar factors that could materially affect the stated Mineral Resource 

estimates. 

14.2 Data used 

14.2.1 Drillhole database 

The drillhole database provided contained 9,708 drillholes with sample statistics as listed in Table 

14.2. 

Table 14.2 Drillhole database statistics 

 Length (m) Zn (%) Pb (%) Ag (g/t) 

Mean 63.24 4.974 1.36 31.09 

Median 38.66 2.44 0.39 10.00 

Std.Dev. 71.69 6.40 2.48 72.08 

Variance 5,139 40.93 6.17 5,196 

Coeff.Var. 1.13 1.29 1.83 2.32 

Minimum 0.01 0 0 0 

Maximum 701.81 66.96 49.26 9,076 

Total data 314,089 238,290 205,459 206,922 

Zero values 0 3,591 8,925 26,985 

14.2.2 Bulk density 

The bulk density values for the drill core samples were measured using the water displacement 

method. 

A sample interval was typically 1.5 m in length in the ore zone and 1.5 m in length in the waste 
zone. Selected bulk density samples were less than 5 kg each to represent as much of the geological 

interval as possible. 

The bulk density values were estimated in to blocks using OK for each lens based on the bulk density 

sample results as listed in Table 14.3. For the BME blocks the bulk density was estimated using ID2 

due the small number of samples. 

Table 14.3 Bulk density sample statistics 

Lens Number Length Mean Std. Dev. Coeff. Var. Min. Max. 

WF3 13,470 20,148.90 3.163 0.39 0.123 1.07 6.53 

SOF 1,899 2,830.90 3.066 0.30 0.10 1.56 4.71 

SF3 1,841 2,756.20 3.31 0.38 0.12 1.07 4.86 

AMINE 468 702.10 3.21 0.42 0.13 2.44 4.60 

AAB 180 273.30 2.87 0.36 0.12 2.10 3.97 

BME 90 - 3.29 0.54 0.16 2.79 4.42 

EOF 3,481 - 3.23 0.35 0.11 1.75 4.69 

The OK estimation search parameters for the bulk density estimates are listed in Table 14.4. 
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Table 14.4 Bulk density search parameters 

Lens Pass Range 1 (m) Range 2 (m) Range 3 (m) Min. samples Max. samples Max. per DH 

WF3 
1 111 57 77 4 20 3 

2 220 110 80 4 20 - 

SOF 
1 121 49 33 4 20 3 

2 350 350 150 4 20 - 

SF3 
1 128 106 85 4 20 3 

2 128 106 85 4 20 - 

AMINE 
1 36 36 36 4 20 3 

2 90 90 45 4 20 - 

AAB 
1 90 90 30 4 20 3 

2 - - - - - - 

EOF1 1 180 130 130 6 20 - 

EOF1 2 239.4 172.9 172.9 6 20 - 

EOF2 1 145 150 76 6 25 - 

EOF2 2 192.9 199.5 101.1 6 25 - 

14.3 Domain modelling 

14.3.1 Lithology and mineralized domains 

Lithology domains were not built as separate wireframes, but lithology was used as a guide to assist 

in building the mineralized domains. 

High-grade mineralized domains were modelled in Minesight using a 2D sectional interpretation 

explicit approach. The 2D sectional interpretation were modelled based on the geology and a 
4% ZnEq threshold as guide. The 2D interpretations were used to build 3D mineralized domains in 

Minesight and imported as dxf into Leapfrog software. 

The dilution envelopes extending 20 m around the mineralized domains were built in Leapfrog Geo. 

Block grades within the dilution domains were estimated using composites outside of the high-grade 

wireframes. 

14.4 Statistics, capping, and compositing 

For block grade estimation the assay samples were composted to 1.5 m length for both the 

high-grade and dilution envelope as this was the main sampling interval. No top-capping was carried 
out on the 2019 updating of the Mineral Resource models for WF3, SOF, SF3, AMINE, and AAB 

lenses. For block grades estimation the EOF lens was divided into two areas, EOF1 and EOF2. The 
top-caps used for EOF1, EOF2, and BME are listed in Table 14.5. Capping was carried out after 

compositing. 

Table 14.5 Top-capping values 

Lens Zn (%) top-cap Pb (%) top-cap Ag (g/t) top-cap 

EOF1 41 12.5 3.7 

EOF2 43 12.4 2.62 

BME 34 13 300 

The composited sample assay statistics for the high-grade domain for each of the lenses are listed 

in Table 14.6. 
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Table 14.6 Sample statistics for the high-grade domain 

Lens Metal Count Mean Std. Dev. Coef. Var. Variance Min. Max. 

WF3 

Zn 14,217 8 5.67 0.71 32.17 0.06 49.95 

Pb 14,173 1.13 1.62 1.44 2.63 0.01 28.3 

Ag 14,134 19.7 31.54 1.6 995 0.17 1,422 

SOF 

Zn 7,414 8.38 6.71 0.8 44.99 0.01 53.16 

Pb 7,411 3.5 3.29 0.94 10.81 0.01 34.01 

Ag 7,005 44 62.35 1.42 3,888 0.017 1,868 

SF3 

Zn 4,030 7.32 5.44 0.74 29.6 0.05 45.31 

Pb 4,027 3.78 2.98 0.79 8.9 0.01 26.73 

Ag 3,716 31.47 34.98 1.11 1,223 0.66 1,110 

AMINE 

Zn 6,680 8.51 6.71 0.79 45.05 0.02 61.75 

Pb 6,669 2.56 2.81 1.1 7.87 0.005 29.03 

Ag 6,073 43.06 50.66 1.18 2,566 0.04 660 

AAB 

Zn 6,680 8.51 6.71 0.79 45.05 0.02 61.71 

Pb 373 1.94 2.21 1.14 4.89 0.02 15.51 

Ag 335 63.52 66.19 1.04 4,381 0.87 406.7 

EOF1 

Zn 9,852 10.89 8.67 0.80 75.18 0.00 66.96 

Pb 9,852 2.56 2.81 1.10 7.91 0 26.36 

Ag 9,712 62 74 1.19 5,407 0 1,750 

EOF2 

Zn 10,838 12.39 8.97 0.72 80.40 0 609.34 

Pb 10.838 2.33 2.96 1.27 8.75 0 31.10 

Ag 10,696 65 110 1.68 12,025 0 2,247 

BME 

Zn 2,707 7.14 5.46 0.77 29.86 0 49.67 

Pb 2,707 2.01 2.34 1.16 5.46 0 27.01 

AG 2,613 49 83 1.68 6,816 0 1,265 

14.5 Block model and estimation 

14.5.1 Block model parameters 

The block model used to model the five lenses was rotated with a dip of 0° and azimuth of 55°. The 

block model parameters are listed in Table 14.7. 

Table 14.7 Block model parameters 
 

East North Rl 

Block size 5 5 5 

Sub-block size 1 1 1 

Origin 22,074 659,553 500 

Boundary size 2,070 790 1,025 

14.5.2 Grade estimation 

Block grades for both the high-grade domains and the surrounding envelope (referred to as zones), 

were estimated in Leapfrog Edge using dynamic anisotropy to orientate the search ellipse to better 
model the grade trends and OK was the interpolation method employed. Composites within the 

high-grade domains were used to estimate those domains and block grades within the dilution 
wireframes were estimated using composites outside of the high-grade domains, meaning that hard 

boundaries were used. 
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The kriging parameters used for both zones are listed in Table 14.8. 

Table 14.8 Variogram parameters 

 Structure 1 Structure 2 

Range 

Lens Metal Dip 
Dip 
Azi. 

Pitch Nugget Sill 1 Sill 2 Major 
Semi 
major 

Minor Major 
Semi 
major 

Minor 

WF3 

Zn 83 49 28 0.09 0.5 0.41 27 23 11 126 50 56 

Pb 83 49 173 0.1 0.5 0.4 22 10 9 105 50 31 

Ag 83 49 172 0.2 0.4 0.4 13 13 9 86 86 41 

SOF 

Zn 84 231 10 0.1 0.54 0.36 15 10 10 107 88 42 

Pb 76 231 31 0.1 0.64 0.26 17 12 7 75 97 32 

Ag 76 231 86 0.2 0.45 0.35 13 13 11 113 113 20 

SF3 

Zn 57 226 6 0.1 0.66 0.24 17 11 14 74 89 54 

Pb 53 222 116 0.1 0.64 0.26 14 14 7 52 60 32 

Ag 53 222 109 0.2 0.46 0.34 16 17 26 106 66 36 

Amine 

Zn 78 238 85 0.1 0.63 0.27 7 10 11 42 55 44 

Pb 76 241 111 0.1 0.64 0.26 14 16 13 66 65 27 

Ag 70 278 79 0.1 0.58 0.32 10 10 10 70 70 70 

AAB 

Zn 56 250 89 0.1 0.58 0.32 11 11 11 30 30 30 

Pb 56 250 89 0.1 0.64 0.26 21 13 8 29 29 39 

Ag 60 239 98 0.2 0.8 0 31 31 31 - - - 

EOF 

Zn 55 148 -80 0.61 0.11 0.28 20 20 18  65 65 65 

Pb 54 145 -53 0.52 0.4 0.8 12 14 13 33 30 22 

Ag 60 145 65 0.5 0.20 0.20 10 5 11 45 32 30 

BME 

Zn 7 -16.5 76 0.57 0.26 0.6 12 11 10 65 65 55 

Pb 150 30 -50 0.47 0.42 0.12 9 12 12.5 75 40 30 

Ag 30 69 -61 0.56 0.19 0.08 5.5 8 9 31 31 30 

The search parameters used for both zones are listed in Table 14.9. 
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Table 14.9 Search parameters 

Metal Lens Pass Range 1 Range 2 Range 3 Min. samples max. samples Max. DH 

Zn 

WF3 1 126 50 56 4 20 3 

WF3 2 240 100 80 4 20 - 

SOF 1 107 88 42 4 20 3 

SOF 2 200 160 60 4 20 - 

SF3 1 74 89 54 4 20 3 

SF3 2 170 180 75 4 20 - 

Amine 1 42 55 44 4 20 3 

Amine 2 84 110 45 4 20 - 

AAB 1 30 30 30 4 20 3 

AAB 2 90 90 40 4 20 - 

EOF 1 65 65 55 6 20 - 

EOF 2 86.5 86.5 73.2 6 25 - 

EOF 3 432.3 432.3 365.8 6 30 - 

BME 1 65 65 55 6 20 - 

BME 2 86.5 86.5 73.2 6 25 - 

BME 3 432.3 432.3 365.8 6 30 - 

Pb 

WF3 1 105 50 31 4 20 3 

WF3 2 210 100 45 4 20 - 

SOF 1 75 97 32 4 20 3 

SOF 2 160 200 55 4 20 - 

SF3 1 52 60 32 4 20 3 

SF3 2 100 120 60 4 20 - 

Amine 1 66 65 27 4 20 3 

Amine 2 120 120 27 4 20 - 

AAB 1 29 29 39 4 20 3 

AAB 2 90 90 40 4 20 - 

EOF 1 75 40 30 6 20 - 

EOF 2 99.8 53.2 39.9 6 25 - 

EOF 3 498.8 266 199.5 6 30 - 

BME 1 75 40 30 6 20 - 

BME 2 99.8 53.2 39.9 6 25 - 

BME 3 498.8 266 199.5 6 30 - 

Ag 

WF3 1 85 85 41 4 20 3 

WF3 2 160 160 60 4 20 - 

SOF 1 113 1113 20 4 20 3 

SOF 2 200 200 40 4 20 - 

SF3 1 106 66 36 4 20 3 

SF3 2 200 120 50 4 20 - 

Amine 1 70 70 70 4 20 3 

Amine 2 140 140 70 4 20 - 

AAB 1 31 31 31 4 20 3 

AAB 2 90 90 40 4 20 - 

EOF 1 31 31 30 6 20 - 

EOF 2 41.2 41.2 39.9 6 25 - 

EOF 3 206.2 206.2 199.5 6 30 - 

BME 1 31 31 30 6 20 - 

BME 2 42.1 41.2 39.9 6 25 - 

BME 3 206.2 206.2 199.5 6 30 - 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 141 
 

14.5.3 Mining depletion 

Voids were removed from the model using as-built wireframes outlining development and stoped 

out areas. 

14.6 Resource classification 

The modelled high-grade domains were classified according the CIM Definition Standards (2014) 

based on a combination of the following criteria: 

• Estimation pass – Measured and Indicated based on the first pass and Inferred on the second 

pass. 

• Mineralization and geological continuity – lesser continuous zones were classified as Inferred. 

• Drillhole spacing – Measured required a 10 m to 15 m pattern and be in the vicinity of UG 

development; Indicated 20 m to 30 m pattern and Inferred 30 m to 60 m pattern. 

The extension zone (low grade) was classified as Inferred except for a 5 m zone around the high 

grade which was classified as either Measured or Indicated Mineral Resources. 

Figure 14.1 is an example cross-section showing the Mineral Resource classification for WF3 lens. 
The high-grade domain is generally classified as Measured with a narrow zone of Indicated around 

it as described above. 
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Figure 14.1 Mineral Resource classification 

 
Source: AMC 2020. 

14.7 Block model validation 

The block grades estimated for the high-grade domains were validated and with SWATH plots 

comparing the estimated block grades to a nearest neighbour estimate. The SWATH plots are shown 
in Figure 14.2 to Figure 14.21. These plots show the estimated grades as red lines and dots and a 

nearest neighbour estimate as blue line and dots. The blue vertical lines show the volume involved 
for each 10 m spacing. The SWATH plots were prepared by RPZC and provided to AMC in February 

2020, when they were reviewed by the QP. 
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Figure 14.2 Easting SWATH plot WF3 – Zn 

 
Source: RPZC for Figure 14.2 to Figure 14.21. 

Figure 14.3 Easting SWATH plot WF3 – Pb 
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Figure 14.4 Easting SWATH plot WF3 – Ag 

 

Figure 14.5 Easting SWATH plot SOF – Zn 
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Figure 14.6 Easting SWATH plot SOF – Pb 

 

Figure 14.7 Easting SWATH plot SOF – Ag 
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Figure 14.8 Easting SWATH plot SF3 – Zn 

 

Figure 14.9 Easting SWATH plot SF3 – Pb 
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Figure 14.10 Easting SWATH plot SF3 – Ag 

 

Figure 14.11 Easting SWATH plot AMINE – Zn 
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Figure 14.12 Easting SWATH plot AMINE – Pb 

 

Figure 14.13 Easting SWATH plot AAB – Zn 
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Figure 14.14 Easting SWATH plot AAB – Pb 

 

Figure 14.15 Easting SWATH plot AAB – Ag 
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SWATH plots for the BME lens are shown in Figure 14.16 to Figure 14.18. 

Figure 14.16 SWATH plot BME – Zn 

 

Figure 14.17 SWATH plot BME – Pb 
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Figure 14.18 SWATH plot BME – Ag 

 

SWATH plots for the EOF lens are shown in Figure 14.19 to Figure 14.21. 

Figure 14.19 SWATH plot EOF – Pb 

 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 152 
 

Figure 14.20 SWATH plot EOF – Pb 

 

Figure 14.21 SWATH plot EOF – Ag 

 

The results of the SWATH plots show the block grades have been estimated to an industry standard 

level of accuracy. 
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14.7.1 Mineral Resource estimate 

The estimated Mineral Resource above a cut-off 4% ZnEq is shown in Table 14.10 for the seven 

lenses WF3, SOF, SF3, AMINE, AAB, EOF, and BME. 

Table 14.10 Mineral Resources as at 30 June 2020 

Lens / class Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) ZnEq (%) 

WF3 

Measured 4.26 7.25 1.17 18.7 8.95 

Indicated 6.69 7.14 0.97 17.2 8.60 

Inferred 2.40 6.23 1.06 16.3 7.75 

SOF 

Measured 1.05 7.92 3.22 33.1 12.07 

Indicated 0.32 6.08 2.82 20.1 9.46 

Inferred 0.09 4.02 0.89 13.1 5.27 

SF3 

Measured 1.44 6.94 3.73 27.3 11.44 

Indicated 0.25 4.36 1.85 14.9 6.63 

Inferred 0.00 4.03 2.10 21.9 6.74 

AMINE 

Measured 0.56 7.66 2.45 43.92 11.34 

Indicated 0.27 7.29 2.27 33.71 10.50 

Inferred 0.24 7.01 1.94 26.10 9.68 

AAB 

Measured - - - - - 

Indicated - - - - - 

Inferred 1.20 7.54 1.99 59.2 11.19 

EOF      

Measured 0.60 8.78 2.70 60.2 13.17 

Indicated 0.40 8.60 2.91 66.7 13.37 

Inferred 0.51 8,98 2.26 51.4 12.67 

BME      

Measured 0.22 5.45 1.77 59.0 8.88 

Indicated 0.04 5.42 1.97 65.3 9.22 

Inferred 0.20 7.45 2.00 53.6 10.96 

Total 

Measured 8.13 7.38 2.11 25.7 9.49 

Indicated 7.97 7.08 1.22 19.8 8.52 

M&I 16.10 7.23 1.67 22.8 9.01 

Inferred 3.43 6.71 1.34 23.2 8.07 

Notes: 

• CIM Definition Standards for Mineral Resources and Mineral Reserves (2014) were used for reporting of Mineral 

Resources. 
• The Mineral Resources are stated inclusive of Mineral Reserves. 

• Mineral Resources are reported at a 4% ZnEq cut-off grade which approximates a Net Smelter Return value of 
US$40/t. 

• Zinc equivalency was estimated as ZnEq = Zn (%) + Pb (%) + [Ag (g/t) * 0.028)]. 
• Effective date of Mineral Resources is 30 June 2020. 
• The QP for the Mineral Resource estimate is Mr Rodney Webster, MAIG, of AMC. 

• Totals may not compute exactly due to rounding. 
• Mineral Resources are stated on a 100% ownership basis. 
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The projected LOM full breakeven cut-off value for the PFS is approximately US$50/t. 

14.8 Comparison to previous Mineral Resource estimate 

A comparison between the current Mineral Resource estimate, which is effective 30 June 2020, and 

the Mineral Resource statement dated 31 December 2017 taken from the 2018 RPA Technical Report 

is presented in Table 14.11. Principal changes since the 31 December 2017 estimate are: 

• Ongoing depletion of Mineral Resources due to mining. 

• Additional drilling. 

Table 14.11 Comparison of 2020 and 2017 Mineral Resources 

Class 
AMC 30 June 2020 RPA 31 December 2017 

Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) 

Measured 8.13 7.38 2.11 25.7 4.37 8.5 1.9 27 

Indicated 7.97 7.08 1.22 19.8 6.40 7.3 1.5 24 

M & I 16.10 7.23 1.67 22.8 10.76 7.8 1.7 25 

Inferred 3.43 6.71 1.34 23.2 3.00 6.5 1.1 31 
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15 Mineral Reserve estimates 

15.1 Introduction 

The Mineral Resources upon which the Rosh Pinah Mineral Reserves are based have been discussed 

in detail in Section 14. The Mineral Resources are located in areas where RPZC has mining permits. 

To convert Mineral Resources to Mineral Reserves, mining cut-off grades were applied, mining 

dilution was added, and mining recovery factors were assessed. Only Measured and Indicated 

Resources were used for Mineral Reserve estimation. 

Mr Andrew Hall of AMC is the QP for reporting of the Mineral Reserve estimate. The Mineral Reserve 
is reported in accordance with CIM Definition Standards for Mineral Resources and Mineral Reserves 

(2014). 

The Mineral Reserve estimate is reported above a projected full breakeven Net Smelter Return 

(NSR) cut-off value of US$50/t, as shown in Table 15.1. 

Table 15.1 Mineral Reserve estimate as at 30 June 2020 

Classification Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Zn (kt) Pb (kt) Ag ('000 oz) 

Proven 4.24 7.32 1.99 23.7 310 84 3,221 

Probable 6.99 5.62 0.93 16.2 395 65 3,671 

Total 11.23 6.26 1.33 19.0 705 149 6,892 

Notes: 

• Mineral Reserves were estimated at an NSR cut-off value of US$50 per tonne. 
• NSR values were calculated based on average metal prices of US$1.11/lb Zn, US$0.93/lb Pb, and US$19.81/oz Ag. 

• The average processing recoveries used were 88.0% for zinc, 65.8% for lead, and 43.5% for silver. 
• Dilution (Inferred and unclassified material set to zero grade) assumed as a minimum of 1.0 m on each hangingwall 

and 0.5 m on each footwall. 
• Mining recovery factors assumed as a minimum of 95%. 
• Mineral Reserves are reported based on mined ore delivered to the plant as mill feed. 

• The average exchange rate used was N$16.69 = US$1.00. 
• Rounding of some figures may lead to minor discrepancies in totals. 

• Mineral Reserves are stated on a 100% ownership basis. 

In the Technical Report the term lens is used to describe mineralization and zone is used to describe 

mining areas from Section 15. 

15.2 Mineral Reserve estimation method 

Past mining (since 1969) has resulted in significant voids located within the historical and currently 

mined ore zones. Previously mined stope and development voids were excluded from the Mineral 

Resource models. 

The Mineral Reserve estimation is based on current and future planned underground stoping 
practices. Initially, the current longhole open stoping (LHOS) mining method without backfill in an 

overall top-down and Primary / Secondary / Tertiary mining sequence will continue at Rosh Pinah. 
Once the paste backfill plant is commissioned the mining method will, in general, transition to LHOS 

with paste backfill in either a bottom-up Primary-Secondary mining sequence (western zone) or a 

bottom-up continuous mining sequence (eastern and southern-central zones). The mining methods 

are detailed in Section 16. 

All mine design and scheduling was completed to a level of detail appropriate for a PFS using Mineral 

Resource models generated by Trevali and modified by AMC as described in Section 14. 
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15.3 Orebody geometry 

The Mineral Resources included in the mine plan occur within five distinct lenses. The lenses are 
typically steeply dipping (approximately 80°) and generally vary in true width from 2 m to more 

than 30 m, with an average width of approximately 20 m. 

Most of the Mineral Reserves (approximately 70%) are located within the WF3 zone, which has a 

vertical extent of approximately 500 m, extending from 100 Rl to depths greater than -400 Rl. The 

average true width of the WF3 mineralized zone is approximately 25 m. 

Figure 15.1 shows an isometric view of the Rosh Pinah zones, the historical workings, and the PFS 

mine design with average stope NSR value. 

Figure 15.1 Isometric view showing the Rosh Pinah zones, historical workings, & mine design 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

15.4 Cut-off grade 

An NSR value field was generated in the Mineral Resource model and used to identify the economic 

stopes. The full breakeven cut-off value selected for the Mineral Reserve of US$50/t is above the 
projected steady-state (2023 to 2029) total operating plus sustaining capital cost. The actual 

year-to-date as at 30 June 2020 (2020 YTD, 0.7 Mtpa) and projected steady-state (steady-state, 
1.3 Mtpa) operating plus sustaining capital costs of US$63.1/t and US$47.4/t respectively are shown 

in Table 15.2. 
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Table 15.2 Actual and projected operating and sustaining capital costs 

Description Unit 2020 YTD Steady-state (2023-2029) 

Mining operating cost US$/t ore 23.9 24.4 

Processing operating cost US$/t ore 12.2 8.7 

G&A operating cost US$/t ore 7.4 5.7 

Total operating costs US$/t ore 43.5 39.0 

Sustaining capital US$/t ore 19.6 8.4 

Total operating plus sustaining capital cost US$/t ore 63.1 47.4 

Key parameters for the NSR calculation are summarized in Table 15.3. 

Table 15.3 NSR calculation parameters 

Parameter field Unit Average parameter value 

Zinc price US$/lb 1.11 

Lead price US$/lb 0.93 

Silver price US$/oz 19.81 

Zinc recovery % 88.0 

Lead recovery % 65.8 

Silver recovery % 43.5 

Zinc concentrate grade % 50.0 

Lead concentrate grade % 50.5 

Silver in Lead concentrate grade g/t 439.3 

Zinc concentrate treatment and refining charge US$/dmt 204.8 

Lead concentrate treatment and refining charge US$/dmt 119.1 

Concentrate ocean freight US$/wmt 60.0 

Silver refining cost US$/oz 1.1 

Zinc concentrate moisture % 8.0 

Lead concentrate moisture % 6.0 

Zinc payable % 85.0 

Lead payable % 95.0 

Silver payable % 95.0 

Zinc deduction in zinc concentrate (%) 8.0 

Lead deduction in lead concentrate (%) 3.0 

Silver deduction in lead concentrate  (g/dmt) 50.0 

Full breakeven NSR cut-off value US$/t 50.0 

15.5 Dilution and mining recovery estimates 

Mineable Shape Optimizer (MSO) software was used to produce stope shapes based on a US$50/t 

cut-off value and practical design criteria. Only stope shapes with an average NSR value greater 

than the cut-off value were considered for the Mineral Reserves estimation. 
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There are two main sources of dilution in the mining of open stopes: 

• Planned dilution, which is the dilution required to achieve a practical stope shape and can 

include waste to conform with the minimum mining width. 

• Unplanned dilution, which is the dilution that is outside of the planned stope shape and is 
predominantly due to overbreak associated with blasting practices and geotechnical 

conditions. 

The stope shapes developed were inclusive of the planned and unplanned dilution required to extract 

the mineralized material. The hangingwall and footwall dilution skins applied were 1.0 m and 0.5 m 

respectively. 

In addition, an operational dilution factor was applied to allow for paste exposures and floor dilution. 

Due to inefficiencies in mining recovery from the stopes, small amounts of mineralized material may 

also be lost during the final stope cleanout, and additional minor losses may occur in transit from 
the stopes to the processing plant. Hence, a mining recovery factor was applied to account for these 

losses. 

The dilution and mining recovery estimates applied within the mine design and schedule are shown 

in Table 15.4. 

Table 15.4 Average dilution and mining recovery estimates 

Mining method 
Planned 

dilution 

Unplanned 

dilution 

Operational 

dilution 

Mining 

recovery 
Comment 

LHOS without backfill 18.1% 7.0% 4.9% 85% 

Weighted average mining recovery of 

Primary (94%), Secondary (84%), and 
Tertiary stopes (55%) 

LHOS with paste backfill 16.8% 5.3% 4.3% 95% Average mining recovery of all stopes 

15.6 Mineral Reserves 

The Mineral Reserve estimate is reported for each zone above an NSR cut-off value of US$50/t, as 

shown Table 15.5. 
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Table 15.5 Mineral Reserve estimate as at 30 June 2020 

Classification Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Zn (kt) Pb (kt) Ag ('000 oz) 

WF3 

Proven 2.58 7.37 0.40 17.1 190 29 1,420 

Probable 5.57 6.28 0.76 15.3 350 47 2,744 

Proven & Probable 8.15 6.63 1.17 15.9 540 77 4,163 

SOF 

Proven 0.64 7.94 3.19 34.2 51 20 703 

Probable 0.59 2.25 0.97 8.0 13 6 151 

Proven & Probable 1.23 5.21 2.13 21.7 64 26 854 

SF3 

Proven 0.66 7.31 4.00 23.5 48 26 495 

Probable 0.31 1.50 0.77 5.2 5 2 51 

Proven & Probable 0.96 5.47 2.97 17.6 53 29 545 

EOF 

Proven 0.17 8.20 3.31 61.1 14 6 340 

Probable 0.48 5.29 1.83 42.1 26 9 653 

Proven & Probable 0.66 6.06 2.22 47.1 40 15 993 

BME 

Proven 0.19 3.73 1.32 43.6 7 2 263 

Probable 0.05 3.92 1.42 46.2 2 1 73 

Proven & Probable 0.24 3.77 1.34 44.2 9 3 336 

Total 

Proven 4.24 7.32 1.99 23.7 310 84 3,221 

Probable 6.99 5.62 0.93 16.2 395 65 3,671 

Proven & Probable 11.23 6.26 1.33 19.0 705 149 6,892 

Notes: 

• The Mineral Reserves are reported in accordance with CIM Definition Standards for Mineral Resources and Mineral 
Reserves (2014). 

• Mr Andrew Hall of AMC is the QP for reporting of the Mineral Reserves estimate. 

• Mineral Reserves were estimated at an NSR cut-off value of US$50 per tonne. 
• NSR values were calculated based on average metal prices of US$1.11/lb Zn, US$0.93/lb Pb, and US$19.81/oz Ag. 

• The average processing recoveries used were 88.0% for zinc, 65.8% for lead, and 43.5% for silver. 
• Dilution (Inferred and unclassified material set to zero grade) assumed as a minimum of 1.0 m on each hangingwall 

and 0.5 m on each footwall. 
• Mining recovery factors assumed as a minimum of 95%. 
• Mineral Reserves are reported based on mined ore delivered to the plant as mill feed. 

• Effective date as of 30 June 2020. 
• Only Measured and Indicated Mineral Resources were used for estimation of the Mineral Reserves. 

• The average exchange rate used was N$16.69 = US$1.00. 
• Rounding of some figures may lead to minor discrepancies in totals. 
• Mineral Reserve are stated on a 100% ownership basis. 

15.7 Conversion of Mineral Resources to Mineral Reserve 

The conversion of Measured and Indicated Mineral Resources to Proven and Probable Mineral 
Reserves is shown in Table 15.6. All Proven Mineral Reserves were derived from Measured Mineral 

Resources. All Probable Mineral Reserves were derived from Indicated Mineral Resources. 

The combined Proven and Probable Mineral Reserves indicate a 70% tonnage conversion (inclusive 

of dilution and mining recovery factors), and 61% zinc, 55% lead, and 58% silver metal content 

conversion. 
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Table 15.6 Conversion of Mineral Resource to Mineral Reserve as at 30 June 2020 

Classification Tonnes (Mt) Zn (kt) Pb (kt) Ag ('000 oz) 

Mineral Resources 

Measured & Indicated 16.10 1,159 273 11,905 

Mineral Reserves 

Proven & Probable 11.23 705 149 6,891 

Conversion 70% 61% 55% 58% 

Note: Conversion is based against the Mineral Resource at a NSR cut-off value of US$50 per tonne. 

15.8 Comparison to previous Mineral Reserve estimate 

A comparison between the current Mineral Reserve estimate, as at 30 June 2020, and the Mineral 
Reserve estimate of 31 December 2017 taken from the 2018 RPA Technical Report is presented in 

Table 14.11. Principal changes since the 31 December 2017 estimate are due to ongoing depletion 

of Mineral Reserves due to mining and additional Mineral Resources. 

Table 15.7 Comparison of 2020 and 2017 Mineral Reserves 

Class 
AMC 30 June 2020 RPA 31 December 2017 

Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) Tonnes (Mt) Zn (%) Pb (%) Ag (g/t) 

Proven 4.24 7.32 1.99 23.7 2.66 9.1 1.3 18 

Probable 6.99 5.62 0.93 16.2 5.08 6.8 1.4 20 
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16 Mining methods 

16.1 Conventions 

All measurement units are metric SI units. 

Rosh Pinah uses a local mining grid and elevations (e.g. 120 masl equates to 120Rl and 120L). 

16.2 Introduction 

Rosh Pinah is an existing operating underground mine with well-established mining methods. The 
current mining method is LHOS without backfill using a Primary, Secondary, and Tertiary top-down 

extraction sequence. Mining using this LHOS method since 1969 has resulted in significant voids 

within the historical and currently mined zones. 

Ore is sourced from five steeply-dipping zones, with an increasing proportion sourced from the 
western zones (WF3), as the eastern zone (EOF) and southern-central zone (SF3, SF3, and BME) 

are depleted. 

The PFS has annual production scheduled at 0.7 Mtpa, increasing to 1.3 Mtpa from 2023 onwards. 

The projected increase in production from WF3 results in an increase in average haul distance. 

Access to the production areas is via multiple interconnecting declines that provide fresh air intake 

into the mine. A new independent decline from surface to the WF3 zone is proposed. 

The current mining fleet consists of mechanized mobile and ancillary fleet including development 

jumbos, production drills, loaders and 30 t trucks for haulage to an underground crushing and 
conveying system (notionally called the Krupp). Future plans include the use of 60 t trucks to haul 

WF3 material directly to surface. 

Current ore haulage is via a decline to the Krupp tip point comprising three ore silos in which to tip. 

Blending of the ore is conducted using the ore silos to maintain a consistent zinc and lead feed 
grade to the mill. Blended ore is conveyed from the Krupp to a surface crusher. Low grade 

mineralization is trucked to an underground void dedicated for this material. Waste material is 

trucked to dedicated historical stope voids. 

Figure 16.1 illustrates the existing mine access network, mining voids, and resource model 

locations. 
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Figure 16.1 Isometric view of mine development, mine voids, and zone locations 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

AMC’s Hill of ValueTM (HoV) strategy optimization process (AMC 119050) was used to establish the 

following preferred operating parameters for the Rosh Pinah underground mine: 

• Increase the NSR cut-off to US$80 NSR/t. 

• Increase mine production to 1.3 Mtpa (from the current 0.7 Mtpa). 

• Expand the processing infrastructure to match the increase in mine production. 

• Transition the current mining method (LHOS without backfill) to LHOS with paste fill with 

extraction in an inverted echelon (bottom-up) sequence to facilitate tight filling of stope voids. 

• Use cemented paste fill within the mining cycle to improve regional and local stability, increase 
resource recovery and reduce the quantity of tailings directed to the tailings storage facility 

(TSF). 

• Develop a dedicated trucking decline from WF3 to surface. 

16.3 Geotechnical considerations 

A geotechnical assessment (AMC 119049) was conducted on WF3 for the PFS which used all 

available geotechnical data. This data was used to complete a re-assessment of stope stability and 

required ground support for stopes and lateral development. 

16.3.1 Geotechnical design parameters 

The assessment of geotechnical design parameters and the rock mass classification was based on 
core logging, historical laboratory test data and underground mapping data completed by Rosh 

Pinah. 
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16.3.1.1 Geotechnical domains 

A review completed as part of the PFS to compare the lithologies in the ore zones and host rocks 
found that the rock mass conditions are not significantly different. There is currently insufficient 

laboratory test data to establish if intact rock strength parameters vary between the ore zones and 

host rock. 

The geotechnical model at Rosh Pinah uses geotechnical domains based on lithology. The main 

lithologies are described below. 

Arkose (ARK) 

A feldspar rich sandstone or grit coarse-grained, with angular to sub-rounded clasts, substantially 

smaller than 4 mm (Torben, Blakely, Jacquemin, & Avakash 2018). An example of arkose drill core 

is shown in Figure 16.2. 

Figure 16.2 Example of arkose drill core 

 
Source: AMC 2019. 

Argillite (ARG) 

Refers to any shale, mudstone, slate, or extremely fine-grained clay rich rock of sedimentary origin 

with particle sizes less than 0.05 mm of non-specific metamorphic grade. Typically, argillite is dark 

grey to black at Rosh Pinah (Torben, Blakely, Jacquemin, & Avakash 2018). 

Breccia (BRC) 

The breccia is an altered or silicified arkose, with fractures and veins filled by mainly pyrite, minor 

sphalerite, and chalcopyrite. The veins and part of the matrix consist of dark grey to black 

carbonaceous matter. Figure 16.3 shows an example of breccia in cut drill core. 

Figure 16.3 Example of breccia drill core 

 
Source: AMC 2019. 
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Carbonate (CRB) 

At Rosh Pinah, any rock consisting predominantly of carbonate minerals (e.g. calcite, dolomite, and 
siderite) is described as a carbonate. Figure 16.4 shows an example of cut carbonate drill core. 

Carbonates are a dominant ore hosting lithology, except in the WF3 ore zone where microquartzite 
tends to be the main ore lithology. Carbonate is described as fine- to coarse-grained, with a mottled 

texture containing mainly honey coloured sphalerite, minor galena, pyrite, and occasional 

chalcopyrite (Torben, Blakely, Jacquemin, & Avakash 2018). 

Figure 16.4 Example of carbonate from drill core 

 
Source: AMC 2019. 

Microquartzite (MQZ) 

Microquartzite is a highly-silicified mudstone, black or dark grey in colour; an example is shown in 

Figure 16.5. Microquartzite is hard, cannot be scratched by steel, and is predominantly crystalline 

silica, having a particle size of <20 microns (Torben, Blakely, Jacquemin, & Avakash 2018). 

At times, microquartzite is inter-bedded with black carbonaceous argillite. The beds are distinctively 
banded to laminated, and sometimes display folding and slumping structures. The sulphide 

mineralization may consist of disseminated pyrite, sphalerite, galena, and chalcopyrite in places. 

Figure 16.5 Example of microquartzite drill core 

 
Source: AMC 2019. 

Rhyolites (RHY) 

Rhyolites are a relatively recent introduction to the geological model, having previously been 

mapped and logged as breccia, which they resemble when logged as drill core. 
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16.3.1.2 Faulting and folding 

The Rosh Pinah rock mass has been extensively folded and faulted during the continental collision. 
The once flat-lying OEH (ore zone) was compressed into tight isoclinal folds. Shearing, faulting, and 

thrusting has occurred where the limbs and hinges of these folds could not withstand the 

compressive stresses; this is illustrated in Figure 16.6. 

Figure 16.6 Section through WF3 showing structural complexity 

 
Source: Trevali 2019. 

At the time of writing the PFS, the Rosh Pinah structural mapping database contained 397 structural 

orientations, predominantly collected from WF3 zone between the 100 and -100 levels, as shown in 

Figure 16.7. 

All of the mapped structural orientations are plotted on the stereonet in Figure 16.8. Joint Set 1 and 

Joint Set 2 are dominant. These joint sets dip towards the north-east and align with the bedding 

and the faults running perpendicular to the strike of the zone. 

The Joint set orientations used in the stability analysis work are summarized in Table 16.1. 
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Figure 16.7 WF3 - Mapped structures coloured by description 

 
Source: AMC 2020. 

Figure 16.8 Stereonet showing the orientation of all structural data 

 
Source: AMC 2020. 
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Table 16.1 WF3 – Summary of joint set information 

Rock type Dip Dip direction 

Joint Set 1 80 48 

Joint Set 2 53 52 

Joint Set 3 83 316 

Joint Set 4 70 241 

Joint Set 5 57 183 

16.3.1.3 Rock mass ratings 

Geotechnical drillholes have been geotechnically logged using the 1989 (RMR89) logging system. Jn, 
Ja, and Jr values (joint number, joint alteration, joint roughness) were subsequently derived to 

calculate values for Barton’s Q system. Other rock mass codes (MRMR and GSI) were then calculated 

in the geotechnical drillhole database using empirical relationships. 

The statistical distribution of RMR89 data for each lithological unit, including 25th percentile (Q1) and 

75th percentile (Q3), is presented in Figure 16.9 and Table 16.2. 

Figure 16.9 Statistical distribution of RMR89 rock mass classifications by lithology 

 
Source: AMC 2020. 

Table 16.2 Statistical distribution of RPZC Acquire database RMR89 values 

Statistic Arkose Microquartzite Carbonates Breccia Argillite Rhyolite 

Q3 69 69 75 75 69 69 

Median 65 66 72 72 65 66 

Q1 59 62 69 68 59 61 

Barton’s Q’ values were weighted using 0.2 m intervals generated using the composite feature in 
Leapfrog® GEO software. The statistical distribution of Q’ values for each lithological unit is 

presented in Figure 16.10 and Table 16.3. 
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Figure 16.10 Statistical distribution of Q’ values by lithology 

 
Source: AMC 2020. 

Table 16.3 Statistical distribution of database Q’ values by lithology 

Statistic Arkose Microquartzite Carbonates Breccia Argillite Rhyolite 

Count 169,658 131,755 46,058 32,119 34,682 1,731 

Q3 49 39 63 59 31 19 

Median 38 29 49 32 20 8 

Q1 23 18 24 22 10 0 

16.3.1.4 Laboratory testing summary 

Laboratory testing was carried out on drill core samples from the WF3 zone in 2015. Sample 

selection focused on the immediate footwall and hangingwall of the zone. Earlier laboratory test 

results from 2007 have been incorporated with the 2015 results. 

The test work to date includes: 

• 41 Uniaxial compressive strength (UCS) tests which included measurements of Young’s 

Modulus (E) and Poisson’s Ratio (μ). 

• 44 Multi-stage triaxial tests, with confining pressures of 30 to 50 MPa. 

• 44 Uniaxial (Brazilian) tensile strength tests (UTS). 

Summaries of the UCS, triaxial test, and UTS results are presented as Table 16.4, Table 16.5, and 

Table 16.6 respectively. 
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Table 16.4 Summary of UCS test results 

Domain Statistic 
Density 

(g/cm3) 

UCS 

(MPa) 

Tangent Elastic 

Modulus @ 
50% (GPa) 

Secant Elastic 

Modulus @ 
50% (GPa) 

Tangent 

Poisson’s 
ratio @ 50% 

Secant 

Poisson’s 
ratio @ 50% 

Arkose 

Count 9 7 7 7 7 7 

Average 2.68 188.9 69.89 69.03 0.32 0.22 

St. Dev 0.02 20.5 5.59 4.36 0.05 0.03 

Min. 2.65 157.8 65.30 59.70 0.27 0.17 

Max. 2.72 206.6 80.20 72.70 0.38 0.26 

75th %’ile 2.70 204.0 73.70 71.70 0.37 0.25 

25th %’ile 2.67 161.2 65.90 68.70 0.27 0.20 

Microquartzite 

Count 20 9 9 9 9 9 

Average 2.87 208.0 70.07 66.71 0.29 0.23 

St. Dev 0.16 62.8 15.26 13.94 0.08 0.04 

Min. 2.69 141.2 52.20 47.60 0.18 0.15 

Max. 3.32 330.2 94.40 84.10 0.44 0.30 

75th %’ile 2.88 259.8 84.70 82.80 0.37 0.26 

25th %’ile 2.78 164.6 57.20 53.90 0.24 0.20 

Carbonate 

Count 15 10 10 10 10 10 

Average 3.44 169.3 80.17 70.70 0.40 0.26 

St. Dev 0.32 21.8 11.07 6.43 0.08 0.05 

Min. 3.10 139.1 57.40 62.00 0.29 0.20 

Max. 4.05 207.3 93.40 82.60 0.51 0.36 

75th %’ile 3.69 186.7 88.70 74.93 0.49 0.30 

25th %’ile 3.15 154.0 72.28 64.55 0.31 0.22 

Breccia 

Count 6 5 5 5 5 5 

Average 2.74 214.2 91.66 84.44 0.28 0.23 

St. Dev 0.07 41.8 6.55 7.88 0.10 0.05 

Min. 2.67 165.6 85.40 78.30 0.16 0.14 

Max. 2.85 279.3 100.00 97.80 0.43 0.26 

75th %’ile 2.81 250.4 98.40 90.85 0.37 0.26 

25th %’ile 2.68 181.8 85.60 78.60 0.20 0.18 

Quartz vein 

Count 4 2 2 2 2 2 

Average 2.68 220.2 73.50 59.45 0.14 0.06 

St. Dev 0.05 217.5 36.63 44.34 0.01 0.02 

Min. 2.63 66.5 47.60 28.10 0.13 0.05 

Max. 2.73 374.0 99.40 90.80 0.15 0.08 

75th %’ile - - - - - - 

25th %’ile - - - - - - 

Argillite 

Count 3 3 3 3 3 3 

Average 2.97 97.1 22.83 15.33 0.18 0.10 

St. Dev 0.06 10.1 20.07 13.35 0.16 0.09 

Min. 2.91 85.4 0.00 0.00 0.00 0.00 

Max. 3.03 103.7 37.70 24.40 0.30 0.16 

75th %’ile 3.03 103.7 37.70 24.40 0.30 0.16 

25th %’ile 2.91 85.4 0.00 0.00 0.00 0.00 
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Table 16.5 Summary of tri-axial compressive test results 

Domain Statistic 
Confining 

Pressure, 
σ3 (g/cm3) 

Strength 

(Triaxial), 
σ1 (MPa) 

Tangent 

Elastic 
Modulus 

(GPa) 

Secant 

Elastic 
Modulus 

(GPa) 

Tangent 

Poisson’s 
ratio @ 50% 

Secant 

Poisson’s 
ratio @ 50% 

Arkose 

Count 10 10 9 9 8 8 

Average 16.5 457.6 83.01 96.29 0.35 0.27 

St. Dev 8.8 157.4 7.99 18.10 0.06 0.04 

Min. 5.0 176.7 68.60 65.40 0.27 0.22 

Max. 30.0 765.7 90.00 129.00 0.45 0.34 

75th %’ile 22.5 530.7 88.85 103.50 0.40 0.28 

25th %’ile 10.0 368.9 74.80 84.65 0.29 0.24 

Microquartzite 

Count 11 11 11 11 11 11 

Average 14.1 289.1 71.09 77.33 0.29 0.27 

St. Dev 9.7 84.7 16.81 15.49 0.05 0.06 

Min. 5.0 192.9 55.50 57.50 0.18 0.18 

Max. 30.0 465.8 113.00 114.00 0.37 0.35 

75th %’ile 20.0 378.5 79.20 82.70 0.33 0.32 

25th %’ile 5.0 221.0 57.30 64.90 0.25 0.23 

Carbonate 

Count 13 13 13 13 13 13 

Average 13.1 297.6 84.29 86.83 0.35 0.26 

St. Dev 7.8 66.0 11.86 18.19 0.13 0.09 

Min. 5.0 168.9 63.10 58.10 0.00 0.00 

Max. 30.0 397.8 104.00 111.00 0.49 0.39 

75th %’ile 20.0 357.5 91.00 103.50 0.43 0.31 

25th %’ile 5.0 241.5 76.35 72.80 0.30 0.23 

Breccia 

Count 4 4 4 4 4 4 

Average 18.8 421.7 78.00 80.73 0.31 0.24 

St. Dev 8.5 147.9 4.48 4.58 0.04 0.06 

Min. 10.0 298.5 72.20 75.70 0.27 0.16 

Max. 30.0 619.5 83.10 85.70 0.35 0.31 

75th %’ile 27.5 577.1 82.03 85.10 0.35 0.30 

25th %’ile 11.3 303.6 73.63 76.33 0.28 0.18 

Quartz vein 

Count 1 1 1 1 1 1 

Average 20 358.32 72.90 70.00 0.30 0.29 

St. Dev - - - - - - 

Min. - - - - - - 

Max. - - - - - - 

75th %’ile - - - - - - 

25th %’ile - - - - - - 

Argillite 

Count 5 5 4 4 4 4 

Average 10.0 135.4 23.85 25.85 0.20 0.17 

St. Dev 6.1 15.0 18.01 23.26 0.18 0.18 

Min. 5.0 146.5 39.70 49.05 0.38 0.35 

Max. 20.0 122.7 5.55 4.70 0.03 0.02 

75th %’ile 15.0 146.5 39.70 49.05 0.38 0.35 

25th %’ile 5.0 122.7 5.55 4.70 0.03 0.02 
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Table 16.6 summarizes the results of the UTS (Brazilian tensile) test results. There were sufficient 

samples for each lithology. 

Table 16.6 Summary of uniaxial tensile test results 

Domain Statistic 
Density 

(g/cm3) 

Tensile strength 

(MPa) 
Domain Statistic 

Density 

(g/cm3) 

Tensile strength 

(MPa) 

Arkose 

Count 14 14 

Breccia 

Count 8 8 

Average 2.65 19.3 Average 2.68 20.3 

St. Dev 0.06 2.4 St. Dev 0.04 2.7 

Min. 2.59 16.1 Min. 2.63 17.6 

Max. 2.78 25.0 Max. 2.74 25.3 

75th %’ile 2.67 20.0 75th %’ile 2.72 22.3 

25th %’ile 2.61 17.2 25th %’ile 2.65 17.9 

Microquartzite 

Count 16 16 

Quartz vein 

Count 6 6 

Average 2.78 17.0 Average 2.60 12.7 

St. Dev 0.05 6.3 St. Dev 0.01 3.3 

Min. 2.70 11.2 Min. 2.58 8.7 

Max. 2.85 33.4 Max. 2.61 17.9 

75th %’ile 2.81 18.3 75th %’ile 2.60 15.5 

25th %’ile 2.74 12.7 25th %’ile 2.59 9.6 

Carbonate 

Count 15 15 

Argillite 

Count 6 6 

Average 3.33 10.9 Average 3.00 9.4 

St. Dev 0.56 4.1 St. Dev 0.21 1.9 

Min. 2.52 5.9 Min. 2.80 7.8 

Max. 4.50 18.8 Max. 3.37 13.2 

75th %’ile 3.77 14.0 75th %’ile 3.14 10.4 

25th %’ile 2.90 7.5 25th %’ile 2.80 8.1 

16.3.1.5 In-situ stress field measurements 

Previous work noted in the Groundwork Consulting report (Handley & Piper 2014, p. 36) has 
suggested the following relationships based on the Southern African Stress Measurement Database, 

where h is the vertical height below surface: 

• σv = 81 + 0.027 (h-3000) MPa, vertical 

• σh1 = 87 + 0.026 (h -3000) MPa, on a bearing of 50 - 60° 

• σh2 = 48 + 0.015 (h-3000) MPa, on a bearing of 140 - 150° 

The maximum pre-mining stress model also suggested: 

• σv = 111 + 0.027 (h-3000) MPa, vertical 

• σh1 = 117 + 0.026 (h -3000) MPa, on a bearing of 50 - 60° 

• σh2 = 78 + 0.015 (h-3000) MPa, on a bearing of 140 - 150° 

The stress relationships are appropriate for a pre-feasibility level study, but additional test work and 

re-evaluation is recommended for a feasibility study level assessment. 
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16.3.2 Open stope stability analysis 

Assessment of open stope stability was undertaken using the empirical modified stability graph 
method (after Villaescusa 2014 and Potvin 1988). Stope dimensions were analysed to evaluate the 

stability of the footwall / hangingwall and backs in respect to stope inclination, and rock mass 

classification for the proposed stope dimensions. 

Stope dilution has been estimated using the ELOS (equivalent linear over-break slough) method 

(after Clark & Pakalnis 1997) based on the proposed stoping dimensions. 

16.3.2.1 Stope design Q’ values 

Microquartzite and arkose are the main lithologies in the north-east and south-west walls. The ore 

zone is dominated by microquartzite and carbonates. A comparison of Q’ values for the empirical 
assessment is made in Table 16.7, which shows ‘best case’ (75th percentile), ‘most likely’ (median) 

and ‘worst case’ (25th percentile) Q’ values. 

The assessment used the less competent microquartzite Q’ values for the empirical stope 

assessment. It is recommended and intended that individual stopes and mining blocks be assessed 

prior to mining. 

Table 16.7 Empirical assessment domains and Q’ values 

Domain Lithology 
Q’ value 

Best case Most likely Worst case 

Northeast sidewall 
Microquartzite 39 29 18 

Carbonates 63 49 24 

Ore zone & endwalls 
Microquartzite 39 29 18 

Carbonates 63 49 24 

Southwest sidewall 
Microquartzite 39 29 18 

Arkose 49 38 23 

Major structures Argillite 31 20 10 

16.3.2.2 Stope design parameters 

Potvin (1988) modified the original Mathews method and calibrated it using 175 case histories. 
Nickson (1992) added case histories and further modified Potvin’s support design guidelines. The 

Potvin (1988) method uses the Modified Stability Number (N’), which is plotted against hydraulic 

radius (HR) on stability graphs to project stable, transitional or caving stope dimensions. N’ is 

calculated using: 

N’ = Q’ x A x B x C 

Where: 

Q’ = A value calculated using 
𝑅𝑄𝐷

𝐽𝑛
 ×  

𝐽𝑟

𝐽𝑎
 

A = The rock stress factor (σc/σ1) 

B = The joint orientation factor 

C = Gravity adjustment factor 
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An initial assessment of ‘stable stope’ back dimensions using the commonly used Potvin (1988) 

method suggested a 20 m x 20 m span would plot in the transition zone on stability charts. This is 
not consistent with observation during the site visit where 20 x 20 m stope back spans and similarly 

sized cavern backs had remained stable for extended periods without ground support. 

In 2014, a further N’ was published (Villaescusa 2014). The A, B, and C factors were increased 

based on case studies from Australian sites, in particular Mt. Isa, where more competent ground 
conditions have resulted in large open voids remaining stable with minimal support for very long 

periods, similar to what has been observed at Rosh Pinah. The 2014 method for calculating the 
stability number has been used in the PFS, although AMC recommends developing site-specific 

stability charts based on stope performance in the WF3 ore zone. 

Using the Villaescusa 2014 Factor A, B, and C charts, Table 16.8 presents high, average, and low 

case stability numbers (N’) for microquartzite stopes. 

Table 16.8 Calculated stability numbers (N’) 

Stope wall Orientation 

Q’ value Stability factors Stability number (N’) 

Best 

case 

Most 

likely 

Worst 

case 
A B C 

Best 

case 

Most 

likely 

Worst 

case 

Crown Horizontal 39 29 18 0.68 0.76 4.0 80.6 59.9 37.2 

Northwest endwall Vertical 39 29 18 0.68 0.40 8.0 84.9 63.1 39.2 

Southeast endwall Vertical 39 29 18 0.68 0.40 4.5 47.7 35.5 22.0 

Northeast sidewall 

Hangingwall 39 29 18 0.68 0.40 5.7 60.5 45.0 27.9 

Vertical 39 29 18 0.68 0.40 5.5 58.3 43.4 26.9 

Footwall 39 29 18 0.68 0.40 5.7 60.5 45.0 27.9 

Southwest sidewall 

Hangingwall 39 29 18 0.68 0.40 4.7 49.9 37.1 23.0 

Vertical 39 29 18 0.68 0.40 4.7 49.9 37.1 23.0 

Footwall 39 29 18 0.68 0.40 5.7 60.5 45.0 27.9 

The HR values for the 20 x 25 m stopes (unsupported) are plotted against the N’ stability number 

in Figure 16.11. The crown and most stope walls plot in the stable zone, although the worst-case 

N’ values for the south-east plots in the transitional zone. 
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Figure 16.11 20 m x 25 m x 60 m high stope supported and unsupported stability charts 

 

  

Source: Hutchinson, D.J. & Diedrichs, M.S. 1996. 
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16.3.2.3 Stope dilution estimation 

Dilution was assessed using the ELOS method as developed and described by Clark & Pakalnis 
(1997). The ELOS method estimates an average overbreak across the wall or back of the stope 

using empirical stability charts. 

The analysis of a 20 m x 25 m x 60 m high stope void indicates that the ELOS will be below 0.5 m 

for both the stope crown and walls, as shown in Figure 16.12. 

Figure 16.12 ELOS plots for proposed Primary and Secondary stope voids 

 
Source: Clark, L. M. & Palkalnis, R. C. 1997. 

16.3.2.4 Global extraction sequence 

The current mining areas use a LHOS Primary - Secondary extraction sequence with no backfill, 
except for WF3, which uses a LHOS Primary - Secondary - Tertiary extraction sequence with no 

backfill. 

Transitioning from the current mining method without backfill, to a method utilizing backfill (LHOS 

with paste fill) is recommended, particularly within the WF3 as the zone is larger and deeper than 
previously mined zones. This will ensure repeatable production, improve local and regional stability, 

and improve operational recovery and dilution factors. 

The PFS mine plan is demarcated by mine areas with a global top-down extraction sequence. Within 

each mine area the macro extraction sequence is bottom-up for the LHOS with backfill and, 
top-down for the LHOS without backfill. Mine areas generally use an advancing front sequence, 

mining from a central position to the strike extents. The global extraction sequence is shown in 

Figure 16.13. 
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Figure 16.13 Global extraction sequence 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

The recommended extraction sequence for WF3 is to separate the remaining unmined zone into 

five working areas (see Section 16.7.5.5). These are to be mined from the centre to the strike 
extents in an overhand method. Each stope will be mined and backfilled with paste before mining 

the next stope in the sequence. This sequence results in a closure or sill pillar being formed which 
may reduce recovery and increase dilution, however the rock mass at Rosh Pinah is, in general, 

good to very good so the impact is anticipated to be minimal. This sequence is recommended to be 
numerically modelled during the proposed feasibility study to ensure that the appropriate 

dilution and recovery is planned for all ore zones. 

The remaining unmined portions of previous or current mining areas will also utilize LHOS with paste 

fill. Areas adjacent to existing voids may be mined using LHOS with no backfill if the placement of 
paste fill is considered not economic and / or impractical. Most of these mining areas are remnant 

pillars, so the sequence will broadly follow the previous plan. 

16.3.3 Tunnel support design 

Rosh Pinah currently uses a 5.0 m wide by 4.5 m high drive profile, with wider spans created at 
intersections typically cable bolted for WF3 development. However, most of the historic working 

development has no ground support installed and is seldom check-scaled with no signs of instability. 

A surface haulage decline is planned that will have a 6.0 m by 6.0 m profile. 
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16.3.3.1 Current ground support standards 

Low stress and good ground conditions has meant Rosh Pinah has a history of operating mostly with 
unsupported access and production excavations. In 2017, there was a shift in approach with the 

introduction of ground support being installed to address areas of poor ground conditions and safety 

around the production drill sites. 

Cable bolting was also introduced in stopes and wide span intersections to improve stability and 
minimize the risk of large stope failures and excessive dilution. The current ground support 

standards at Rosh Pinah are summarized in Table 16.9. Mesh is either galvanized or black mesh, 
5.6 mm wire diameter in 1.8 m x 3.4 m sheets. In addition to the ground support outlined in Table 

16.9, friction bolts (2.4 m long) are installed in the walls down to 1.5 m above the floor. 

Table 16.9 The current Rosh Pinah ground support matrix 

Category Mesh Bolt type 

Bolt 

length 
(m) 

Bolt 

spacing 
(m) 

Excavation 

type 

Design 

life (yrs.) 
Installation timeline 

A Galvanized 
Friction end 

anchor 
2.4 1.5 x 1.5 Long term > 5 

To be installed up to 4.0 m from 

working development face prior to 

work commencing 

B Black 
Friction end 

anchor 
2.4 1.5 x 1.5 

Short term 

production 
> 0.5 

To be installed to cover all 

production drilling areas prior to 
Simba drilling commencing 

C Galvanized 

Friction end 

anchor 
2.4 1.5 x 1.5 

Medium to 

long term 

production 

0.5 to > 5 

To be installed as Type A during 

development or rehabilitation 

Grouted 

Cable 
6.0 2.2 x 2.0 

Cable bolts installed and tensioned, 

prior to slot blasting, in drawpoints, 

long term drawpoint accesses, 
loading areas, and wide span 
intersection within a 30 m radius. 

D Galvanized 

Resin 

grouted 

anchor 
2.4 1.5 x 1.5 Long term > 5 

To be installed up to 4.0 m from 

working development face prior to 

work commencing. 

16.3.3.2 Development Q’ values 

The Rosh Pinah geotechnical drillhole database assumes the active stress component is equal to 1 
when calculating a rock mass Q’ value. This assumption is based on the dry conditions and medium 

stress conditions that are currently observed underground at Rosh Pinah. 

As the stopes extend to a depth of 850 m below surface, about 300 m deeper than any existing 

mining areas (and the current hydrogeological model), it is reasonable to assume ground water and 
stress conditions will become more challenging. Seismic activity is not anticipated. However, 

3D modelling of the mine stoping sequence and development is recommended to determine the 

magnitude of any risk. 

To account for the conditions changing with depth, the active stress components of the Q’ equation 
have been estimated, as shown in Table 16.10. It is assumed underground working will have 

medium water inflow (Jw=0.66) at depth. The SRF value was calculated using: 

• The median UCS values for each lithology. 

• The primary principle stress (σh1 = 24.6 MPa) at 600 m depth. 
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Table 16.10 SRF calculations values for WF3 mine development 

Lithology 
Joint water 

reduction factor; Jw. 
UCS, σc (MPa) 

𝛔𝒄

𝛔𝟏

 Stress reduction 

factor; SRF. 

Active stress 

component’ 
𝑱𝒘

𝑺𝑹𝑭⁄  

Arkose 0.66 189 3.06 0.6 1.1 

Microquartzite 0.66 208 3.36 0.6 1.1 

Carbonate 0.66 169 2.73 0.7 0.9 

Breccia 0.66 214 3.46 0.6 1.1 

Argillite 0.66 97 1.57 6 0.1 

The calculated Q’ values are presented in Table 16.11. 

Table 16.11 Calculated Q’ values 

Lithology Average Q' value 
Active stress 

component 
Median Q’ value Rock quality 

Arkose 38 1.1 42 Very good 

Microquartzite 29 1.1 32 Good 

Carbonate 49 0.9 46 Very good 

Breccia 32 1.1 35 Good 

Argillite 20 0.1 2.2 Poor 

16.3.3.3 Recommended ground support 

Ground support requirements are defined using the empirical design chart in Figure 16.14, which 
has been modified from Grimstad and Barton (1973). Q’ values are plotted against the drive span 

(5 m in this case) and the excavation support ratios (ESR). 

The ESR is analogous to a factor of safety, which may be varied depending on the use of the drive 

and the exposure of personnel. An adopted ESR value of 1.3 is consistent with typical industry 
practice for access tunnels. The recommended minimum ground support requirements for 

underground development are defined in Table 16.12 and Table 16.13. 

Table 16.12 Recommended ground support design for 5 m span 

Lithology Q’ value 
Support category 

(Figure 16.14) 

Rock bolt 

length (m) 

Bolt spacing 

(m) 
Surface support 

Arkose 42 Category 1 2.4 m 3.0 m 
Although not included in the 

design chart, installing mesh to 

control rockfall hazards as a good 
practice is recommended. 

Microquartzite 32 Category 1 2.4 m 2.8 m 

Carbonate 46 Category 1 2.4 m 3.1 m 

Breccia 35 Category 1 2.4 m 2.8 m 

Argillite 2.2 Category 3 2.4 m 1.8 m 60 mm of fibrecrete, or mesh 

Table 16.13 Recommended ground support design for 6 m span 

Lithology 
Support category 

(Figure 16.14) 

Roof bolts 

Surface support Length 

(m) 

Spacing 

(m) 

Microquartzite Category 1 2.4 m 2.7 m 

Although not included in the design chart, installing 

mesh or 50 mm of fibrecrete on the backs and 
shoulders to control rockfall hazards is recommended. 

Argillite / faults Category 3 2.4 m 1.8 m Mesh or 50 mm of fibre reinforced concrete 
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Figure 16.14 Support requirements for access development – 5 m span 

 

 
Source: Grimstad & Barton 1993. 
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16.3.3.4 Wide span intersections 

Wide span intersections were assessed using Rocscience Unwedge software (Unwedge). Wedges 
were generated using the joint sets in Table 16.1. Development alignment was assumed to be 

parallel to the zone strike, and drive dimensions were either 5 m or 6 m wide. As there is no direct 
shear strength testing of defects at Rosh Pinah, it was assumed that the joint sets are dry and would 

have a friction angle of 35° and a cohesive strength of 100 kPa. 

Using a rock density of 2.7 kN/m3 and a factor of safety equal or greater than 1.3, it was found that 

the standard ground support consisting of 2.4 m long rock bolts would likely not be sufficient to 

support intersections with a span greater than 8 m. 

The Unwedge analysis indicates that a combination of rock bolts and cable bolts are required to 
support potential wide span wedges. The recommended cable bolt length and spacing is shown in 

Table 16.14. It is recommended that cable bolts are installed in all intersections, and in spans larger 

than 8 m. 

Table 16.14 Recommended cable bolt support for 5 m or 6 m wide development span intersections 

Bolt length (m) Cable bolt type Bolt spacing (m) Number of cables Surface support 

6 
15 mm twin strand and 

bulbed 
3 10 

Cable bolts to be plated and 

tensioned to 3 tonnes. 

16.3.4 Hydrogeological conditions 

Specific hydrogeological investigations were not conducted for the PFS. Operating experience to 

date indicates that minimal groundwater inflows are expected outside of mining activities. 

The current hydrogeological understanding of the groundwater system in the Rosh Pinah mining 

district used for the PFS was developed by RPZC’s external consultants, Groundwater Complete 
(GWC), and documented in GWC’s report “Groundwater Study and Risk Assessment As Part Of The 

Western Orefield 3 Feasibility Study For Rosh Pinah Zinc Corporation” dated 13 August 2015. 

According to GWC’s study, the overall risk of groundwater inflow to the proposed mine development 

is considered low. The study assumes a future maximum groundwater inflow rate of 14 L/s within 
WF3 at - 150L. Inspections down to this level have not been executed. Inflow rates beyond 

the -150L have been assessed as a linear regression from the inflows presented in GWC’s study. 

The maximum expected groundwater inflow to the mine within WF3 is 17 L/s at -330L. 

16.4 Mining methods 

Historically, ore was extracted using a combination of mining methods including: LHOS without 

backfill, and in the upper flat-dipping zones, sill-and-bench and room-and-pillar mining. LHOS 
without backfill has resulted in large continuous voids spanning multiple levels. Sill and rib pillars 

are currently used to manage span stability. 

Transitioning the mining method from LHOS without backfill to LHOS with backfill (paste fill), within 

all zones where practicable, is recommended based on qualitative and quantitative assessment 
techniques. These include but are not limited to: geotechnical analysis (spans and global extraction 

sequence with depth), lens geometry, safety (mitigate risk of air blast from uncontrolled large 

overbreak), improved mining recovery, and reduced dilution. 

Stopes may be extracted longitudinally (along strike) or transversely (across strike). The 
changeover from transverse to longitudinal stoping would generally be where the ore width is less 

than 10 m. 
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16.4.1 LHOS without backfill 

LHOS without backfill will continue to be utilized within selected areas, typically within historical 
mining areas or to complete a grouped mining sequence, with the progressive transition to the 

LHOS with paste fill method. 

The LHOS without backfill stopes are mined in a top-down sequence. Based on the ore width, access 

orientation, and the location of historical or planned voids, stopes are mined either transversely or 

longitudinally. 

The longitudinal stopes are grouped on a level with a common access and only require a single slot 

with rings fired on retreat until the stope strike limits are reached. 

The transverse Primary, Secondary, and Tertiary mining method (LHOS without backfill) is restricted 

to the WF3 zone. 

Selected stopes within the EOF, SF3, SOF, and BME are classified as transverse primary stopes 
(LHOS without backfill) due to committed sequence (impractical to change) or being adjacent to 

existing voids. These stopes were classified as primary due to: 

• Individual stopes or grouped stopes (either with the same level or on the same vertical 

column) scheduled to be mined within the immediate three years (2020 – 2022) to facilitate 

continuity of extraction sequence. 

• Being located adjacent to voids. The placement of paste fill within these stope voids may flow 
into adjacent existing voids and introduce delays to the mining cycle, impacting the ability to 

meet production targets. 

When mining is completed in these areas, voids that do not encumber the mining operation and / or 

the ventilation network can be used to place paste fill (with lower cement content) to reduce the 

tailings deposition to the TSF. 

16.4.2 LHOS with paste fill 

LHOS with paste fill is recommended (AMC 119050) to improve local and regional stability, improve 

operational recovery, reduce dilution, mitigate void risks and minimize the tailings being pumped 

to the TSF (to eliminate or delay TFS expansions). 

Mining areas are globally advanced top-down, but within each mining area, stopes are extracted 

using a bottom-up sequence at 30 m level intervals. A mining area typically spans four to five levels. 

The mining areas are further sub-divided along strike guided by the lens geometry, mineralization 

grades, and planned mining sequence to achieve production targets. 

16.4.2.1 Backfill barricade 

All stopes and historic voids that are paste filled require an engineered barricade (bulkhead) at all 

access points prior to paste fill placement. The void is filled with cemented paste delivered by a 
piping network from the paste fill plant. The paste fill plant will be located on the surface and will 

use booster pumps where necessary to pump paste fill to the more remote voids. 

16.5 Stope design 

16.5.1 Cut-off value 

An NSR field was added to the Mineral Resource block models and was then used for estimating 

Mineral Reserves above a selected cut-off value. 
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Two cut-off values, US$50/t (full breakeven) and US$80/t (optimal) were selected for LHOS with 

paste fill for stope design work. The optimal cut-off is in line with AMC’s HoV strategy optimization 
study (AMC 119015) to maximize NPV. The full breakeven cut-off was used in the PFS to maximize 

resource extraction and maintain the 1.3 Mtpa production target, with this material scheduled as 

lower priority. The NSR calculation is discussed in Section 15. 

16.5.2 Stope optimization 

The Mineral Resources considered for the stope optimization are in the Measured and Indicated 

Mineral Resource categories only. 

An estimation of the economically viable mineralization was generated using the stope shape 

optimizing software, MSO on the various resource block models. MSO is used to interrogate the 
resource models to determine stope shapes above cut-off that account for geotechnical parameters, 

mining method, allowable shape geometries, and equipment manoeuvring capabilities. 

The MSO shapes are used to guide the detailed stope design process in terms of identifying areas 

of consistent volume and grade. 

The key parameters used in the MSO process for the LHOS mining method are summarized in Table 

16.15. The MSO process optimizes the stope shapes by maximizing value above cut-off using the 
Net Smelter Return per tonne (NSRPT) value field, estimated into the Mineral Resource block 

models. 

Table 16.15 MSO mining shape parameters 

Parameter Unit Field Default 

Density t/m3 DENSITY 2.75 

Optimization field US$/t NSRPT 10 

Cut-off value US$/t NSRPT 50, 80 

Section interval m - (irregular) to match as-built pillars and (regular) (20) strike intervals 

Level spacing m - 25 notional, variable to match as-built levels 

Minimum mining width m - 3 

Maximum mining width m - 25 before splitting into multiple transverse 

Minimum waste pillar width  m - 8 

Hangingwall ELOS m - 1 

Footwall ELOS m - 0.5 

Minimum rill angle Degrees - 50 

Notes: 

• Other operational dilutions are applied to the stope shapes after the MSO process is completed. 
• ELOS = equivalent linear overbreak-slough (representing wall overbreak). 
• NSR US$10/t default applied for models excluding cells outside of the solids boundary, representing low grade 

material. 

The MSO stoping shapes were constructed taking into account existing pillar lines (variable width) 
associated with historical and current stoping panels and fixed widths in unmined areas, resulting 

in variable stope widths. 

The US$50/t NSR (full breakeven) stope shapes were depleted against the US$80/t NSR (optimal) 

stope shapes to remove potential overlaps and re-evaluated. 

The preliminary set of MSO shapes included outlying stopes (outliers). Most outliers were excluded 

from the PFS mine design due to the access development costs making them uneconomic. The MSO 
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shapes exclude modifying factors such as mucking losses and operational dilution. These additional 

modifying factors were applied in the detailed ore production schedules using Earth Works 

Production Scheduling (EPS) software. 

Figure 16.15 illustrates the MSO stope shapes above a US$50/t NSR cut-off. 

Figure 16.15 Isometric – MSO stopes above US$50/t NSR cut-off 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

16.5.3 Dilution and recovery 

The dilution and mining recovery factors are summarized in Section 15.6. 

ELOS dilution (blast overbreak on hangingwall and footwall) was applied on a global basis and 

additional operational dilutions and mining recoveries were made on a stope-by-stope basis in the 
detailed production schedule. These estimations were based on whether the stope was a paste filled 

Primary, Secondary, or Tertiary stope, or an unfilled (void) Primary, Secondary, or Tertiary stope. 
Dilution estimates account for overbreak from sidewalls, back (crown), floor, and backfill exposures. 

Mining recovery estimates account for losses to adjacent existing voids and mucking recovery 

situations (remote operation, line-of-sight, overhang walls, and pillar recovery). 

16.6 Rock handling 

Ore is currently hauled to the Krupp tip point (via a decline) which is comprised of three ore silos 

that facilitate blending. Blending of the ore is conducted via these ore silos to maintain a consistent 

zinc and lead feed grade and, hence, optimize lead and zinc recoveries. Blended ore is conveyed 

from the Krupp to the surface crusher. 
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RPZC classifies ore into three categories in the respective bins. The bin criteria are based on Zn 

grade, Pb grade, and microquartzite content (MQZ): 

1 Zn <= 8%, Pb >= 1.5% (low-grade Zn, high-grade Pb), typically low microquartzite 

2 Zn > 8% (high-grade Zn), typically low microquartzite 

3 Zn <= 8%, MQZ >= 25% (low-grade Zn, microquartzite ore) 

Low-grade mineralization is hauled to an underground void dedicated to this material located within 

the AME zone. 

Waste is hauled and placed into historical stope voids located within the eastern, southern-central, 

and western zones. 

16.6.1 WF3 trucking decline 

The preferred materials handling system was identified to be trucking via a new surface decline with 

a larger profile than currently developed. This will facilitate direct ore haulage from the WF3 zone 
to a surface tip point utilizing larger capacity and more efficient trucks (60 t) with reduced fleet 

numbers. Ore sourced from the balance of the resources (EOF, SF3, SOF, and BME) will be hauled 
to the existing Krupp tip point as per the current haulage plan using the 30 t truck fleet. Waste from 

WF3 will be hauled and tipped into stope voids per current waste-handling practice. 

The capital cost for the construction and commissioning of the new trucking decline and associated 

mobile fleet is offset by the lower operating costs for larger capacity trucks, the reduced fleet size 

and reduced congestion in the truck haul loop to the Krupp tip point (compared to 30 t trucks). 

Components of the trucking decline operation comprise: 

• Surface primary crusher station. 

• 3.9 km trucking decline with larger profile (6.0 m by 6.0 m) to suit 60 t truck fleet. 

• Underground materials handling infrastructure. 

16.6.1.1 Surface primary crusher 

Ore from WF3 will be hauled to a new surface primary crusher station (truck tip and crusher) with 

conveyor discharge to the secondary screening section of the existing surface crusher installation. 

16.6.1.2 Trucking decline 

The proposed portal is offset from existing surface infrastructure with the decline path offset from 
current underground voids (production and development) to minimize interaction with the current 

underground operations. 

The portal is planned to be constructed using conventional mining techniques in accordance with 

strict geotechnical and engineering design. The excavation will be required to maintain structural 

integrity for the LOM and to ensure safe access. 

Construction of the portal will require interaction with existing and planned surface infrastructure 
(ore and waste stockpile, processing plant, utilities, offices, etc.). Truck interactions from the portal 

to the new surface crusher area are to be considered in future detailed assessments. 

The approximate portal coordinates are shown in Table 16.16. 
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Table 16.16 Portal coordinates 

Portal East North Rl 

Portal 22,950 659,466 426 

The proposed trucking decline is 3.9 km in length, excluding level access and stockpiles. For 
construction purposes, the decline is separated into five independent legs to enable concurrent 

development and, thereby, to reduce overall construction time. Internal legs of the trucking decline 
will be developed off existing development, with take-off positions selected to minimize interaction 

with the underground operation. The estimated construction time is 24 months, commencing during 

Q1 2021, with completion and commissioning scheduled for Q4 2022. 

The trucking decline will act as an additional fresh air intake within the ventilation network. 

Figure 16.16 illustrates the trucking decline layout and the independent decline legs. 

Figure 16.16 Isometric – trucking decline and material handling station 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

During construction of the trucking decline and materials handling station (MHS), fresh air will be 
sourced either from the surface (Legs 1 and 2) or from the existing ventilation network (Legs 3, 4, 

and 5). Adjustments to the ventilation network and installation of appropriate ventilation controls 
(brattice, PVC roll-up doors) may be required at the level connections during the construction of the 

trucking decline and MHS to reduce re-circulation or interaction between the active areas without 

compromising the underground operation. 
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Legs 3 and 4 will be twin development headings (up and down), developed in parallel off an existing 

crosscut to limit interaction with the main haul circuit and to reduce overall construction time. 

Connection to a new surface return air raise (RAR) for WF3 is included in the PFS mine design. 

Table 16.17 summarizes the trucking decline physicals. 

Table 16.17 Trucking decline physicals 

Leg Orientation Grade 1:N 
Decline 

(m) 

Ancillary 

(m) 
Total (m) Comment 

1 Down 7.0 420 40 460 Portal, stockpiles 

2 Down 7.0 494 80 574 Decline access, level cross-cut, stockpiles 

3 Up 7.0 420 50 470 Decline access, stockpiles 

3 Down 7.5 492 60 552 Stockpiles 

4 Up 7.1 747 130 877 Decline access, stockpiles 

4 Down 7.1 663 60 723 Stockpiles 

5 Up 7.1 629 80 709 Decline access, stockpiles 

Total   3,865 500 4,365  

16.6.1.3 Materials handling station 

To load ore at WF3 into the larger trucks, an MHS will be constructed. This entails development on 

-80L, -90L, and -110L, with three silos between -80L and -90L and one silo between -90L to -110L. 

Figure 16.17 illustrates the WF3 MHS conceptual design off the existing (as-built) excavations 

(decline and level access). 

Figure 16.17 Isometric – WF3 materials handling station 

 
Source: AMC 2020. 

On completion of the trucking decline, ore above -90L will be hauled to the -80L MHS using the 

current 30 t truck fleet, and tipped into one of the three ore silos for blending. Ore will be rehandled 
from the three silos on -90L to the -90L to -110L silo. On -110L the ore will be rehandled into the 

larger capacity truck fleet for haulage to the surface tip with new surface crusher. 

Ore below -90L will be direct-hauled to the surface using the larger capacity truck fleet, without 
blending. The decline and level access development below -120L will be excavated using the larger 

profile to enable the truck-loading on the level to minimize rehandle. Stripping of the as-built decline 
and level access below -90L to the MHS will be required, as the current profile and radius does not 

suit the profile of trucks greater than 30 t capacity. 
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All waste will be hauled to designated underground waste voids as per current practice using the 

30 t truck fleet. 

The key development physicals for the MHS (excluding as-built stripping) are summarized in Table 

16.18. 

Table 16.18 Materials handling station development physicals 

Level Lateral (m) Vertical (m) Comment 

-80L 251 0 Access, tip points, truck loop 

-90L 214 30 Access, draw-points (3 silos), tip point truck silo 

-110L 290 12 Truck loading station, truck loop, draw point (1 silo) 

Total 755 42 Excludes miscellaneous as-built stripping 

16.7 Mine design 

16.7.1 Pre-existing development 

Access to the underground workings is via existing portals and associated decline network to the 

eastern, southern-central, and western zones. The internal decline system accesses the individual 

ore zones. 

The PFS mine design considers the pre-existing as-built level intervals. The new trucking decline 

from surface to access WF3 provides an additional access option to the underground workings. 

The mine design is based on existing underground workings and the proposed transition from the 

current mining method to LHOS with paste fill, and corresponding changes in mine sequence. 

Transitioning to the new mining method (LHOS with paste fill) is planned in each zone and is typically 
associated with the lower levels of the ore zones that have minimal historical production or planned 

production during 2020 – 2023. Stopes are identified as either using the current mining method 
(LHOS with no backfill in a Primary, Secondary, or Tertiary sequence) or the proposed LHOS with 

paste fill (continuous front or Primary, Secondary) sequences. 

Stope sizing within existing production areas has been retained and matched to the existing pillar 

lines (vertical) and level development. Stope sizing outside of historical and medium-term schedule 

(2020 – 2022) areas has been increased to reflect improvements in geotechnical knowledge. 

As the mine extends with depth and strike, expansion of the access and associated infrastructure 

to support production has been considered in the mine design, as follows: 

• Utilization of the existing underground development including decline, level access, level 

spacing and ventilation network. 

• Level spacing increased to 30 m within undeveloped areas. 

• All primary development placed to the footwall side of the mineralization for long-term 

geotechnical stability. 

• Long term capital development (e.g. level access drive) is offset a minimum of 30 m from the 

stope void (end-wall), increasing to 40 m for WF3 below -210L. 

• Development of main ramps (decline) at a constant gradient of 1:7 (15%, 8°) to maximize 

vertical gain per metre developed and minimize haul distances. 

Figure 16.18 illustrates the as-built excavations with the mine design and stope NSR value. 
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Figure 16.18 Isometric as-built excavations with mine design 

 
Note: Eastings and northings shown are local mining grid. 

Source: AMC 2020. 

16.7.2 Typical level layout 

A typical level layout consists of a level entrance drive, level access drive, load haul drive, drill drive, 

slot drive, sump, electrical bay, stockpiles, and a ventilation drive as illustrated in Figure 16.19. 
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Figure 16.19 Typical development level layout 

 
Source: AMC 2020. 

16.7.3 Development profiles 

The ore and waste development profile design parameters are summarized in Table 16.19. The 

development profiles are based on current profiles and support patterns matched to the existing 

primary and ancillary mobile fleet. 

A common lateral development profile is applied within the mine design, with varying support 

patterns for excavation classifications. The new trucking decline requires an increase in development 

profile and primary ground support to match the larger haulage fleet. 

Decline

Level Access Drive

RAR Drive

FAR Drive

Sump

Load Haul Drive

Level Entrance Drive

Stockpile

Drill Drive

Transverse Stope

Longitudinal Stope

Slot 

Egress

Scale: NTS
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Table 16.19 Development profiles 

Description Profile Width Height Arch Comment 

Lateral development 

Decline Arch 5.0 4.5 1.0 1:7 constant, 25 m radius 

Level Access Drive Arch 5.0 4.5 1.0 

30 m offset from FW contact, 

increasing to 40 m below -210L (WF3). 
Development side wall to stope void. 

Lateral development Arch 5.0 4.5 1.0 
Balance of Capital, Sustaining and 

Operating development 

Trucking Decline Arch 6.0 6.0 1.0 
1:7.0, to suit 60 t truck, ventilation. 

Range 1:7.0 to 1:7.5 

Trucking Drive Arch 5.5 5.0 1.0 - 

Vertical development 

Egress Rise Square 1.4 1.4 - 75° to 90° 

FAR LH Square 4.0 4.0 - 75° to 90° 

FAR RB Dia. 3.5 - - 75° to 90°, Dia. to be assessed 

RAR LH Square 4.0 4.0 - 75° to 90° 

RAR RB Dia. 4.5 - - 75° to 90°, Dia. to be assessed 

Trucking Silo Dia. 5.0 - - 1.6 kt to 2.1 kt  

16.7.4 Mining sequence 

Stopes scheduled within areas with pre-existing development and / or adjacent voids (historical or 

planned) within the years 2020 – 2022 are extracted similarly to RPZC’s current LOM sequence, 
prioritizing higher value ore sourced from SF3 and SOF over EOF. Further detail for this is provided 

in Section 16.7.5. 

Within the eastern (EOF) and southern-central (BME, SF3, and SOF) zones, LHOS with paste fill 

stopes will use a bottom-up, advancing-front sequence, mining from a central position to the strike 

extents. 

Within the western (WF3) zone, LHOS with paste fill stopes will use a bottom-up, primary-secondary 

sequence, mining from a central position to the strike extents. 

The mining sequences enable a consistent production profile to be maintained and provides 

multi-heading development (dual) on each level. 

Table 16.20 illustrates the WF3 mine area delineations with general extraction sequence. 
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Figure 16.20 Long section WF3 mining areas and proposed mining sequence 

 
Source: AMC 2020. 

16.7.5 Mining transition 

Transition of the mining methods (and associated stopes) is planned to occur in each of the main 

ore zones within selected areas, typically the lower levels of the ore zones with minimal historical 

production or planned production during the next three years (2020 – 2023). 

Areas with partial or significant existing level development, or with minimal or no production have 
been included in the assessment. As such, all stopes were identified as either being mined using 

the current method (LHOS with no backfill in a Primary, Secondary, or Tertiary sequence) or with 

the proposed LHOS with paste fill method in an advancing front sequence. 

The approximate changeover for each zone for scheduling purposes is detailed in the following 

sections. 

16.7.5.1 BME 

Production from BME is principally sourced from stopes located within a single level, located beneath 
historic voids. Level spacing is constrained by existing infrastructure development, as shown in 

Figure 16.21 (pink colour for LHOS with paste fill, green colour for LHOS without backfill). 
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Figure 16.21 BME stope delineation 

 
Source: AMC 2020. 

16.7.5.2 EOF 

Production from EOF is sourced from three areas: 

• Upper EOF1 (160L to 70L). Production is limited to LHOS without backfill due to proximity to 
historic voids. Level spacing and access is constrained by existing infrastructure development 

and voids. 

• Lower EOF1 (-90L to -150L). Stopes positioned adjacent to production voids are limited to 

LHOS without backfill. Production from stopes below -90L require paste fill; these are within 

the unmined lower extensions of the zone. 

• Lower EOF2 (-120L to -150L). Production is primarily LHOS with paste fill. Stopes are 

positioned below historic voids, within the unmined lower extensions of the zone. 

Figure 16.22 illustrates the EOF production areas (pink colour for LHOS with paste fill, green colour 

for LHOS without backfill). 
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Figure 16.22 EOF stope delineation 

 
Source: AMC 2020. 

16.7.5.3 SOF 

Production from SOF is sourced from two principal areas: 

• Upper (above 140L). Production is primarily LHOS without backfill due to proximity to historic 

voids. Level spacing is constrained by existing infrastructure development and voids. 

• Lower (below 140L). Production is primarily LHOS with paste fill within the unmined lower 

extensions of the zone. 

Figure 16.23 illustrates the SOF production areas (magenta colour for LHOS with paste fill, green 

colour for LHOS without backfill). 
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Figure 16.23 SOF stope delineation 

 
Source: AMC 2020. 

16.7.5.4 SF3 

Production from SF3 is sourced from two principal areas: 

• Upper (above 110L). Production is primarily LHOS without backfill due to proximity to historic 

voids. Level spacing is constrained by existing infrastructure development and voids. 

• Lower (below 110L). Production is primarily LHOS with paste fill within the unmined lower 

extensions of the zone. 

Access to SF3 is developed off the SOF decline and level access, as the ore zones converge at the 

lower levels. 

Figure 16.24 illustrates the SF3 production areas (magenta colour for LHOS with paste fill). 
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Figure 16.24 SF3 stope delineation 

 
Source: AMC 2020. 

16.7.5.5 WF3 

The WF3 zone is separated into five independent mining areas where: 

• Mine Area 0 (MAREA 0) stopes interfaces with the as-built WF3 pillar lines and use the LHOS 

without backfill mining method. 

• Mine Areas 1 to 4 (MAREA 1 – 4) stope strike lengths have been increased to 20 m and use 

the LHOS with paste fill mining method. 

The WF3 Mine Area (MAREA) and mining methods used for scheduling purposes are summarized in 

Table 16.20 and illustrated in Figure 16.25. 
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Figure 16.25 Long section WF3 mine areas and mining methods 

 
Source: AMC 2020. 

Table 16.20 WF3 mining areas 

Mine area Mining method Levels Sequence Comment 

0 LHOS without backfill 
East -90L+ 

West 0L+ 
Top-Down 

Current (Pri, Sec, Ter) Mining Method. Stope 

shapes restricted to current pillar lines. 

East / West of ~23,2350 mE 

1 LHOS with paste fill 
3 levels 

-90L to -30L 

Primary-Secondary 

Bottom-Up 

Stope shapes Restricted to current pillar lines 

West of ~23,230 mE 

2 LHOS with paste fill 
4 levels 

-210L to -120L 

Primary-Secondary 

Bottom-Up 

West of ~23,230 mE 

20 m strike width  

3 LHOS with paste fill 
3 levels 

-180L to -120L 

Primary-Secondary 

Bottom-Up 

East of ~23,230 mE 

20 m strike width 

4 LHOS with paste fill 
5 levels 

-300L to -180L 

Primary-Secondary 

Bottom-Up 
20 m strike width 

5 Excluded 
2 levels 

-330L to -360L 

Primary-Secondary 

Bottom-Up 
High proportion of Inferred or isolated stopes 

16.8 Mine services 

Significant underground mine access and infrastructure exists. As the mine expands, extensions of 

the dewatering, power distribution, compressed air, communications, ventilation, and egress 

network are required. 

The existing underground and surface infrastructure includes: 

• Maintenance workshops 

• Explosives magazine 

• Fuel supply locations 

• Krupp infrastructure 
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These facilities have been assumed to be sufficient for the expanded operation. Maintenance and 

servicing of the larger profile trucks will be required to be conducted on the surface utilizing the 

existing infrastructure. 

Ore sourced from EOF, SF3, SOF, and BME will continue to be hauled to the existing Krupp 
infrastructure (ore silos, crusher, rock breaker, and conveyor) upon commissioning of the new 

trucking decline and MHS. 

Construction of an online paste fill plant that uses the tailings stream pumped directly from the mill  

and installation and extension of a backfill distribution network are required prior to paste fill 

placement. 

16.8.1 Mine dewatering 

The mine is considered to be relatively dry, with the principal source of water being groundwater 

inflow (variable quantities based on structural interactions and depth) and service water from the 
development fleet and production activities. The underground network comprises major pump 

stations within all the current and planned working areas (EOF, SOF, SF3, and WF3). Extension of 

the mine dewatering network is required as the mine deepens. 

The pump stations are arranged in series with intermediate sumps to be developed on each level to 
handle the daily flow. Submersible pumps will be used during mine development and to pump water 

from the working level sumps to the pump stations. 

In consultation with RPZC mine operations personnel it was determined that the most economical 

configuration for effective dewatering is an extension of the current dewatering approach, which 
uses underground sumps and a staged pumping system. The rising main infrastructure will need to 

be extended as the mine progresses vertically. 

Average total pumping rates are expected to be 20 – 22 L/s. Pumping skids of similar capacity to 

the existing Warman DWU series are required to maintain this dewatering rate.  

Provisions have also been made for service water handling. Service water will be produced from all 

drilling machines and for dust suppression following blasting and mucking. The contribution from 
service water is expected to be less than 5 L/s and is small in comparison to the groundwater 

inflows. 

The total maximum expected groundwater inflow to the mine is 17 L/s, at -330L within WF3. 

At present, the lowest pump station within WF3 is located at -60L. Underground pump stations on 

skids are required on the -150L, -240L, and -330L levels as the mine progresses vertically.  

Additional pump stations are included within EOF at -150L and SOF at -40L. 

Within WF3, the pump stations will be fed by submersible Flygt pumps for local mine area water. 

The three pump stations will pump approximately 90 m vertically (static head) each to the next 
pump station using Warman 125PC-DWU pumps. Pipe used between these pump stations will be 

150 mm HDPE pipe and will be located along the access ramp. The pump station at -150L will 

connect to the existing station at -60L, as shown in Figure 16.26. 
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Figure 16.26 Dewatering schematic for WF3 

 
Source: AMC 2020. 

16.8.2 Mine power 

Power is currently supplied to the mine via two independent feeds. Each feed consists of 

2 x 150 mm2 cables at 3.3 kV with a total capacity of 5.9 mega volt amperes (MVA) (limited by 
breaker settings). Each feed is capable of 4.2 MVA with modified breaker settings. This system is 

fully redundant as the current draw of the mine is below this level. Both feeds and all associated 
switchgear are rated for 11 kV but are currently running at 3.3 kV. The calculated peak electrical 

load of the mine with the proposed additions is approximately 6 MW. 

A new 25 MVA 11 kV substation is proposed for the mill expansion. Details of the new system are 
provided in Section 18 of the Technical Report. The new substation will have two 630 ampere 

breakers for new supply to the underground mine as well as a breaker for the new paste plant. 

Line losses on the existing 3.3 kV feeds to the underground mine are high due to their lengths. It 

is proposed to change these feeds to 11 kV by moving / extending the existing lines from the main 
substation to the EOF substation and changing over to new 11 kV switchgear. The switch from 

3.3 kV to 11 kV will maintain the full redundancy to the EOF surface substation, as each 11 kV 
feeder will be more than adequate to carry the entire load of the mine. While the existing EOF 

substation is rated for 11 kV, some devices and components will likely require replacement (control 

transformers, fuses, etc.). 

The feeders from the EOF substation will be upgraded to 11 kV, and all existing cables are already 
rated for the new voltage. Each feeder will have a 11/3.3 kV transformer installed near the point of 
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utilization to minimize voltage drop and maintain the use of existing 3.3 kV equipment to the 

greatest practical extent. The “Dumba” fan transformer will be replaced with a 11 kV primary unit. 
The “Stone Crusher / Tailings Pump” and the “A-Mine” feeders will each have a 1 MVA 11/3.3 kV 

transformer installed near the point of utilization. The “L30W” fan motor control centre (MCC) has 
already been upgraded to 11 kV by installing 5 MVA transformers at both ends of the 150 mm2 

feeder; however the step-up 3.3/11 kV will be removed once the EOF substation is energized at 

11 kV, and moved immediately upstream of the “L340” switchgear line-up and reconfigured as a 

step-down transformer. The “L210” switchgear line-up will have a 3.15 MVA 11/3.3 kV transformer 
installed immediately upstream of its main breaker. The existing 150 mm2 lines are rated for 11 kV 

and do not need to be changed. The remainder of existing and new areas of the mine will then 
continue to run at 3.3 kV with the main source of the line losses removed from the system. A 

generalized block diagram is shown in Figure 16.27. 

Figure 16.27 Underground electrical block diagram 

 
Source: AMC 2020. 

The expansion of the mine will require extension of the existing system into the new mining areas. 

The existing underground is supplied via four main feeds. Two emanate from the WOF L340 level 
main bus and two from the EOF L210 level main bus. The feeds from the WOF L340 level bus travel 

down the west ramp to the bottom of the west mine near the new WF3 area. The feeds from the 

EOF L210 level bus travel down the east decline to the EOF zone. 

The WF3 area will require four additional 400 kVA mine load centres to be installed at levels -150L, 
-210L, -270L, and -330L. These will be tied into the existing WOF Feeder No. 2 near the 100L sub 

(MS28). This feeder is currently sized at 150 mm2 and the continuation will be at the same size. 
Though the No. 1 feeder is closer to the new mining area, it is unsuitable as it is only 70 mm2 and 

already supplies a significant number of loads. 
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The EOF area will require two additional 400 kVA mine load centres to be installed at -120L 

and -150L. These will be tied into the existing F2 EOF lower level feeder at the -90E level via 
substation MS45. This feeder is 70 mm2, which will require either twinning with a second parallel 

70 mm2 cable, or replacement with a 150 mm2 cable. 

The BME area will require a single additional 400 kVA mine load centre installed at -10L. This sub 

will be tied into L100W sub located near the 100L workshop. 

16.8.3 Mine refuges and emergency egress 

Allowance has been made for mobile self-sufficient rescue chambers (independent of compressed 

air supply with medical grade oxygen) of appropriate capacity for the active mine areas until 

secondary egress is established. These will be relocated relative to the active working areas to be 

within the average walking pace duration of a personal self-rescuer device. 

Allowance for extension of the emergency egress network between levels has been made. Lateral 

egresses will be appropriately sign-posted and maintained for walking access. 

16.8.4 Ventilation 

The function of the ventilation system is to dilute or remove airborne dust, diesel emissions and 

explosive gases, and to maintain temperatures at levels necessary to ensure safe production 

throughout the life of the mine. The ventilation system has been designed to meet the requirements 

of Namibian Regulations and industry best practices. 

The ventilation system of the underground operation includes four exhaust sections, comprising 

three primary fans installations, one for each mine area (eastern, southern and western) and one 

associated with the main ore conveyor (Krupp infrastructure). Intake air is via a series of mine 

portals, with distribution via the ramp / decline network and internal raises. Active working areas 

are ventilated using auxiliary fans. 

Each level within each mine area has its own ventilation circuit, with fresh air entering each level 
off the decline or via internal raises (where developed). Return air is exhausted to the surface via 

an internal return airway developed off the level access drive, which connects through to the main 

return network. 

A series of exhaust raises (RARs) and fresh air raises (FARs) are developed as the mine deepens. 

The increase in production from WF3 as the eastern and southern mine areas are depleted shifts 

the ventilation demand further to the western mine area. A preliminary analysis of the ventilation 
network indicates additional infrastructure is required to satisfy increased ventilation demand for 

WF3 as the mine deepens, utilizing the existing and expanded diesel fleet (existing declines to WF3 

are limited to approximately 180 m3/s of fresh air intake). 

The new trucking decline, upon completion, will act as an additional fresh air intake and will connect 
to the fresh air circuit within WF3 at approximately -120L. To prevent short circuiting with the 

existing underground network, an airlock set of ventilation doors (or similar) is required to be 

constructed in the interconnecting accesses. 

The introduction of an additional surface RAR and an internal RAR within the WF3 mine area network 
was identified and recommended in an external audit (BBE, 13 Sep 2019). The conceptual RAR 

infrastructure includes two vertical raises and corresponding lateral development, comprising: 

• Surface collar positioned adjacent to the C mine portal access road (as identified by site). 

Approximate collar position 23,352 mE, 659,041 mN, 436L. 
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• 230 m surface raise borehole, at 4.5 m diameter, to approximately 200L. 

• 140 m lateral development, including sumps and stockpiles, connecting the surface raise base 

and internal raise collar, to be developed off the main ramp. 

• Connection to the trucking decline. 

• 330 m internal raise borehole, at 4.5 m diameter, to -120L, with access developed off planned 

-120L level. 

• Return infrastructure connected to the planned RAR network to establish an additional return 

circuit. 

Figure 16.28 illustrates the planned RAR infrastructure connected to the WF3 mining area. 

Figure 16.28 Isometric – WF3 return air raises 

 
Source: AMC 2020. 
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Level distribution is designed such that fresh air will be sourced from decline accesses (level access 

drives) via auxiliary fan and duct into each operating level. Contaminated air from development and 
production level activities returns to an internal RAR. A total of 752 m³/s is planned for the long-term 

LOM ventilation. 

Two means of egress are provided for each production area. The primary means of egress is via the 

decline system. Secondary means of emergency egress is provided in the internal raises by means 

of installed ladderways. 

Figure 16.29 shows a schematic view of the planned Rosh Pinah ventilation system. 

Figure 16.29 Rosh Pinah planned ventilation schematic 

 
Source: AMC 2020. 

16.8.4.1 Design criteria 

Key regulations from the Namibian Regulations Made Under The Minerals (Prospecting And Mining) 
Act Of 1992, As Amended : Health And Safety Of Persons Employed Or Otherwise Present In Or At 

Mines that are relevant to the design of the ventilation system are summarized as follows: 

• The mine manager shall ensure that the ventilating current from a main intake airway shall 

be suitably split to provide each ventilating district at all times with a quantity of fresh air of 

not less than two cubic metres per minute per person employed in the ventilating district. 

• The quantity of air required to dilute the exhaust gases from diesel engines shall not be less 
than 3.8 cubic metres per minute per kilowatt engine [0.06 m³/s per kW] output based on the 

maximum rating of the engine. 

• The velocity of air along the working face of a stope shall on average not be less than 15 m 

per minute (0.5 m/s). 

Other criteria applied were undertaken in consideration of the Rosh Pinah Ventilation Code of 

Practice (Rev 01 – 2017). 
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16.8.4.2 Total airflow requirements 

Air volume requirements are calculated to ensure safe production. The amount of air required is 
largely determined by the number and size of diesel equipment operating underground. The air 

volume supplied must be able to adequately dilute and remove dust and noxious gases as well as 

diesel particulate matter (DPM) generated by the use of such equipment. 

Primary infrastructure underground requiring continual ventilation is accounted for in the total 
airflow calculation. As well as the provision for underground infrastructure, allowance is also made 

for leakage and other losses and inefficiencies. 

Airflow allocations based on the scheduled production and development activities are summarized 

below in Table 16.21. 

Table 16.21 Total airflow allowance 

Activity Airflow (m3/s) 

Production fleet – diesel emission dilution 331 

Ancillary equipment – diesel emission dilution 244 

Crusher 60 

Tipping station 30 

Workshop 30 

Leakages and losses 57 

Total 752 

16.8.4.3 Ventilation modelling 

A ventilation model (using Ventsim) was developed for the PFS for three primary purposes: 

• To validate the operability of the ventilation circuit to ensure appropriate airflow can be 

provided to all the required areas. 

• To ensure compliance with design criteria. 

• To determine fans duties and energy. 

16.8.4.4 Permanent primary fans 

Over the LOM, the ventilation circuit will change depending on the type of activities and their location 

throughout the mine. The ventilation circuit was modelled to reflect the peak primary fan duties 

that could be reasonably expected. 

Applying the Ventsim model to the mine design confirmed that there is a requirement for an 

additional surface RAR and an additional internal RAR. This RAR system will require a surface fan 

installation delivering 275 m³/s. The design duty point for this exhaust fan installation is as follows. 

• Twin horizontal-mount axial fans in a parallel arrangement. 

• Design duty point for each fan: 137.5 m³/s at 2,225 Pa collar total pressure. 

• Power consumed during operation: 402 kW per fan. 

• Approximate motor size: 450 kW. 

An allowance for variable frequency drive (VFD) starters for the main fans is included. A VFD allows 
the electric motors to run at the speed necessary to supply the air volume demand, which can result 

in fan energy savings. 
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16.8.4.5 Auxiliary ventilation 

All work areas in the mine not supplied with a split of fresh air must be ventilated using auxiliary 
systems. The most effective means for providing airflow to areas without primary airflow is typically 

with small diameter axial fans combined with low leakage flexible ducting. 

Decline development ventilation 

The airflow design criteria for development of the decline assumes a maximum of 1 x CAT AD30 
truck (305 kW) and 1 x CAT R1700G loader (269 kW). At 0.06 m³/s per diesel kW, 34 m³/s is 

required for decline development. 

This can be accomplished via a parallel arrangement of two auxiliary fan and duct installations in 

the ramp. To ensure each fan-duct installation delivers 17 m³/sec to the face and to account for 
some leakage along the length of the duct, it is proposed to use a 110 kW fan. This arrangement 

will deliver the required air for a maximum 875 m of duct length. 

Level development and production ventilation 

During level development and production activities, distances up to 400 m are required to be 
ventilated using auxiliary systems on each level. The peak individual airflow for any heading will be 

that required for a large loader (18 m³/s). For 400 m duct length, the 75 kW development fans 
currently used on site will be sufficient, provided good installation and maintenance practices are 

employed. 

16.8.5 Backfill 

A detailed description of the backfill system is provided in Section 18. 

16.8.5.1 Backfill system description 

The proposed transition from LHOS without backfill mining methods to LHOS with paste fill and 
modified mining sequence requires the use of cemented backfill to ensure stability during mining of 

adjacent stopes. Paste backfill has been selected as it is a more highly engineered fill system than 

other backfill system types. Paste fill specifications can be tightly controlled, and it does not suffer 

from issues such as segregation. Operationally, a paste fill system is advantageous in offering what 
can be minimal interference with other mining activities, as well as fast filling rates to reduce stope 

cycle times. Paste will be produced from dewatered tailings mixed with cementitious binder and 
make-up water to the target density. Laboratory-scale test work has been completed to enable 

design of paste mixes in accordance with strength and reticulation requirements. 

16.8.5.2 Paste backfill production and delivery 

An online paste fill system involves the construction of a paste fill plant that uses the tailings stream 
pumped directly from the mill. The paste fill system dewaters the tailings product by vacuum 

filtration to produce a filter cake. The filter cake is transferred to a continuous mixer with the 
addition of binder and water to produce a paste fill as per design specifications. An online paste fill 

system involves significant instrumentation to provide the control required to produce a highly 
engineered fill product. Tailings will be reclaimed from the TSF to supplement the direct tailings feed 

to the paste plant if required. 

An online paste fill plant operating at approximately 80 m3/hr will provide the necessary yearly 

backfill demand of approximately 0.4 Mm3 with a plant utilization rate of 65%. When paste fill is 
required underground, tailings will be directed from the processing plant to the paste plant. The 

paste plant operator will select the paste fill recipe specified for the stope including density, 
cementitious binder dosing rate and delivery rate. The tailings filter cake, cementitious binder and 
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process water will be mixed in a continuous mixer to produce a paste fill as per design specifications 

for delivery underground. Paste fill will be pumped underground via the decline, boreholes, and level 
pipelines to the stopes to be filled. At each level where paste fill is required, steel pipes will be 

installed from the borehole taking the paste fill along trunk lines close to the point of discharge, 

with the final 50 to 100 m of low-pressure pipeline being HDPE to simplify handling and installation. 

Filling will continue in each stope until the paste reaches the required elevation, which for the LHOS 
mining method will be approximately 0.5 m below the floor elevation of the top drive. The line will 

be flushed clean of paste and the paste plant will be prepared for the next stope fill run. Waste rock 
will then be pushed on to the top surface of the paste to complete filling and to provide a traction 

surface for mucking and access as required for the next stage of production. 

16.8.5.3 Backfill test work 

Backfill test work shows Rosh Pinah tailings have a solids SG of 3.06 t/m3 with cumulative size 
distributions suitable for producing a paste fill. The key finding of the UCS test program is the 

correlation between cement addition rate and UCS after 28 days curing, which demonstrates very 

good strengths being achieved. 

Vertical backfill exposures will be sequential as adjacent stopes are mined. Simultaneous multiple 
backfill exposures will not occur, but it is possible for the backfill mass to be sequentially exposed 

on multiple sides. The paste fill design strengths depend on the stope size and number of fill 
exposures and a factor of safety applicable to the fill type. Paste fill design strengths and cement 

additions for vertical exposures of Rosh Pinah paste filled stopes that are 20 m long by 20 m wide 

by 30 m high are presented in Table 16.22. 

Table 16.22 Paste fill design strengths for vertical exposures 

No. of vertical exposures per stope 1 2 3 

Strength (kPa) 400 500 600 

Cement w/w % 3.4% 3.8% 4.2% 

Undercut exposures will occur at the base of each mining block. Paste fill design strengths and 

associated sill thickness for selected undercut span widths are presented in Table 16.23. 

Table 16.23 Paste fill design strengths for undercut exposures 

Span (m) Cement (%) Strength (kPa) Thickness (m) 

6 5.0% 800 3 

10 5.8% 1,100 5 

16 7.6% 1,800 8 

20 8.4% 2,200 10 

For bulk paste fill used in secondary stopes and historic voids that will not be exposed, a minimum 
paste design strength of 200 kPa at 28 days of curing has been selected to minimize the risk of 

liquefaction. A design cement addition of 2.0% w/w is recommended for bulk paste fill. 
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16.9 Mine production 

16.9.1 Production rate 

Mine operations are conducted 365 days of the year with mine production currently scheduled for 

2,000 tpd for approximately 700 ktpa. The PFS is based on ore production increasing to a 

steady-state rate of approximately 3,600 tpd (1.3 Mtpa) from 2023 onward. 

The schedule has been constructed for reporting from Q3 2020 onwards. 

The production increase is constrained by management of conflicting priority activities, such as: 

• Completion and commissioning of the surface portal and connection of the trucking decline to 

the existing underground infrastructure and planned ventilation raises. 

• Construction of critical surface and underground infrastructure including: paste fill plant with 
underground reticulation lines, processing plant expansion, surface tip point (with new 

crusher). 

• Development of critical access to ventilation airways. 

• MHS developed in parallel with the trucking decline development and during increased activity 

for WF3 to ramp-up production. 

16.9.2 Project milestones 

The project development milestones are summarized in Table 16.24. 

Table 16.24 Project development milestones 

Activity Completed Comment 

Paste fill plant Q4 2021 Constructed and commission by EOM Sept 2021 

Processing plant (Expansion) Q1 2023 Expansion to 1.3 Mtpa commissioning Q1 2023 

RAR Infrastructure Q1 2022 to Q3 2022 
RAR Raise bore (x2) and lateral development, connection to 

WF3 ventilation network 

Trucking decline 

Surface tip point Q3 2022 Surface tip point, crusher, and transfer conveyor 

Leg 1 Q2 2021 Portal and initial decline construction 

Leg 2 Q3 2021 Extension of surface decline 

Leg 3 Q4 2021 Connection to Leg 2 Q4 2021 (multi-heading development) 

Leg 4 Q2 2022 Connection to Leg 3 Q2 2022 (multi-heading development) 

Leg 5 Q4 2022 Connection to Leg 4 Q4 2022 (single heading development) 

Material handling station Q4 2022 Constructed and commission by EOY 2022 

16.9.3 Production and development parameters 

All development will be undertaken by RPZC, with expansion of the workforce and mobile fleet to 

match the increase in production to 1.3 Mtpa. Multiple headings are scheduled wherever possible to 

increase utilization of the personnel and equipment. 

Single heading development rates based on RPZC productivities, are summarized in Table 16.25. 

Table 16.25 Lateral development rates 

Activity description Unit Productivity Comment 

Decline m/mo 80 Decline, Trucking decline 

Lateral development m/mo 108 Balance of Capital, Sustaining, and Operating development 
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All surface and key internal ventilation raises are raise bored (RB). Raise boring assumes that the 

drill rigs, pipe, bits, reaming heads, and crews are available as necessary. 

All internal ventilation and egress raises inter-connecting the levels are developed using longhole 

(LH) drill and blast techniques. 

Vertical advance rates include allowance for mobilization and demobilization. The vertical 

development rates are summarized in Table 16.26. 

Table 16.26 Vertical development rates 

Activity description Unit Productivity Comment 

Egress LH m/day 6.0 Back calculated from drill pattern and egress length 

FAR LH m/day 6.0 Back calculated from drill pattern and FAR length 

FAR RB m/day 2.0 Raise bore 

RAR LH m/day 6.0 Back calculated from drill pattern and RAR length 

RAR RB m/day 2.0 Raise bore 

MHS Silo m/day 3.0 Longhole  

The stope production rate (mucking) is consistent with current scheduled rate of 1,000 tonnes per 

day per stope. Concurrent stoping is used where practical to achieve production targets. 

Activities associated with the production cycle, including paste fill placement, are summarized in 

Table 16.27. 

Table 16.27 Production activity rates 

Activity description Unit Productivity Comment 

Cable bolt drilling m/d 100 
Drill metres and duration based on stope size and drill 

factor applied 

Cable bolt installation m/d 200 Cable metres based on stope size 

Slot raise drilling m/d 180 
Duration based on stope height. 5-day delay post-drilling 

incorporates slot extraction. 

Production drilling m/d 130 Duration based on stope size and drill factor 12.2 t/m 

Stope production tonnes/d 1,000 RPZC productivity rate 

Barricade day 3 Fixed duration - survey, construction 

Paste fill placement m3/d 1,620 In situ void volume plus 5% 

Curing days 28 Fixed duration before adjacent stope exposure 

Notes: 

• Key factors: 

− Ventilation circuit in place. 
− Infill definition drilling completed prior to production activities. 

− Stope development is completed ahead of production activities. 
− Loader and truck fleet matches the production mucking rates. 

16.9.4 Mine schedule 

The production schedule has been developed to allow for the increase in production rates and 

extraction of higher value material, whilst allowing for the transition in mining methods. 

The production schedule generation did not consider: 

• Surface or underground stockpile quantities or broken stocks (i.e. blasted ore in stopes). 

• The run-of-mine monthly grade variability for blending purposes. 
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Key points from the mine schedule include: 

• Ten-year mine life comprising: 

⎯ 0.7 Mt (average) annual production for three years (2020 – 2022), pro rata for 2020. 

⎯ 1.3 Mt (average) annual production for seven years (2023 – 2029). 

⎯ 0.3 Mt production for one-year ramp down (2030). 

• The 2020 production covers a 6-month production period (July to December), 0.7 Mtpa pro 

rata. 

• LOM production of 11.23 Mt with an average grade of 6.26% Zn, 1.33% Pb, and 19.0 g/t Ag. 

• Significant increase in lateral and vertical development required during the 2021 – 2022 

period, associated with the: 

⎯ Construction and commissioning of the independent trucking decline and MHS, with the 

trucking decline to act as an additional fresh air intake. 

⎯ Extension of the capital infrastructure associated with change in mining method and 

sequence (to bottom-up), particularly within WF3. 

• Excavation and commissioning of a new surface RAR (and associated lateral development) 

during 2022, connecting to the (WF3) exhaust network, to compliment the increase in 

production sourced from WF3 as the eastern and south-central zones are depleted. 

• Paste fill placement of 3.6 Mm3 within stope voids as part of the mining cycle (2.5 Mm3) and 

historical voids (1.1 Mm3). 

Selected Figures and Tables summarizing the annual physicals follow, with 2020 representing 

6 months production (Q3 to Q4). 

Figure 16.30 illustrates the annual production profile with projected mined Zn and Pb grades (%). 

Figure 16.30 Annual production schedule with Pb and Zn grades 

 
Source: AMC 2020. 
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Figure 16.31 illustrates the annual production with projected mined Ag grades (g/t). 

Figure 16.31 Annual production schedule with Ag grade 

 
Source: AMC 2020. 

Figure 16.32 illustrates the annual production with NSR US$/t value. 

Figure 16.32 Annual production with NSR US$/t value 

 
Source: AMC 2020. 
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To achieve and maintain the 1.3 Mtpa production rate, the proportion of production from WF3 

increases as the eastern (EOF) and southern-central (SF3, SF3, and BME) zones are depleted, as 

illustrated in Figure 16.33. 

Figure 16.33 Annual production by ore zone and WF3 contribution 

 
Source: AMC 2020. 

Table 16.28 summarizes the mine annual production physicals. 

Table 16.28 Annual production schedule 

Item / activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Ore kt 348 709 685 1,279 1,292 1,355 1,310 1,323 1,309 1,303 320 11,232 

Zn % 6.68 6.75 6.85 5.94 6.57 7.19 7.21 6.59 5.70 4.59 4.08 6.26 

Pb % 1.19 1.83 2.06 1.83 1.90 0.95 0.98 1.20 1.11 0.95 0.64 1.33 

Fe % 4.02 4.76 4.84 4.04 4.15 6.72 6.47 6.33 5.07 5.19 5.37 5.31 

Cu % 0.09 0.18 0.26 0.18 0.18 0.25 0.25 0.21 0.16 0.11 0.13 0.19 

Ag g/t 22.5 27.2 25.5 19.4 20.4 16.3 14.3 18.8 19.5 18.2 11.9 19.0 

Au g/t 0.01 0.07 0.13 0.13 0.12 0.02 0.03 0.02 0.02 0.02 0.02 0.06 

Mg % 1.11 2.28 2.57 2.69 2.31 2.60 3.10 2.97 2.45 1.57 1.56 2.45 

Mn % 0.26 0.41 0.41 0.39 0.39 0.36 0.40 0.39 0.33 0.28 0.27 0.36 

NSR US$/t 112 125 132 110 121 111 112 107 93 75 61 106 

Fe:Zn ratio 0.59 0.70 0.71 0.68 0.63 0.92 0.86 0.94 0.87 1.11 1.25 0.84 

Stope ore kt 339 666 608 1,185 1,147 1,246 1,295 1,297 1,300 1,259 319 10,662 

Development ore kt 9 43 77 94 146 109 15 26 9 43 1 571 

Note: 2020 represents 6 months production. 
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Table 16.29 summarizes the annual production by mine zone. 

Table 16.29 Annual production schedule by zone 

Activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

BME kt - - - - 4 3 4 3 66 131 15 226 

EOF kt 80 211 73 106 104 - - 82 - - - 656 

SF3 kt - 84 161 258 227 19 59 - 1 124 28 961 

SOF kt - 44 246 332 342 47 5 4 54 113 41 1,227 

WF3 kt 268 370 205 584 615 1,287 1,243 1,234 1,188 934 320 8,247 

Total kt 348 709 685 1,279 1,292 1,355 1,310 1,323 1,309 1,303 320 11,232 

WF3 % 77 52 30 46 48 95 95 93 91 72 77 73 

Table 16.30 summarizes the annual lateral development physicals. 

Table 16.30 Lateral development 

Activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Decline m 275 591 884 694 41 25 - - - - - 2,510 

Drill drive m 216 669 1,212 1,546 2,375 1,852 380 552 206 625 18 9,652 

Egress drive m 42 36 30 43 - - - - - - - 150 

Exploration 

drive 
m 

177 600 - - - - - - - - - 777 

FAR drive m 40 126 76 118 - - - - - - - 361 

Level access 

drive 
m 

243 739 752 820 536 379 14 - - 11 - 3,494 

Level entrance 

drive 
m 

119 266 245 283 257 225 - - - 30 - 1,425 

Load haul drive m 63 507 741 925 2,083 1,210 296 393 202 268 - 6,686 

RAR drive m 134 440 470 187 20 - - - - - - 1,251 

Slot drive m - 99 290 335 622 650 115 174 138 510 - 2,933 

Stockpile m 169 601 569 442 92 104 - - - - - 1,977 

Sump m 62 13 87 99 - 62 - - - - - 323 

Trucking 

decline 
m 

- 2,016 1,851 - - - - - - - - 3,867 

Trucking drive m - 236 770 - - - - - - - - 1,006 

Total lateral m 1,539 6,938 7,976 5,492 6,025 4,507 805 1,120 546 1,444 18 36,411 

Note: 2020 represents 6 months production. 

Table 16.31 summarizes the annual vertical development physicals. 

Table 16.31 Vertical development 

Activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Egress LH m 27 87 94 123 - - - - - - - 331 

FAR LH m - 76 90 90 - - - - - - - 257 

FAR RB m 62 - - - - - - - - - - 62 

RAR LH m 58 106 138 120 27 - - - - - - 449 

RAR RB m - 231 328 - - - - - - - - 559 

Silo LH m - 6 36 - - - - - - - - 41 

Note: 2020 represents 6 months production. 
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If spare capacity is available in the paste fill plant, existing voids that can be isolated from the 

planned production areas that do not encumber the mining operation and / or ventilation network, 
will be used to place lower cement content paste fill, reducing the amount of tailings pumped to the 

TSF. Table 16.32 summarizes the annual paste fill physicals. 

Table 16.32 Paste fill physicals 

Activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Paste fill placed 4.5% '000 m3 - 47 138 225 278 268 341 334 417 377 82 2,509 

Paste fill voids 2.0% '000 m3 - 59 287 200 147 157 84 91 8 48 24 1,103 

Barricade construction # - 7 19 28 26 23 23 32 44 61 8 271 

Note: 2020 represents 6 months production. 

Table 16.33 summarizes the annual drilling physicals. 

Table 16.33 Drilling physicals 

Activity Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Longhole drilling '000 m 55 114 86 168 168 196 155 146 158 171 35 1,452 

Slot '000 m 4 13 22 34 27 24 25 32 43 52 11 289 

Production '000 m 27 52 47 80 82 101 99 96 98 94 24 801 

Vent and egress '000 m 2 7 9 9 1 - - - - - - 28 

Cable drilling '000 m 21 42 7 45 58 70 31 18 16 25 - 334 

Cable install '000 m 20 44 7 41 59 70 35 18 16 25 - 334 

Note: 2020 represents 6 months production. 

16.10 Mining equipment 

The Rosh Pinah mine utilizes a primary mobile diesel fleet of Epiroc (Atlas Copco) development and 

production drills, Elphinstone (Caterpillar) loaders and 30 t haul trucks. The ancillary mobile fleet 
assists with the preparation and installation of primary and secondary ground support and extension 

of services within the mine operation. 

The primary mobile fleet requirements for the projected development and mining schedule have 

been estimated based on Rosh Pinah benchmarks and typical industry productivities where 

applicable. Table 16.34 summarizes the mining fleet estimate. 
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Table 16.34 Mine fleet equipment estimate 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Development drills 

Boomer 282 # 1 3 4 3 3 2 1 1 1 1 1 

Boltec 235 # 1 1 2 1 1 1 1 1 1 1 1 

Scaletec UV2 # 1 3 3 2 2 2 1 1 1 1 1 

Production drills 

Simba M4C # 1 2 1 2 2 2 2 2 2 2 1 

Air Buggy # 1 1 1 1 1 1 1 1 1 1 - 

Loading 

R3000H # - - - 1 1 2 2 2 2 1 1 

R1700G # 2 3 3 3 3 2 2 2 2 2 1 

Trucking 

AD60 # - - - 4 4 9 8 8 8 6 2 

AD30 # 5 11 12 9 9 3 1 2 1 3 1 

Charge-up, IT, & ancillary 

UV 80 Scissorlift # 2 6 7 5 6 5 2 3 3 3 1 

Spraymec 6050W # - 1 1 1 1 1 1 1 1 1 1 

Agi Truck 1600 # - 1 1 1 1 1 1 1 1 1 1 

B30L Watercart # 1 1 1 1 1 1 1 1 1 1 1 

120K Grader # 1 2 2 2 2 2 2 2 2 2 1 

Service Truck # 1 1 1 1 1 1 1 1 1 1 1 

LM75 Diamond Drill # 1 1 1 1 1 1 1 1 1 1 - 

Forklift # 2 3 3 3 3 3 3 3 3 3 1 

16.11 Mine personnel 

Mining personnel were developed to provide adequate supervision and technical support for the 

daily operation of the mine. Labour estimates are based on a variety of inputs including but not 
limited to shift roster, productivity rates, physical and equipment requirements of the mine 

schedule. 

Personnel numbers vary as per the development and production schedule requirements. Labour 

levels increase due to the construction of the trucking decline and MHS, introduction of paste fill 

into the mining cycle and the increase in production targets. 

Table 16.35 summarizes the projected maximum annual personnel estimate by mine department. 

Table 16.35 Mine personnel estimate 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Supervision & control # 32 32 32 32 32 32 32 32 32 32 8 

Mining operations # 225 306 345 376 378 362 324 333 326 320 61 

Mining maintenance # 127 134 139 147 147 145 141 143 142 141 35 

Total # 384 472 516 555 557 539 497 507 500 493 103 
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17 Recovery methods 

17.1 Introduction 

The Rosh Pinah processing plant, which has been in continuous production since 1969, uses similar 

proven technologies to most other lead-zinc base metal beneficiation circuits. It currently comprises 
of crushing and grinding followed by sequential flotation to produce separate lead and zinc 

concentrates. Rosh Pinah currently treats 0.68 to 0.71 Mtpa and produces circa 50 to 60 ktpa of 

zinc flotation concentrate and circa 4.5 to 7.5 ktpa of lead flotation concentrate. 

The process includes conventional size reduction and mineral beneficiation unit processes. The 

current process plant includes the following unit operations: 

• ROM ore feed tip (located underground) 

• Primary crushing (located underground) 

• Screening 

• Secondary crushing 

• Tertiary crushing 

• Stockpile and reclaim 

• Single stage ball milling with classification cyclones 

• Lead rougher and scavenger flotation 

• Lead concentrate regrinding and cleaner flotation 

• Lead concentrate thickening, filtration, and dispatch 

• Zinc rougher and scavenger flotation 

• Zinc concentrate regrinding and cleaner flotation 

• Zinc concentrate thickening, filtration, and dispatch 

• Tailings disposal to the tailings facility 

• Tailings water reclamation 

Historically, the plant has primarily processed ore from the Eastern Orefield of the Rosh Pinah 

deposit. However, as of late 2016 the plant has been treating increased volumes of ore from the 
Western Orefield and future production will predominantly originate from this mineralized zone. As 

part of ongoing optimization, and processing ore from the Western Orefield ores, RPZC installed 

lead and zinc rougher concentrate regrind circuits in 2017. 

Western ore contains increased amounts of harder microquartzite, and operational data has shown 
that a finer grind results in higher recoveries when treating this ore. In addition to this, the 

2018 / 2019 operational data has highlighted that the zinc flotation capacity is limited to an 

equivalent to 14 tph of zinc concentrate. This zinc flotation capacity constraint has necessitated a 

reduction in milling rate when treating feed blends with a zinc feed grade of greater than 8%. 

Metallurgical test work, as part of the PFS, has been concluded on samples from the Western 
Orefield. The test work has confirmed the potential for both concentrate grade and recovery 

improvements (for both lead and zinc) using an optimized flowsheet which includes the following 

modifications: 

• A finer primary grind of 80% passing 90 µm as compared to the current grind of 125 to 175 µm 

(average of 150 µm). 

• Reduced rougher flotation feed density of 35% solids as compared to 45% for current 

operations. 
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• Addition of a Jameson cleaner scalper cell to treat the zinc rougher concentrate prior to regrind 

and cleaner flotation. 

• Classification ahead of the regrind circuits targeting 80% passing 25 µm for the lead regrind 

circuit and 80% passing 53 µm for the zinc regrind circuit. 

• Addition of a zinc cleaner scavenger circuit to allow for the operation of a separate rougher 
and cleaner scavenger circuit in combination with an increase in zinc flotation circuit residence 

time. 

• Recycle of zinc cleaner tailings and cleaner scavenger concentrate to the regrind circuit. 

The PFS is primarily aimed at increasing the Rosh Pinah concentrator plant throughput from 

0.70 Mtpa to 1.3 Mtpa with the additional objective of improving lead concentrate grade and metal 
recovery by implementing the flowsheet modifications identified in test work. The PFS is thus based 

on expanding and upgrading the existing facility to meet the production targets, achieve a finer 

primary grind (P80 of 90 µm) and incorporate the flowsheet modifications outlined above. 

The operations team have already progressed the implementation of small portion of the upgrades 
identified, namely the introduction of classification cyclones in the lead and zinc concentrate re-grind 

circuits as well as the installation of a new plate and frame filter in the zinc circuit. These upgrades 

are being implemented as part of a Mini Upgrade Project (MUP). 

17.2 Concentrator process design basis 

The current Rosh Pinah concentrator utilizes a conventional three-stage crushing and ball milling 

circuit followed by flotation. 

To achieve the throughput increases required, the study is based on the upgrading the comminution 

circuit to a new single stage SAG mill, with a pebble crushing circuit. The upgrade also includes 
primary crushing upgrades, along with other circuit modifications to provide increased flotation, 

thickening, filtration and pumping capacity. The upgrade will also include several flowsheet 

modifications aimed at improving both the lead and zinc concentrate grades and metal recoveries. 

The key aspects of the concentrator plant design for the optimization project are summarized in 

Table 17.1. 
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Table 17.1 Concentrator design criteria 

Parameter Unit Value 

Design throughput tpa (dry) 1,320,000 

Zinc feed grade % 2.57 – 11.62 

Lead feed grade % 0.32 – 3.28 

Copper feed grade % 0.04 – 0.47 

Iron feed grade % 1.24 – 11.5 

Crusher circuit annual run time hrs 5,475 

Design primary crushing throughput tph 241 

Milling and flotation annual run time hrs 8,059 

Design milling and flotation throughput  tph (dry) 164 

ROM feed size (F100) mm 780 

Flotation feed size (F80) µm 90.0 

Target lead concentrate grade % >40.0 

Target lead concentrate moisture % 16±2 

Target zinc concentrate grade % >50.0 

Target zinc concentrate moisture % 9±1 

17.3 ROM Handling and primary crushing 

A crushing circuit trade-off study was concluded to select the preferred circuit for the RP2.0 
Expansion Project, based on a variety of criteria. The trade-off considered three primary crusher 

circuit options, namely: 

• Option 1: Utilizing the existing underground primary crusher and blending silos with 

modifications / upgrades to achieve the higher throughput. 

• Option 2: Installation of a new surface crushing station with blending system to supplement 

the existing underground crushing and blending system. Ore from the Eastern Orefield would 
be crushed underground and conveyed to surface while ore from the Western Orefield would 

be trucked to surface and processed in the new surface crusher station. 

• Option 3: Installation of two (2) new underground blending and crushing stations (located in 

the Western Orefield) to supplement the existing underground crushing and blending system 

located in the Eastern Orefield. 

The crusher circuit trade-off study was compiled based on inputs from AMC, DRA, and RPZC. The 
trade-off was based on a nominal crusher circuit throughput rate of 241 tph (dry), and a target 

crusher product of 80% passing 150 mm. 

A high-level financial analysis was concluded and each of the options were assessed based on 

scoring criteria provided by Trevali and RPZC using a ranking of 1 to 5 for several different criteria 

(where 5 is the best score). The outcome of this assessment is as summarized in Table 17.2. 
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Table 17.2 Primary crushing circuit trade-off assessment outcome 

Ranking matrix 
Weight 

(%) 

Option 1: existing 

U/G crushing & 
blending systems 

Option 2: new 

surface crushing & 
blending system 

Option 3: additional 

U/G crushing & 
blending systems 

Capex 25 5.0 3.9 1.0 

Opex 25 1.0 1.9 5.0 

Health, Safety & Environmental 

(dust control, etc.) 
5 5.0 4.0 5.0 

Operability & maintenance 20 3.0 3.0 4.0 

Downtime for tie-Ins 15 1.0 5.0 3.0 

Versatility 10 1.0 3.0 5.0 

Overall ranking 100 2.6 3.3 3.5 

Based on the scoring system proposed, Option 2 (new surface crushing station) and Option 3 (two 

new underground crushing stations) scored the highest. Option 2 represents the lowest capital cost 

option and was thus adopted as the basis for the PFS. 

17.3.1 Comminution circuit 

A comminution trade-off study was concluded to select the preferred circuit for the RP2.0 Expansion 

Project, based on a variety of criteria. The trade-off considered three milling circuit options, namely: 

• Option 1: An SABC milling circuit, where a new 20’Ø x 13’, 2.5 MW primary SAG mill is 

installed, with the existing 12'Ø x 12', 1.0 MW ball mill repurposed in a secondary grinding 

duty. 

• Option 2: An SSAG milling circuit, where a new 24’Ø x 15’, 4.5 MW primary SAG mill is 

installed, with the existing ball mill decommissioned. 

• Option 3: A ball mill and Vertimill / HIG circuit, where a new secondary 1.1 MW vertical regrind 

mill is installed to operate in conjunction with the existing 12'Ø x 12', 1.0 MW ball mill. 

The comminution trade-off study was based on a nominal throughput rate of 136 tph (dry), with 
the potential for increased throughput, whilst achieving a target grind of 80% passing 90 µm. The 

nominal throughput rate was selected based on the planned mine throughput rate at the time of 
conducting the trade-off. The most recent 2018 / 2019 comminution variability test results were 

used as the basis of design and the equipment sizing was based on the 85th percentile ore hardness 

data for microquartzite samples. 

John Starkey, who was appointed as a consultant by Trevali, used SAGDesign test work results to 
model and conduct comminution circuit simulations for the SAG mill options. The SAG milling sizing 

was reviewed DRA using energy-based population balance modelling methodologies, which are 
based on ore specific breakage rates to simulate milling circuit performance. The milling simulations 

and equipment sizing for the secondary regrind mill (Option 3) were also conducted by DRA based 

on the test work data, using the same energy-based modelling methodology. 

A high-level financial analysis was concluded and each of the options were assessed based on 
scoring criteria provided by Trevali and RPZC using a ranking of 1 to 5 for a number of different 

criteria (where 5 is the best score). The outcome of this assessment is as summarized in Table 17.3. 
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Table 17.3 Mill trade-off assessment outcome 

Ranking matrix Weight (%) 
Option 1: 

SABC 

Option 2: 

Single SAG 

Option 3: Ball 

+ Regrind 

Capex 10 5.0 1.0 2.0 

Opex 20 1.0 5.0 2.0 

Health, safety, & environmental (dust control, etc.) 10 5.0 5.0 1.0 

Operability & maintenance 25 5.0 5.0 3.0 

Additional throughput potential 10 4.0 5.0 1.0 

Downtime for tie-ins 5 3.0 3.0 5.0 

Technical risk 15 5.0 5.0 3.0 

Versatility 5 5.0 5.0 3.0 

Overall ranking 100 4.0 4.5 2.4 

Based on the scoring system proposed, the single stage SAG mill (Option 2) was adopted as the 
basis for the PFS. Although this option has the highest capital cost, it is expected to have the lowest 

operating cost, whilst having potential to accommodate the 20% increase in throughput to 164 tph 
(dry). The coarser mill feed size F80 of 150 mm, as compared to the current ball mill feed F80 of 

8 mm, will negate the need for the fine crushing circuit and resultantly mitigate OHE dust emission 

risks. 

It is believed that the mill is conservatively sized for the nominal duty with an expected gross power 
draw of only 2.2 to 2.7 MW. The larger motor requirement for this option is driven by the design 

requirement to cater for a 15% ball charge, whereas for normal operation the ball charge is expected 
to be lower at 4% to 8%. Since the SSAG milling option provides greater flexibility, in terms of 

future throughput expansions, when compared to the SABC (expected to have around 10% 
additional throughput capability) and VertiMill (limited additional throughput capability) it was 

decided to opt for this more conservative sizing approach for the SSAG option. 

The higher throughput rate of 164 tph (dry) for the SSAG option has been adopted as the basis of 

the design for the PFS. 

To provide control flexibility, mill load control will govern the operation of the SAG mill. Load cells 

and a variable speed drive will be essential to maximize capacity with varying ore hardness. The 

circuit will require automation and advanced control systems for optimal operation. 

17.3.2 Lead flotation 

The lead flotation circuit design has been based on the flowsheet improvements identified during 

the 2019 ALS optimization and Jameson Cell pilot test campaigns. The basis for the lead flotation 

circuit design is summarized in Table 17.4. 
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Table 17.4 Lead flotation circuit design residence time and mass pull 

Flotation circuit 

Design basis 

Residence 

time (min) 

Mass pull 

(%) 
Equipment selection 

New / existing 

equipment 

Lead conditioner 3.0 - 2 x 10 m3 agitated tank 1 new + 1 existing 

Lead roughers 7.5 6 - 8 6 x 10 m3 flotation cell Existing 

Lead rougher scavengers 6.3 5 4 x 10 m3 flotation cell Existing repurposed 

Lead cleaner 9.0 2 - 3 3 x 2.8 m3 flotation cell Existing 

Lead re-cleaner - 1 - 2 14 m3 column flotation cell Existing 

The lead rougher and rougher scavenger circuit volumetric capacity will be increased by introducing 

additional flotation equipment with the addition of four (4) repurposed 10 m3 flotation cells in a 

scavenger flotation duty. 

No changes are proposed for the lead rougher concentrate regrind circuit (target P80 of 25 µm), 

other than the inclusion of classification cyclones ahead of the regrind mill. The inclusion of 

classification ahead of the regrind circuit offers the benefit of providing the operations team more 
flexibility while allowing for lower capital for the RP2.0 Expansion Project. The operations team have 

thus already progressed the implementation of this modification as part of a MUP. 

There is the potential to add a new Jameson Cell, in a cleaner scalper duty, ahead of the existing 
regrind and cleaning circuit. This requires further confirmatory test work and will be considered in 

more detail during the feasibility study. 

17.3.3 Intermediate thickening 

The current RPZC flowsheet includes recovery of reagentised water from the lead flotation tailings 
to allow for operation of discrete lead and zinc flotation water circuits. This allows for increased 

operational flexibility whilst minimizing reagent consumption. 

Based on test work data, the two (2) existing 22.8 mØ intermediate thickeners will be sufficient for 
the RP2.0 Expansion Project capacity increase and finer primary grind of 90 µm. A scalper guard 

cyclone will be installed ahead of the thickener to allow a portion (20% to 30%) of the lead flotation 

tailings to by-pass the thickeners. A flocculant addition rate of 15 g/t will be required. The 
intermediate thickener design sizing has been based on a unit area thickening rate of 0.40 t/m2/h 

and a target underflow solids concentration of 65% to 70% (w/w). 

The current intermediate thickener underflow pumps and overflow pumps will be upgraded to cater 

for the higher throughput. The underflow pumps will be replaced with a larger pump of the same 

make and type. 

17.3.4 Zinc flotation 

The zinc flotation circuit design has been based on the flowsheet improvements identified in the 

2019 ALS optimization and Jameson pilot test work campaigns. The basis for the zinc flotation circuit 

design is summarized in Table 17.5. 
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Table 17.5 Zinc flotation circuit design residence time and mass pull 

Flotation circuit 

Design basis 

Residence 

time (min) 

Mass pull 

(%) 
Equipment selection 

New / existing 

equipment 

Zinc conditioner #1 4.0 - 1 x 25 m3 agitated tank New 

Zinc conditioner #2 4.0 - 1 x 25 m3 agitated tank New 

Zinc roughers 20 25 - 36 3 x 50 m3 flotation cell 
2 repurposed with 

addition of a 3rd cell 

Zinc rougher scavengers 20 10 3 x 30 m3 flotation cell New 

Zinc cleaner scalper - 10 - 12 Jameson Cell New 

Zinc cleaner 30 12 - 16 5 x 20 m3 flotation cell New  

Zinc re-cleaner - 5 - 8 64 m3 column flotation cell Existing 

Zinc cleaner scavenger 15 3 -5 4 x 10 m3 flotation cell New  

The zinc circuit upgrade is based on using existing equipment, together with the installation of new 

flotation feed conditioners, rougher scavengers, cleaners, and cleaner scavenger flotation cells. A 
Jameson Cell will be added in a cleaner scalper duty ahead of the existing regrind circuit. The 

Jameson Cell has been sized based on pilot testing and is expected to produce a scalper concentrate 
with a zinc grade of 50% at 55% to 60% recovery, when treating a rougher concentrate with a 

grade of >28% zinc. 

The inclusion of the Jameson Cell will reduce the cleaner circuit capacity requirements and will also 

reduce the regrind circuit throughput requirements. 

The zinc regrind circuit will treat scalper column tailings, zinc cleaner tailings and zinc cleaner 
scavenger concentrate and target a product size P80 of 53 µm. Upgrades to the zinc regrind circuit 

will include classification cyclones and the installation of a second 90 kW regrind mill. 

Similar to the lead regrind cyclones, the operations team have already progressed the installation 

of the zinc regrind circuit classification cyclones part of a MUP. 

17.3.5 Concentrate dewatering 

The lead concentrate thickening and filtration circuit upgrade includes a concentrate thickener and 

vacuum belt filter to dewater the final lead concentrate. 

For the RP2.0 Expansion Project, final lead concentrates will be dewatered in the existing, 

repurposed, zinc thickener and zinc vacuum belt filter in order to accommodate the increased 

concentrate volumes. 

The lead concentrate thickener and filter have been sized for a maximum tonnage of 5.0 to 6.1 dtph. 

The current zinc thickener (9 m diameter) is deemed suitable for the new lead concentrate duty 

based on a unit area thickening rate of 0.100 t/h/m2, as achieved in previous 2016 / 2017 testing 
at Roytec. Similarly, the current 12 m2 zinc belt filter is suitable for the new lead concentrate duty 

based on a filtration rate of 450 to 500 kg/h/m2 as achieved in 2016 / 2017 testing at Roytec. 

It is expected that a lead belt filter product solids concentration of 16±2% (w/w) can be achieved 

based on a target lead thickener underflow solids concentration of 55% to 60% (w/w). 

The zinc concentrate thickening and filtration circuit design for the upgrade study includes a new 

concentrate thickener and pressure filter to treat the combined final zinc concentrate. 
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The zinc concentrate thickener and filter has been sized for a maximum tonnage of 32.5 dtph. A 

new zinc thickener (16 m diameter) has been selected based on a unit area thickening rate of 
0.165 t/h/m2, as achieved in previous 2016 / 2017 testing at Roytec. The new zinc pressure filter 

sizing has been based a filtration rate of 156 kg/h/m2 and is based on findings from recent 
2018 / 2019 pressure filtration test work conducted by Metso, PrepQuip and Tecnicas Hidraulicas 

as part of the current MUP (Refer to Annexure 3-7). 

It is expected that a zinc pressure filter product solids concentration of 9±1% (w/w) can be achieved 

based on a target lead thickener underflow solids concentration of 55% to 65% (w/w). 

In order to reduce zinc concentrate moisture levels for current operations, the RPZC operations 

team have already progressed the implementation of the zinc filter upgrades. The upgrades include 
the installation of a new 192 m2 zinc pressure filter as part of a MUP. The new filter is able to achieve 

a throughput of 30 dtph with potential to expand filter capacity to 273 m2. 

17.3.6 Tailings disposal 

A paste backfill plant is included in the mine design. The backfill plant will operate intermittently, 
dependent on mining backfill requirements. The backfill plant will receive un-thickened flotation 

tailings and produce a paste backfill with a solids concentration of 78% to 80% (w/w). During 
operation of the backfill plant the concentrator plant will not pump tailings to the TSF. The process 

water from the backfill plant will be returned to the concentrator plant to be used as zinc circuit 

process water. 

When the backfill plant is not operational, un-thickened tailings will be pumped to the TSF facility. 
The tailings disposal system design is based on treating 100% of the concentrator plant tailings at 

a solids concentration of 30% to 35% (w/w). The option to pump thickened tailings to the TSF will 

be evaluated during the feasibility study. 

For the PFS, the modifications to the tailings pumping system will include the installation of a third 

pump in each of the existing pump trains, as well as a full replacement of the tailings pipeline. 

17.3.7 Reagents 

The capacity upgrade will include the installation of additional dosing capacity for all existing 

reagents. 

17.3.8 Services and utilities 

The upgrade will include the installation of a third air compressor to cater for increased instrument 
air demand. The upgrade will also include the installation of air filters and driers for all compressor 

systems as well as the addition of plant and instrument air receivers. 

Further to this, two (2) new flotation air blowers will be installed to cater for the increase in flotation 

blower air demand. 

17.4 Process description 

The process descriptions are based on the detailed process flow diagrams (PFDs) that include the 

mass balance information. 

Figure 17.1 provides a high-level summary of the new RP2.0 Expansion Project process flowsheet. 
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Figure 17.1 Simplified flowsheet for the RP2.0 Expansion Project 

 
Source: DRA 2020. 

17.4.1 Ore receiving and primary crushing 

The RP2.0 Expansion Project comminution circuit is based on installing a new SAG mill to replace 

the existing ball mill. The existing Secondary and Tertiary crushing circuits will be become redundant 
and primary crushed ore (P80 of 150 mm) will be fed directly to either of the two existing mill feed 

stockpiles from either the existing underground crusher or a new surface crusher at a nominal rate 

of 241 tph (dry). 

As part of the proposed plant upgrade, a new surface primary crushing facility will be installed. The 

new primary crushing circuit is similar to the current underground primary crusher station and will 
consist of three (3) blending bunkers, a static grizzly, feed bin, vibrating grizzly, and primary jaw 

crusher. 

Ore will be reclaimed from the blending bunkers using a front-end loader and fed into the jaw 

crusher feed bin over a static grizzly. Material will be withdrawn from the crusher feed bin at a 
controlled rate using a vibrating grizzly feeder. Oversize from the vibrating grizzly feeder will be fed 

to the jaw crusher which will operate in open circuit to produce a primary crushed product (P80 of 

150 mm). 
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Primary crushed ore will be fed to the mill from the existing mill feed stockpiles via a conveyor at a 

controlled rate by means of a duty / standby feeder arrangement. 

The current process plant design includes three (3) silos ahead of the underground crushing station 

to allow for blending. Similar to current operational practice, the crusher feed blend for the new 
surface crushing station will be managed by reclaiming ore from the blending bunkers using a 

front-end loader to feed the crusher. 

A new splitter chute and stockpile feed conveyors will be installed and tied-in as part of a major 

front end shut. During this time, the newly commissioned SAG mill will be fed from the new surface 

crusher via a temporary conveyor and feed bin in order to minimize production downtime. 

17.4.2 Mill feed stockpile 

Primary crushed ore will be withdrawn from the mill feed stockpiles and conveyed to a new SAG 

milling circuit at a maximum rate of 164 tph (dry) via vibrating pan feeders. The SAG mill feed rate 
will be measured using a weightometer and controlled by the variable speed output of the vibrating 

feeders. 

The mill feed stockpiles are existing but the withdrawal system (vibrating feeders, chutes, and 

discharge conveyor) will be replaced in order to accommodate the increased throughput and larger 

mill feed size P80 of 150 mm as compared to the current mill feed size P80 of 8 mm. 

17.4.3 Milling and classification 

As part of the proposed RP2.0 Expansion Project a new primary SAG mill (24’Ø x 15’, 4.5 MW with 

VSD) and pebble crusher circuit will be installed, and the existing ball mill will become redundant. 

The design allows for the option to operate the existing ball mill in a secondary milling duty to allow 

for operational flexibility during start-up and commissioning of the new SAG mill. 

Primary crushed ore will be withdrawn from the mill feed stockpile and conveyed to the milling 

circuit at a maximum rate of 164 (dry) tph via vibrating pan feeders. Water will be added to the 

primary mill feed to form a dense slurry. 

SAG mill product from the mill ports (cutting at approximately 25 mm) will be screened at 

approximately 8 mm to remove pebbles which will be recycled to the mill feed. 

The SAG mill discharge screen undersize will be classified in a cyclone cluster to produce an overflow 

product of nominally 80% passing 90 µm. The cyclone underflow will be returned to the SAG mill 

feed. 

In order to cater for the requirement of operating the existing ball mill in a secondary milling duty 

during the initial SAG mill commissioning and ramp-up phase, the design includes an optional sump 

and pump which allows for cyclone underflow to be feed to the ball mill. 

The design also includes allowance for a SAG mill feed bin to allow for commissioning to take place 
while the stockpile feed and withdrawal system modifications are being implemented. During this 

period primary crushed ore from the surface crushing station will be trucked to the SAG mill circuit 

and fed to the mill via the feed bin. 

It is envisaged that the mill circuit will be controlled by an advanced, rules-based control, system. 
This system will control mill feed rate, mill speed, dilution and ball loading in order to maximize 
throughput and achieve a consistent cyclone overflow product size of 80% passing 90 µm. The 
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cyclone overflow produce size distribution will be continuously measured using an online particle 

size analyzer (PSA). 

17.4.4 Lead rougher and scavenger flotation 

The lead rougher and rougher scavenger flotation circuit is comprised of feed preparation followed 

by flotation in conventional tank cells. The feed to the circuit is cyclone overflow from SAG mill at a 
target grind of 80% passing 90 µm. The lead flotation circuit has been designed for a nominal feed 

solids concentration of 35% (w/w). 

The reagent conditioning capacity of the lead circuit will be increased with the addition of a new 

10 m3 conditioning tank in the SAG mill building from where the feed will be pumped to the existing 

10 m3 lead flotation feed conditioner. 

The existing circuit includes six (6) x 10 m3 flotation cells with four (4) operating as roughers and 

two (2) operating in a rougher scavenger duty. The two (2) existing rougher scavengers will be 
converted into roughers. Four (4) x 10 m3 flotation tank cells from the existing zinc circuit will be 

repurposed as new lead rougher scavengers. Lead rougher and rougher scavenger concentrates will 
be recovered to the froth phase and collected into separate transfer tanks / pumps. Lead rougher 

scavenger concentrate will be recycled to the lead rougher flotation feed conditioner. Lead rougher 

scavenger tailings will be pumped to the existing intermediate thickeners. 

All float cells will have adjustable level and air flow control which will be integrated into a new 
FloatStar control system. The feed density to the lead roughers will be monitored and the rougher 

concentrate mass pull will be measured using density and flow measurements and controlled to a 

target set-point by a new FloatStar control system. 

The feed to the lead circuit will be sampled for metal accounting purposes at the new lead 
conditioner and this sample will also pass through the courier analyser for online grade 

measurement. 

17.4.5 Lead cleaner flotation and regrind 

The lead concentrate regrind circuit and cleaner flotation circuit will treat lead rougher concentrate. 

The regrind cyclones will recover fines to the overflow (P80 of 25 µm) and the coarse cyclone 

underflow stream at 45% to 50% solids (w/w) will be gravity fed to the existing three (3) x 18.5 kW 
regrind mills. The lead regrind circuit will aim to achieve a target grind of 80% passing 25 µm for 

the combined mill product and cyclone overflow which will be fed to the existing three (3) x 2.8 m3 

cleaner cells. 

The cleaner flotation concentrate will be pumped to the existing 14 m3 re-cleaner micro cell column 
for further upgrading. The cleaner tailings stream will be recycled to the lead rougher feed. The 

re-cleaner column will recover a second final concentrate stream and the re-cleaner column tailings 

will be recycled to the regrind feed classification circuit. 

The existing zinc final concentrate thickener will be re-purposed for the new lead concentrate 
thickening duty. A new sampler will also be installed at this thickener feed in order to allow for 

sampling of the combined final scalper concentrate and re-cleaner column lead concentrate. 

All the existing flotation cells have adjustable level and air flow control which will be integrated into 

the new FloatStar control system. The Jameson Cell will have a variable speed circulation pump, 

variable level control, and allowance for wash water and variable air control. 
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The final re-cleaner column concentrate mass pull will be measured using density and flow 

measurements and controlled to a target set-point by a new FloatStar control system. 

No modifications will be made to the existing controls and courier sampling of the pumped regrind 

product, final concentrate and column cell tails. 

17.4.6 Intermediate thickening 

Lead flotation tailings will be pumped to two (2) existing 22.8 mØ intermediate thickeners via a 
guard cyclone for recovery of reagentised water for re-use in the milling and lead flotation circuits. 

Flocculant will be dosed at a controlled rate to aid settling. 

Thickener overflow flows by gravity to the existing lead process water tank, and the thickener 

underflow is pumped to a new zinc flotation feed conditioning circuit. The thickener underflow and 

lead process water supply pumps will be upgraded. 

The fundamental control for this circuit will remain the same with the underflow pumping rate 

adjusted to achieve a target thickener underflow solids concentration. 

17.4.7 Zinc rougher and scavenger flotation 

The zinc rougher and rougher scavenger flotation circuit is comprised of feed preparation followed 

by flotation in conventional tank cells. The zinc flotation circuit has been designed for a nominal 

feed solids concentration of 35% (w/w) at a nominal mill throughput rate of 164 tph (dry). 

The reagent conditioning capacity of the zinc circuit will increase with the addition of a two (2) new 

25 m3 conditioning tanks. The existing conditioning tanks will become redundant. 

The existing circuit includes one (1) x 50 m3 rougher flotation cell and four (4) x 10 m3 combined 
rougher / cleaner scavenger flotation cells. An existing 50 m3 cleaner cell is also located in this 

circuit next to the existing rougher. 

The zinc scavenger flotation cells will be removed and will be repurposed as lead rougher scavengers 

and the existing zinc cleaner cell will be converted into a rougher cell and a 3rd (new) rougher cell 
be added to the circuit. The current stepped layout already allows for this conversion. The new zinc 

rougher circuit will thus be comprised of three (3) x 50 m3 rougher cells in series. The removal of 

the rougher scavenger cells will allow adequate space provision for the third 50 m3 rougher cell. 

A new zinc rougher scavenger flotation circuit comprised of three (3) x 30 m3 flotation cells will be 

installed. 

Zinc rougher and rougher scavenger concentrates will be recovered to the froth phase and collect 
into separate transfer tanks. Zinc rougher scavenger tailings will be pumped to the final tailings 

tank via a sampler. 

The feed to the zinc circuit will be sampled for metal accounting purposes and courier sampling of 

the zinc rougher feed, concentrate and rougher scavenger tails is required. 

All float cells will have adjustable level and air flow control which will be integrated into a new 

FloatStar control system. 

The feed density and flow to the roughers will be measured and the rougher and rougher scavenger 

concentrate mass pull will be measured using density and flow measurements and controlled to a 

target set-point by a new FloatStar control system. 
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17.4.8 Zinc cleaner flotation and regrind 

The zinc cleaner flotation and concentrate regrind circuit will treat zinc rougher concentrate in a 
new Jameson Cell operated in a cleaner scalper duty for recovery of a high-grade final concentrate. 

The tailings from the Jameson Cell will be combined with re-cleaner column tailings and cleaner 

scavenger flotation concentrate before being pumped to the regrind feed classification cyclones. 

The regrind cyclones will recover fines to the overflow (P80 of 53 µm) and the coarse cyclone 

underflow stream at 45% to 50% solids (w/w) will be gravity fed to the regrind mills. There is an 

existing 90 kW regrind mill and a second 90 kW regrind mill will be added as part of the upgrade. 
The zinc regrind circuit will aim to achieve a target grind of 80% passing 53 µm for the combined 

mill product and cyclone overflow. 

The combined regrind circuit product will be pumped to a new cleaner and scavenger flotation circuit 

comprised of five (5) x 20 m3 cleaner flotation cells and four (4) x 10 m3 cleaner scavenger flotation 

cells. 

Cleaner flotation concentrate will be pumped to the existing 64 m3 re-cleaner micro cell column for 
further upgrading. The re-cleaner column will produce a second final concentrate and the re-cleaner 

column tailings will be recycled to the regrind feed classification circuit. The cleaner scavenger 
concentrate will be recycled to the regrind circuit and the tailings stream will be thickened and 

pumped to the final tailings tank. Water recovered from the cleaner scavenger tailings stream will 

be used as wash water in the zinc flotation circuit. 

All flotation cells will have adjustable level and air flow control which will be integrated into the new 
FloatStar Control system. The Jameson Cell will have a variable speed circulation pump, variable 

level control and allowance for wash water and variable air control. 

The final Jameson Cell scalper concentrate, and final re-cleaner column concentrate mass pull will 

be measured using density and flow measurements and controlled to a target set-point by the 

FloatStar control system. 

No modifications will be made to the existing controls and courier sampling of the pumped regrind 
product, final concentrate and column tails. The Jameson Cell zinc scalper concentrate will be 

sampled and analyzed online using the courier. 

17.4.9 Tailings disposal 

A paste backfill plant is included in the mine design. The backfill plant will operate intermittently, 
dependent on mining backfill requirements. During operation of the backfill plant the concentrator 

plant will not pump tailings to the TSF. The process water from the backfill plant will be returned to 
the concentrator plant to be used as process water. The incorporation of backfill is expected to 

increase zinc process water recovery which may require the inclusion of water treatment. This will 

be considered in more detail during the next study phase. 

When the backfill plant is not operational, flotation circuit tailings (un-thickened) will be collected in 
the existing tailings tank before being pumped to the tailings dam by a series of slurry pumps (i.e. 

pump train), one operating and one standby. 

A feed box and sampler will also be installed ahead of the existing tailings tank to allow for sampling 

of the combined zinc rougher scavenger and zinc cleaner scavenger tailings streams. 
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At the tailings dam, the slurry will be deposited onto the dam and the decanted water from the 

slurry will be removed from the dam via a return water dam and pumps and transferred back to the 

process plant. 

17.4.10 Concentrate dewatering 

Zinc scalper concentrate and re-cleaner column flotation concentrate will be pumped to a new 

16 mØ, high rate thickener. A feed box and sampler station will be installed ahead of the thickener. 
The thickener overflow will gravitate to an overflow tank which will supply zinc process water for 

re-use as dilution water, spray water, and gland seal water in the zinc flotation circuits. 

Zinc concentrate thickener underflow will be pumped to either one of two (2) existing filter feed 

tanks (installed as part of the MUP). The filter will be operated on a batch-basis and will produce a 
final zinc concentrate with a target moisture content of approximately 8% to 10%. Concentrate will 

be stored on the existing drying pads prior to shipment. 

The existing zinc concentrate thickener and belt filter will be repurposed for lead concentrate 

dewatering. For this new duty, lead re-cleaner column flotation concentrate will be pumped to an 
existing 9 mØ thickener. A new feed box and sampler station will be installed ahead of the thickener. 

The thickener overflow will gravitate to an overflow tank before being recycled to the lead process 

water tank. 

Lead concentrate thickener underflow will be pumped to an existing 12 m2 vacuum belt filter which 
will be operated on a continuous basis to produce a final lead concentrate with a target moisture 

content of approximately 14% to 18%. Concentrate will be stored on the existing drying pads prior 

to shipment. 

The control philosophy from the existing zinc and lead thickeners will be replicated for the new 

thickeners and underflow pumps. 

New samplers will provide samples for the courier and provide the daily metal accounting samples 

for the final lead and zinc concentrates. 

17.4.11 Water reticulation 

The plant water circuit includes lead and zinc process water, zinc flotation spray water, raw water, 

potable water, gland seal water, reclaimed TSF water, and process water return from the backfill 

plant. The concentrator plant will receive raw water from the Orange River. 

17.4.11.1 Lead process water 

Lead process water will be collected and distributed from the existing intermediate thickener 

overflow tank. The lead process water tank will receive intermediate thickener overflow, lead 
concentrate thickener overflow and raw water make-up. A duty / standby pump arrangement will 

supply lead process water for dilution and spray water in the milling circuit and lead flotation circuit. 

17.4.11.2 Zinc process water 

The zinc concentrate thickener overflow tank will receive zinc concentrate thickener overflow, TSF 

return water, and process water return from the backfill plant. A duty / standby pump arrangement 

will supply zinc process water for dilution purposes in the zinc flotation circuit and will supplement 

the zinc flotation spray water. 
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The zinc scavenger cleaner tails thickener overflow tank will receive the scavenger cleaner tails 

overflow and make-up from zinc process water system. A duty / standby pump arrangement will 

supply zinc flotation spray water. 

17.4.11.3 Potable water, gland seal water, and raw water 

Potable water will be supplied from the existing potable water supply system. 

The existing gland seal water tank with duty / standby pumping arrangement will supply water for 

the gland seal requirements of the tailings disposal pump trains. 

Raw water will be supplied from the existing raw water system, however a new tie-in to the existing 

Skorpion raw water line will be required in order to cater for increased raw water demand. 

17.4.12 Air services 

Low pressure air demand for flotation cells is provided by positive displacement blowers. There are 

3 x GM80 blowers currently installed to supply the blower air for the existing flotation equipment. 

As part of the upgrade, one (1) GM80 flotation blower will be installed to provide blower air for the 

new zinc rougher scavengers, cleaners and cleaner scavenger flotation cells. 

Medium pressure compressed air will be supplied for instrumentation and plant air requirements 

with the installation of a third compressor identical to the two (2) existing units. Process air will be 
supplied via a new receiver rated for 860 kPa (g). New air driers and filters will be installed ahead 

of a new instrument receiver rated for 860 kPa (g). 

A dedicated compressor and 20 m3 air receiver was installed as part of the Mini Upgrade to supply 

high-pressure compressed air to the zinc concentrate pressure filter. 

17.4.13 Reagents and consumables 

The existing plant includes reagent make-up and dosing systems for sodium normal propyl xanthate 
collector, sodium cyanide, zinc sulphate, copper sulphate, frother, lime, aerophine 3418A promoter, 

dextrin depressant, and flocculant. 

The upgrade includes provision for additional dosing pumps for each reagent system with further 

allowance for an additional holding and dosing tank for cyanide and collector. 

All dosing pumps will be variable speed with flow measurement and control. 

17.4.14 Courier 

There is currently space for 12 streams in the existing courier and there is a planned Courier 

replacement in 2021. The planned replacement should cater for a minimum of 15 streams as 

required for the RP2.0 upgrade. 

The samplers and courier delivery will operate autonomously, and the courier will operate according 

to the logic currently employed. 

17.5 Water management 

Raw water consumption rates for the PFS were estimated using the overall site water balance 

developed for the study. The model indicates an average raw water consumption of 0.90 m3 per 
tonne milled. At this consumption rate the existing raw water supply from the Orange River will 

have to be supplemented with a new secondary supply from the Skorpion Mine water line. This 
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water will primarily be used for lead process water make up. The capacity of the raw water supply 

systems were derived from the NamWater Situation Assessment on Water Supply to Rosh Pinah 

Zinc Mine dated March 2013. 

It is noted that there is the potential to reduce raw water consumption to 0.20 to 0.30 m3 per tonne 
milled with the inclusion of paste backfill. The reduction in raw water consumption may offer the 

opportunity to meet the concentrator and mine raw water requirements using only the existing raw 
water supply line. This may require the inclusion of water treatment and will be evaluated in more 

detail during the feasibility study. 

17.6 Concentrator engineering 

The basis of engineering provides the legal and technical framework on which the concentrator 

design is founded. It consists of three main pillars: 

• Legislation and Standards 

• Environmental Management Plan (EMP) 

• Design Criteria and Specifications 

National policies and legislation have been considered to ensure technical viability and socially 

responsible design. Where applicable, national and local municipal laws and by-laws have been 
considered and incorporated in the design and estimate. The estimate allows for technically 

competent and legally appointed personnel to review and approve detailed engineering designs 
during the execution phase, as required by South African engineering law (which Namibia relies on 

where it does not have its own). Relevant international standards e.g. ISO, EN, BIS, DIN, and 
national technical standards e.g. SANS, have been identified and adhered to during the concentrator 

design. 

Standards and applicable legislations have been listed in the relevant design criteria and 

specification documents. 

Project-specific design criteria were developed. These documents are based on DRA developed 

design criteria for cost effective, technically sound and maintainable plant design. Combined criteria 
exist for the concentrator plant and bulk infrastructure. The design criteria include experience based, 

operationally verified and calculated design detail that encompasses the cumulated experience DRA 
has generated throughout various projects. The design criteria are further supported by detailed 

specifications that stipulate technical requirements to contactors. The design criteria and 

specifications ensure conformity of design, corrosion protection, and paint colouring across the 

entire mining site. 

Limited operability and maintainability reviews of the plant have been conducted. In the detail 

design phase operability and maintainability will be scrutinized in more detail by means of design 

reviews. 
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18 Project infrastructure 

18.1 Tailings storage facility 

The Rosh Pinah TSF is operated by a South African contractor, Fraser Alexander Tailings (FAT). As 

part of the ongoing work, FAT provides monthly updates to the Technical Operational Risk 

Assessment System (TORAS) as well as an annual technical report. 

Tailings slurry from the processing plant is pumped via a pipeline to the TSF and distributed for 
deposition by means of a ring feed system. Figure 18.1 is an aerial view of the site showing the 

TSF. 

Figure 18.1 Aerial site view showing TSF 

 
Source: RPZC 2020. 

Some key aspects of the TSF design include: 

• Side slopes of the outer walls of the tailings dam developed at a vertical to horizontal ratio of 

1:3 with benches of 6 m width for every 7 m vertical rise. 

• Embankments raised by daywall upstream construction method. 

• TSF currently consisting of two separate compartments, each with its own penstock, to 

manage the rate of rise as the dam height increases. 

• Deposition switches between the separate dam areas so that tailings and free water gravitate 

to a pool at the centre of each dam with the depth not exceeding 0.3 m. 
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• Decant water is collected by penstock towers in each compartment that feed to lined water 

retaining dams at the east and south side of the tailings dam, with a portion of this water 

returned to the processing plant for reuse and dust suppression. 

• Ten piezometers to monitor phreatic water levels, which were installed in 2018. 

• No spill way for the TSF, as the penstocks have been designed to act as emergency water 

egress. 

• The facility has two return water dams; these collect all surface run-off water and water from 

the penstocks. 

Trevali identified tailings dam management as a material risk to its business and in November 2018 

appointed KCB to conduct a detailed tailings dam Assurance Audit at each of its operations based 
on the Canadian Dam Association Safety Guidelines. The process included an initial gap analysis 

followed by a site safety assurance audit and finally an actions and findings report was developed. 
KCB was appointed in January 2020 to act as Trevali’s professional service provider and third-party 

independent peer reviewer for the tailings dam safety assurance process. In March 2020 Knight 

Piésold was appointed by Trevali as the Design Engineer to address the findings and observations 

as listed in the KCB actions report (August 2019). Findings and observations are being addressed 
in order by the appointed Design Engineer in priority at each operation and feedback on progress 

provided quarterly to the Health, Safety, Environment, & Community (HSEC) Committee. 

KCB completed a dam safety assurance assessment on the Rosh TSF in May 2019. The key findings 

of this assessment were that the TSF was generally well managed and there were no signs of 
distress, and the stability of the TSF was likely adequate. The assessment identified the requirement 

for a number of corrective actions related to data collection (not stability) and suggested 
improvements which are being addressed by RPCZ in accordance with Trevali’s overall tailings dam 

assurance process. 

With an expected increase in tailings production rate and a projected LOM tailings total that will 

exceed the capacity of the TSF, Knight Piésold completed a PFS for the TSF expansion in March 
2020. This study considered raising of the TSF embankment in combination with the construction 

of a south-east extension for ore production rate scenarios of 2,000 and 3,600 tpd. 

The revised LOM tailings balance based on the PFS (1.3 Mtpa of ore) production rate and paste 

filling schedule significantly reduces the tailings storage capacity requirement from the totals 

assessed in the Knight Piésold report. However, a partial TSF expansion is still required. 

The Knight Piésold report stated that the south-east extension starter embankment would be 
constructed with sand and gravel from inside the tailings basin, with a geosynthetic liner system 

over the tailings basin footprint to contain the tailings solids and process water. The south-east 
extension would then be raised using the daywall upstream construction method. A basin underdrain 

was included in the design to enhance consolidation of the tailings mass, collect seepage through 
the tailings mass and lower the hydraulic head on the geomembrane, thereby minimizing the 

potential for seepage from the base of the TSF. 

Knight Piésold estimated that the overall costs for the 2,000 tpd feed scenario would likely be lower 

than the 3,600 tpd feed scenario due to the lower tailings throughput. Consequently, AMC has 
concluded that a further reduction in the tailings throughput would reduce the TSF expansion cost 

in addition to the cost reduction due to the decreased capacity requirement. The cost estimation for 
the PFS has been based on the full sustaining capital cost, and a portion of expansion costs for the 

TSF as detailed within the Knight Piésold report. 
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18.2 Waste rock dump 

Mine waste rock is hauled via declines to one of the two surface waste dumps or, where possible, 

placed underground in mined-out stope voids. 

The surface waste dumps include the Eastern Orefield waste dump which contains approximately 

2.8 Mt, and the Western Orefield waste dump which contains approximately 0.9 Mt. 

18.3 Paste backfill plant 

The paste fill plant uses the total tailings stream pumped directly from the mill. The tailings are 

thickened before further dewatering by vacuum filtration to produce a filter cake. The filter cake is 

transferred to a continuous mixer with the addition of binder and water to produce a paste fill as 

per design specifications. Tailings will be reclaimed from the TSF to supplement the direct tailings 

feed to the paste plant if required. Figure 18.2 illustrates the paste fill plant process. 

Figure 18.2 Paste fill plant process flow diagram 

 
Source: DRA 2020. 

The paste fill plant is designed to operate at approximately 80 m3/hr to provide the necessary yearly 
backfill capacity of approximately 0.4 Mm3 with a plant utilization rate of 65%. When paste fill is 

required underground, tailings will be directed from the processing plant to the paste plant. The 

paste plant operator will select the paste fill recipe specified for the stope, including density, 

cementitious binder dosing rate and delivery rate. Bulk cement will be stored in a steel silo from 

where it is delivered to the mixer. 
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The tailings filter cake, cementitious binder and process water will be mixed in a continuous mixer 

to produce a paste fill as per design specifications for delivery underground. The paste fill system 
involves significant instrumentation to allow the control required to produce a highly engineered fill 

product. Paste fill will be pumped underground via the decline, boreholes and level pipelines to the 

stopes to be filled. 

The paste fill plant consists of the following major components: 

• Tailings thickener 

• Reclaim surge tank 

• Filter feed tank 

• Vacuum belt filter 

• Filter cake transfer conveyors 

• Cement storage silos 

• Cement addition system 

• Continuous mixer 

• Water addition system 

• Pump feed hopper 

• Positive displacement pumps 

• Flush water system 

• Process water system 

• Compressed air system 

• Control room 

• Instrumentation 

• Power supply 

• Potable water for auxiliary requirements 

Underground tailings backfill offers obvious advantages, including reduction of tailings stored on 

surface and thus being more environmentally friendly, facilitation of in situ ore pillar removal and 
thus maximizing ore production, enhancing mine support with associated safety benefits, and 

improvement of the ventilation circuit through elimination of potential short circuiting. 

The backfill plant is to be designed and built for commissioning in October 2021. 

18.4 Power supply 

The mine power is directly supplied by the National Power Utility Company of Namibia (NamPower) 

from its grid system. Rosh Pinah has a reserved capacity of 7.95 MVA with current demand at 
approximately 7.2 MVA fed via two identical 5 MVA transformers. Approximately 3.1 MVA supplies 

the processing plant with the rest supplied to the mine, predominately for ventilation. 

A spare 5 MVA transformer was purchased in 2014 and serves as back-up for the existing units. No 

emergency power supply exists. 

The electrical reticulation infrastructure is summarized as follows: 

• A 400 kV NamPower line supplies power from the Kokerboom Substation close to 
Keetmanshoop to Obib at Skorpion Zinc, from there the town of Rosh Pinah is supplied via a 

66 kV line. 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 234 
 

• A 66 kV incomer line supplies power from the substation, located near the Scorpion Zinc mine, 

to the main substation at RPCZ via the Rosh Pinah Town Substation. 

• Power is stepped down to 3.3 kV through two 5 MVA transformers and supplied to the 

processing plant (milling substation), the crushers (Secondary and Tertiary substations) and 

the Eastern Orefield substation (main distribution to underground). 

• Underground reticulation occurs on the various levels with 3.3 kV to 550 V substations as 

described in Section 16. 

NamPower has advised that the overhead line conductors between the NamPower sub-station at 
Skorpion Zinc and RPZC are ‘Hare’ specification. The thermal capacity of the line is calculated at 

40 MVA but, due to the length of the line, volt drop considerations and its age, this limit has been 

assumed to be 20 MVA. 

Of the current 20 MVA line capacity, 10 MVA is reserved for the Rosh Pinah Town and Orange River 
water pumping schemes, 7.95 MVA for RPZC and the remainder of approximately 2.1 MVA to the 

Sendelingsdrif diamond mine on an offtake agreement. 

The peak power requirement of the RP2.0 Expansion Project is forecast to increase by 1.2 MW in 

2021 as a result of a paste plant addition, 1.8 MW in 2022 due to increased underground ventilation 
requirements, and 3.8 MW in 2023 due to the planned SAG Mill installation and processing plant 

upgrades. Power Factor (PF) correction will be installed to correct the PF of RPZC to 0.96. The peak 

design load is estimated to be 14.7 MW in 2023 as shown in Figure 18.3. 

Additionally, the load profile includes allowance for an underground growth rate of 1% per annum, 
and a processing plant growth rate of 0%. From these projections, the peak load forecast in 2030 

is estimated to be 15 MW. To accommodate a worst-case scenario, with no power factor correction 
at RPZC, an application to increase the RPZC reserved capacity from 7.95 MVA to 18.5 MVA has 

been submitted to NamPower. NamPower will reply formally in Q4 of 2020 with the existing 

limitations and the options to overcome these. 

Figure 18.3 Rosh Pinah mine estimated power forecast 

 
Source: DRA 2020. 
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In order to meet the power demands of the RP2.0 Expansion Project, two 25 MVA, 66 kV / 11 kV 

Power Transformers will be installed in a running / standby configuration. The new 11 kV Distribution 
Substation will be sized with spare space so that all the 3.3 kV loads can eventually be moved to 

11 kV. The transformers will be oversized due to the high ambient temperatures at the site. 

18.5 Roads 

The Property is accessible via sealed roads from Windhoek 800 km to the north and from the South 
African border in the south. The closest commercial airport is located at Oranjemund, approximately 

105 km south-west of Rosh Pinah, again accessible via a sealed road. The nearest railhead is located 

at Aus on the Lüderitz - Keetmanshoop line, which is also accessed by a 165 km sealed road. 

A series of dirt roads are used to access drill sites, the decline portal, mine offices, workshop, the 
surface magazine, and the processing plant. New roads will be constructed to access the paste plant 

and the new surface portal. 

18.6 Transportation 

Zinc and lead concentrates are placed on a series of drying floors located adjacent to the processing 
plant where the concentrate is dried and stockpiled. A front-end loader is used to load the 

concentrate onto trucks for transport 300 km to the port of Lüderitz where RPZC has a dedicated 

concentrate storage shed. The concentrate is then shipped to international markets. 

18.7 Water supply 

Water for Rosh Pinah is sourced from the Orange River by the Namibia Water Corporation 

(NamWater) via approximately 20 km of 250 mm pipeline. Two pump stations, a base pump station 
and a booster pump station, each consisting of two pumps (one standby) deliver water at a rate of 

between 140 to 150 m3/h to a 3,300 m3 industrial water reservoir on the mine site. Approximately 
30 m3/h of water is also returned from the TSF. The pumping stations operate automatically to 

maintain the reservoir level at greater than 90% of capacity. A reservoir bypass line exists to supply 

water directly to the processing plant. The total current water supply is 1.2 Mm3 per annum. 

Industrial water is supplied to the processing plant either from the reservoir via gravity and / or 
directly through the bypass line. The average process plant water consumption is currently 

1.55 m3/t milled. In cases of emergency, water can be transferred from two RoshSkor town water 

reservoirs to the onsite industrial water reservoir. 

A series of underground pump stations and sumps / tanks collect, store, and pump underground 
water to surface. On surface the water is collected in tanks and a catch-all dam for recirculation 

back underground for drilling and underground dust suppression, surface dust suppression, and 

irrigation of the golf course and TSF. 

The PFS estimate indicates the total raw water supply requirement from the Orange River to be 

182 m3/h, as follows: 

• Processing plant raw water consumption of 145 m3/h based on an estimated water 
consumption of 0.90 m3/t milled. It is however noted that this can potentially be reduced with 

the inclusion of backfill and water treatment. This is to be evaluated in more detail in the next 

study phase. 

• Underground mine raw water consumption of 21 m3/h. 

• Rosh Pinah town raw water consumption of 16 m3/h. 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 236 
 

At the estimated future consumption rate, the existing raw water supply from the Orange River will 

have to be supplemented with a new secondary supply from the Skorpion Zinc raw water supply 

pipeline. 

18.8 Sewage treatment 

The existing sewage treatment station has adequate capacity to process any additional sewage 

generated by the RP2.0 Expansion Project. 

18.9 Mine dewatering 

See Section 16.8. 

18.10 Water treatment facility 

Approximately 160 m3/day of the industrial water is taken from the reservoir and converted to 
potable water by chlorination and is pumped through two pressure filters to a 600 m3 potable water 

reservoir. The potable water is supplied via gravity to onsite users. 

18.11 Site communications 

A mine control room is located on surface for communication with the underground operations and 
monitoring of the underground ventilation fans and dewatering pumps. Two-way radio 

communication is available throughout the surface and underground operations. The existing 

underground leaky feeder system will be extended as mining advances. 

RPZC plans to upgrade the underground communications to a wireless mesh network as part of the 

implementation of a MineRP integrated enterprise system to support the RP2.0 Expansion Project. 

18.12 Accommodation 

Most RPZC personnel live in the town of Rosh Pinah. Short-term accommodation is also provided in 

the form of guest house and hostel-style lodging. There are five hotels in Rosh Pinah town, which 
are sufficient to house technical teams required for the RP2.0 Expansion Project without new 

infrastructure required. 

18.13 Surface maintenance workshops and critical spares 

The surface maintenance facilities include: 

• Drill and blast workshop 

• Load and haul workshop 

• Underground electrical workshop 

• Plant maintenance workshop 

• Comminution maintenance workshop 

• Surface electrical & instrumentation workshop 

• Transport workshop 

• Trackless equipment wash-bay facilities 

• Tyre maintenance workshop 

Due to the remote location of Rosh Pinah, the major components and critical spares kept on site 

include: 

• Rock Hammer 

• Reconditioned Jaw Crusher Shaft Assembly (jaw stock) 
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• Jaw Crusher Wearing components 

• Cone Crusher bowls 

• Cone Crusher main shafts 

• Cone Crusher wearing parts 

• All machinery driving electrical motors 

• All machinery driving gearboxes 

• 1,000 kW ball mill motor 

• Ball mill gearbox 

• Ball mill pinion gear 

• Ball mill girth gear 

• Agitators for flotation plant 

• Plant and underground supply electrical transformers and motors 

• LHD and truck drive components 

• Compressors 

• Various drill drifter hammers 

• Land Cruiser drive components 

Minor modification to some of the existing surface maintenance facilities are envisaged for the RP2.0 

Expansion Project. 

18.14 Explosives magazines 

ANFO (ammonium nitrate and fuel oil) is used for lateral development blasting and bulk emulsion 
is used for stope (production) blasting. Explosives are transported to the mine site by RPZC’s 

explosives supplier using supplier transport equipment and personnel. Upon delivery to Rosh Pinah, 
all explosive products are transferred to the surface storage facilities which include separate 

explosive and detonator magazines. An appointed magazine master and deputy magazine master 
are responsible for the surface magazines including ordering explosives, supplying the underground 

stores, maintaining the surface magazine in accordance with regulatory requirements, and 
transporting explosives from the surface magazines to the underground explosive stores using 

specialized vehicles. 

The surface explosive magazines have capacity for 1,500 bags of ANFO (25 kg per bag) and 

50 tonnes of bulk emulsion. 

The management of the underground explosives store and blasting activities are under the care and 

control of approved and qualified mine personnel. 

18.15 Fuel farm 

Diesel fuel is required for the underground mobile mine equipment and surface vehicles. Diesel is 
stored in two properly constructed tanks, one with capacity of 82,000 L, the other with capacity of 

23,000 L. There is a surface refuelling station that allows for refuelling of both light vehicles and 
heavy-duty mining equipment. A fuel and lube management office is located near to the fuel 

dispensing facility. 

18.16 Change house 

Change house facilities accommodating lockers, change room, showers, and washrooms for the 

mine, maintenance and processing plant personnel are located at the mine site. 
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Personal protective equipment such as gloves, safety glasses, self-rescuers, hard hats, and cap 

lamps are provided by RPZC. 

18.17 Administration buildings 

The mine office complex comprises the administration and engineering buildings, which provide 

working space for management, supervision, geology, engineering, and other operations support 

staff. The main administration infrastructure at Rosh Pinah includes the following: 

• Administration & management building 

• Human resources building 

• Security control building 

• Training offices 

• Safety / health / environment building 

• Supply chain receivables, warehouse, and stores facilities 

Figure 18.4 shows an overhead photograph of Rosh Pinah, with the townsite in the foreground. 

Figure 18.4 Photograph of Rosh Pinah town and mine area 

 
Source: RPZC. 

Figure 18.5 shows the Rosh Pinah infrastructure plan. 
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Figure 18.5 Rosh Pinah infrastructure plan 

 
Source: DRA 2020. 

It is envisaged that the existing mine administration facilities will be adequate to support the RP2.0 

Expansion Project, with only minor upgrades required. 

18.18 Assay laboratory 

The RPML is located on the mine site and is equipped to perform daily analyses of mine and process 

samples. 

18.19 Security / gatehouse 

There is a designated security department at Rosh Pinah that is responsible for daily security tasks. 

The main security gatehouse is located on the main access road and is staffed at all times. All 
employees and visitors are required to check-in on arrival to the mine site and check-out prior to 

departure. 
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19 Market studies and contracts 

19.1 Metal prices and exchange rates 

The Mineral Reserve and RP2.0 Expansion Project economics were assessed using the metal prices 

and exchange rates shown in Table 19.1, which were selected after discussion with Trevali and 
referencing current market and recent historical prices, values used in other recent NI 43-101 

reports, and available consensus forecast information. The QP considers the metal prices selected 

to be reasonable. 

Table 19.1 Metal prices and exchange rates 

Element Unit 2020 2021 2022 2023 2024+ 

Zinc US$/lb 0.93 1.00 1.10 1.12 1.13 

Lead US$/lb 0.83 0.90 0.94 0.95 0.93 

Silver US$/oz 17.75 19.38 19.55 20.02 19.99 

Exchange rate N$:US$ 17.08 17.00 16.96 16.50 16.59 

19.2 Markets 

The demand for refined zinc has historically been driven by the urbanization and industrialization of 
developing economies, most notably China over the past 20 years which now accounts for 

approximately 50% of global zinc demand. 

The 2020 coronavirus pandemic has resulted in significant changes to zinc market assumptions and 
outlook as global zinc demand is forecast to fall to its lowest level since 2013 in the wake of global 

economic activity coming to a standstill during the first half of 2020. The demand decrease has 

been offset by mine production curtailments because of coronavirus related government restrictions 

and operating and supply chain disruptions. 

Over the long term the impact of the 2020 coronavirus pandemic will dissipate and, given zinc's end 

uses, growth in its consumption is likely to rely on urbanization and industrialization in the 
developing economies. Wood MacKenzie estimates that between 2020 and 2040 global demand for 

refined zinc will rise from approximately 13.0 Mt to 18.2 Mt, representing a compound annual growth 

rate of approximately 1.7%. 

Once the global economy starts to recover in 2021 the zinc price is expected to recover from the 

lows in 2020. 

19.3 Contracts 

AMC understands that Trevali has LOM concentrate offtake agreements in place with Glencore for 

all zinc and lead concentrate. These agreements provide for final commodity pricing based on 
average London Metal Exchange (LME) pricing in a future month nominated at the time of shipment 

and smelter charges with reference to the industry annual negotiations between third party smelting 

and mining groups. 

Based on actual contract agreements, the representative terms are set out in Section 15.4. 
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20 Environmental studies, permitting and social or community impact 

20.1 Introduction 

RPZC has all the required permits for its operations on the Property. The exploration and mining 

permits are described in Section 4.1 of the Technical Report. 

The existing mining permits cover all the active mining areas and, in conjunction with environmental 

certificates, give RPZC the license to carry out full mining and mineral processing operations. RPZC 
has an environmental clearance certificate issued by the Ministry of Environment and Tourism of 

the Republic of Namibia, covering the operation of Rosh Pinah. RPZC also has approvals and 

certificates for wastewater and effluent disposal and dewatering for mining and dust suppression 

purposes. All permits must be renewed periodically. 

RPZC is governed by a management system which encompasses, occupational HSEC. These 

commitments are implemented and managed through a certified ISO 14001:2015 Trevali group 
Environmental Management System (EMS) with the current certification is valid until 1 August 2020. 

A certified ISO 14001: 2015 Management System is not a legal requirement. However, it is a 
requirement for IFC Performance Standards (in particular, Performance Standard 1 - Assessment 

and Management of Environmental and Social Risk and Impacts and good international industry 

practice. 

The EMS consists of: 

• The Trevali group Environment Management Standard and associated procedures which 

outline the minimum performance requirements for environmental monitoring and reporting, 
impact assessments, water, air, noise and vibration management, greenhouse gas and 

energy, climate change, waste management, hazardous management, biodiversity 

management, and soil and land management. 

• The group Sustainability Reporting standard and platform, which enables data records for 
incidents, inspections and investigations as well notification and management of inspection 

results. 

• The Trevali group Risk management and Audit Standards and associated governance, 

including reporting to the Trevali Board. 

An independent third-party consultant ASEC was engaged to fulfil the EMS requirement of regular 

monitoring of environmental performance through compliance audits that have been conducted 

since 2003. 

ASEC found no evidence of environmental issues that could materially impact the ability to extract 

the Mineral Resources or Mineral Reserves at RPZC (ASEC 2020). This assessment was based on a 
site visit undertaken by ASEC to Rosh Pinah and Lüderitz in January 2020, review of available 

reports and documents and discussions with RPZC and Trevali Group management. 

ASEC highlighted key priority focus areas which included rehabilitation plans, general improvement 

of the bio-remediation site and measures to reduce the dust at the waste stockpiles and from the 
processing plant. ASEC noted an improvement on the general focus of the environmental program 

with the appointment made to the Environmental section. 
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The ASEC report outlined several initiatives that have been implemented to mitigate and manage 

material risks as follows: 

• Dust was considered a material environmental risk because of the irritation it can cause and 

the residual levels of lead and arsenic that can be captured within it. RPZC took action and 
there has been a reduction of particulate matter (PM10) dust fallout levels at the mine (within 

the concentrate shed and crusher) and within the town of Rosh Pinah. To understand and 
manage dust at source the use of multi-directional dust buckets have been implemented. 

Actions to reduce dust (that contains lead and zinc) include. 

⎯ Rock cladding placed on the walls of the TSF. 

⎯ a polymer has been sprayed on the TSF, which prevents dust. 

⎯ increased watering to supress dust on road-ways. 

In light of the ongoing drought, Trevali has also identified future water scarcity as a potential risk. 
Actions taken by RPZC to reduce the water scarcity risk include, working with other 

catchment-based stakeholders to identify alternative water sources (groundwater and retreating 

mine water) rather than drawing this from the Orange River. The design of the RP2.0 Expansion 

Project also explicitly takes into account and mitigates future water scarcity risks, with the paste 
backfill plant designed to use tailings (and the water entrained in tailings) and secondary water 

from the Skorpion Zinc raw water supply pipeline. 

20.2 Permitting requirements 

The Republic of Namibia has five tiers of law and a number of policies relevant to environmental 
assessment and protection, which includes the Constitution, Statutory Law, Common Law, 

Customary Law, and International Law. As the main source of legislation, the Constitution of the 
Republic of Namibia (1990) makes provision for the creation and enforcement of applicable 

legislation. 

Rosh Pinah operates under the following main laws, regulations, and guidelines: 

• Minerals (Prospecting and Mining) Act 33 of 1992 (Minerals Act) as amended by the Minerals 

(Prospecting and Mining) Amendment Act 8 of 2008 

• Environmental Management Act, Act 7 of 2007 (Environmental Act) 

• Water Act, Act 54 of 1956 

• Nature Conservation Ordinance, No. 4 of 1975 

• Atmospheric Pollution Prevention Ordinance (1976) 

• National Heritage Act 2004 

The Minerals Act states that the holder of a mineral license must take all steps to the satisfaction of 

the Minister to remedy any damage caused by any mining activities. In the case of larger mining 
operations, the Minister would almost invariably demand guarantees that could be used by the 

Ministry to remedy damage caused by mining activities; this is in the form of closure financial 
liability. However, there is currently no mandatory mechanism for the funding of Final Mine Closure 

Plan. 

As per the requirements of this Namibian Legislative Framework, all applicable environmental 

licenses were valid as at 31 March 2020. 

The key permits required by RPZC and their status are summarized in Table 20.1. 
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Table 20.1 Environmental and Social Legislative Permitting Requirements 

Legislation Permits Status 

Minerals (Prospecting and Mining) 

Act 33 of 1992 (Minerals Act) as 
amended by Minerals (Prospecting 

and Mining) Amendment Act 8 of 
2008 

Mining License No. 39 (ML 39) issued in terms of 

section 93 of the Minerals (Prospecting and 

Mining) Act 1992. Full Name of License Holder is 
PE Minerals (Namibia) (Proprietary) Limited. 

(Office Reference 14/2/3/2/39 dated 
9 September 1996) 

The license is valid from 

13 November 1995 to date of 

expiry 12 November 2020. The 
application for renewal has been 

submitted by RPZC and is 
currently under consideration. 

Minerals (Prospecting and Mining) 

Act 33 of 1992 (Minerals Act) as 

amended by Minerals (Prospecting 
and Mining) Amendment Act 8 of 

2008 

Exclusive Prospecting License No. 2616 (EPL 

2616) issued in terms of section 70 of the 

Minerals (Prospecting and Mining) Act 1992. Full 
Name of License Holder is PE Minerals (Namibia) 
(Proprietary) Limited. (Office Reference 

14/2/1/4/2/2616 dated 7 March 2018) 

The license is valid from 

1 December 2019 to date of 
expiry 30 November 2021. 

Section 37(2) of the 

Environmental Management Act 
(Act No. 7 of 2007) 

Environmental clearance certificate to undertake 

the operation of Rosh Pinah Zinc Mine on ML 39, 
North of Orange River, Karas Region. 

Issued on 13 August 2019 and 

the certificate will expire on 
13 August 2022. 

Water Act, Act 54 of 1956 

Domestic and industrial wastewater and effluent 

disposal exemption permit issued in terms of 

section 21(5) and 22(2) of the Water Act, 1956 
(Act 54 of 1956). (Permit number 658) 

Issued on 11 November 2014 and 

valid until 30 November 2019. 

Requirement for the renewal of 
this permit is two months prior to 
the expiry date. 

Water Act, Act 54 of 1956 

Dewatering of the mine for the purpose of mining 

and dust suppression from five existing boreholes 

at RPZC 

Issued on 12 October 2017 and 

valid from 25 October 2017 until 

24 October 2022 

Environmental Management Act, 

2007 Section 32 

Environmental clearance certificate to undertake 

the operation RPZC Zinc and Lead storage and 
loading facility at Lüderitz Harbour: Karas Region 

Issued on the 2 August 2017 and 

valid until August 2020. Renewal 
application submitted to MET in 

May, 3 months in advance. 

20.3 Waste and tailings disposal management 

Rosh Pinah produces waste rock, tailings waste, domestic waste, and hazardous waste as part of 

its operations. Domestic and hazardous waste management is guided by the procedure “SPI 021 

Waste Management on Rosh Pinah Base Metals”, which forms part of the certified ISO 14001:2015 

EMS. ASEC (ASEC 2019) identify risks associated with the waste disposal, hydrocarbon waste and 

bioremediation facility. These risks are being managed through an action plan being implemented 

at Rosh Pinah. 

Waste rock produced during underground mining is, where possible, disposed of in underground 

stope voids, or deposited on the surface waste rock stockpile. 

RPZC has included the costs of the rehabilitation of all disturbed sites including the “old oxidation 
ponds”, “old waste disposal site” and the previous informal settlement “Sand Hotel” in the mine 

closure plan, as this was identified as a risk by ASEC and will be managed accordingly by RPZC. 

The TSF at Rosh Pinah is approximately 1.5 km to the south of the processing plant area and 500 m 

south-east of Rosh Pinah village and is managed under the ML 39 which has no specific conditions 
for the TSF. The current TSF has no liner system to prevent seepage into groundwater (ASEC 2008) 

as it was built in 1969 prior to liners being a requirement on tailings facilities. To manage the risk 

of contamination to groundwater, monitoring wells have been drilled around the impoundment to 

monitor possible seepage into the groundwater. Water samples are taken from all monitoring 
boreholes on a quarterly basis and analyzed at an independent laboratory in Windhoek. There is no 

evidence that any contamination has entered the groundwater as a result of the TSF. 



Rosh Pinah Expansion “RP2.0” NI 43-101 Pre-Feasibility Study 
Trevali Mining Corporation 119072 
 

amcconsultants.com 244 
 

Additional exploration activities are being undertaken on the Property and positive results could lead 

to extending the LOM of the operation and the requirement to expand the TSF. 

A PFS for TSF expansion was completed in March 2020 by Knight Piésold, analyzing alternatives to 

determine the best option as discussed in Section 18. 

According to the Environmental Management Act (Act 7 of 2007) and their regulations any changes 

or addition to the mine operations need an amendment to the existing Environmental Clearance 

Certificate. 

20.4 Site monitoring 

A monitoring plan has been established to meet the requirements of the EMP. A key component of 

the monitoring plan is water pollution monitoring; further components are environmental air and 
noise monitoring. Daily inspections and sampling is undertaken by RPZC to monitor and then correct 

(if required) any adverse impacts from the mine. There have been no fines or community complaints 

associated with the management of the mine. 

20.4.1 Water management 

RPZC’s Water Permit number 658 from the Ministry of Agriculture, Water and Forestry is valid until 

January 2025, and it holds a permit for de-watering (October 2017 to October 2022) using five 

existing boreholes. The borehole water is captured and used for mining purposes and dust 

suppression. RPZC is obliged to monitor the boreholes and submit the water quality and amounts 
withdrawn to the regulator. Groundwater samples from the monitoring wells are taken on a 

quarterly basis. In terms of water quality of surface and ground water, there were minor 
exceedances noted in the water quality data for Q2 & Q4 2019. The indicator elements Zn, Pb, Cu, 

As, Cd, and CN are monitored on a quarterly basis. As summarized in Table 20.2, the groundwater 
element qualities and affluent discharge water are reported as meeting the general standards of the 

requirements (Water Act of 1956). 

Table 20.2 RPZC groundwater and surface quality report 

Site Date Element value (mg/L) Element limit (mg/L) 

Rosh Pinah mine 

The plant outflow and tailings returned 
Quarter 2 2019 

Plant outflow - 0.06 

Tailing return - 0.41 
0.05 (Cd) 

Rosh Pinah mine 

Borehole RPZC4 
Quarter 2 2019 Borehole RPZC4 - 1.2 1 of (Cu) 

Rosh Pinah mine  

Borehole WBH12 and tailings return  
Quarter 4 2019 

WBH12 - 0.25  

Tailings return - 0.21 
0.01 (Pb) 

Trevali conducted a physical impacts assessment using climate models for Rosh Pinah. The 

assessment revealed that the design of the RP2.0 Expansion Project should aim for minimal water 

use, such as introducing higher levels of water recycling as the region is prone to drought. 

Trevali has shared the results of the study with RPZC’s water catchment-based stakeholders in 
Namibia, including the Department of Environment and Tourism, community groups and other 

mines and agribusinesses to enable collective, long-term planning for water security, even under 

climate changed conditions. 
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20.4.2 Dust monitoring 

Rosh Pinah is in an arid environment where background levels of dust are typically elevated and 
generally exceed standards http://extwprlegs1.fao.org/docs/pdf/saf128920.pdf and SANS 

1929:2004 – Ambient air quality – Limits for common pollutants / South Africa Air Quality Act. 

Twelve dust buckets have been installed on the Property and in the town of Rosh Pinah to monitor 

deposition of dust. Dust analysis is carried out according to the South African Standard because 
dust fallout is not adequately addressed in the existing Namibian Legislation. Results are 

consistently higher than the allowable limits, which may be a direct result of the single bucket form 

of the monitoring buckets used on site and the elevated background levels of dust. 

Dust samples collected are also analyzed for lead content. The total amount of lead collected in 
each bucket is determined by EPA method 6010C. Additional soil sampling, undertaken voluntarily, 

indicates that historical build-up of dust in the soil contains elevated levels of lead and in some 
locations, arsenic. RPZC’s team has undertaken consultation with the community and aims to 

conduct voluntary health testing, which will include blood lead levels to assess if exposure to the 

dust has resulted in elevated blood lead levels. The financial cost of testing and the follow-up and 

treatment, if required is not expected to be expensive as Trevali will be using existing service 

providers and working with the community using employees over time. 

20.5 Occupational health monitoring 

There are no health and safety risks at Rosh Pinah that are considered to be beyond those that 

would normally be anticipated at a well-run mining operation. Processes are in place to identify and 
assess health and safety risks. The Trevali group Risk, Health and, Safety Management Standards, 

have been designed consistent with the ISO 45001, OSAS 18000, and ISO45000 management 

system principles and the Mining Association of Canada, Towards Sustainable Mining Protocols. 

The Trevali group 10 Fatal Risk Control Standards provide the minimum requirements for common 
hazards that pose a fatal risk in mining situations. In addition, material safety risks are identified 

for security and other events that pose a significant risk to people or property. 

Proactive measuring of leading and lagging indicators, including key controls checks, is conducted 

daily. Trevali’s operational management teams engage the workforce with the data (results from 
inspections, actual or potential incident learnings) and use this to drive continuous improvement. 

The focus on leading indicators (the effectiveness of controls) means that there is a heightened 
awareness of the risk environment at the operation and attention can be focussed on improving and 

closing gaps in knowledge through training where controls are being implemented inconsistently or 

poorly. 

Occupational exposures are identified through personal and area monitoring for noise, dust, silica, 
DPM, and lead. Quantitative and qualitative risk assessments are conducted to assess the frequency 

and longevity of exposures and take action to reduce this through, removing people from the 
exposure in line with safe thresholds and / or implementing the use of personal protective 

equipment. 

The sample collection and data analysis follow world recognized sampling and data interpretation 

methodologies. Gaps in the exposure controls are identified through inspections and audits by RPZC, 

and in future through independent third-party audits. 

Trevali has committed to using international occupational exposure limits as these can be more 
stringent than local regulation. Medical surveillance (e.g. testing random samples of the exposed 

workforce for blood lead levels) forms part of the occupational exposure monitoring program. 

http://extwprlegs1.fao.org/docs/pdf/saf128920.pdf
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Incidents are reported through an incident management system. Any safety injuries or health 

illnesses are case managed with qualified healthcare professionals to support an early and safe 

return to work. 

20.6 Social and community interaction 

RPZC is governed by the Trevali group Community Management System, which includes: 

• The Trevali group Community Management Standard and associated procedures that outline 
the minimum performance requirements for, regular stakeholder engagement, community 

development and impact, respecting human rights and principles surrounding Free, Prior and 

Informed Consent and self-determination. 

• The group Sustainability Reporting Standard and platform, which enables data records for 

incidents and investigations as well notification and management of inspection results. 

• The Trevali group Risk management and Audit Standards and associated governance, 

including reporting to the Trevali Board. 

The town of Rosh Pinah is a mining community, built and managed for the employees working at 
Rosh Pinah and later from the Skorpion Zinc mine. A joint-venture (50:50) company called RoshSkor 

was established to manage and operate all town services and infrastructure as a private municipality 

on behalf of RPZC and Skorpion Zinc. 

RoshSkor is responsible for implementing community development projects, though funding is 
currently jointly funded between RPZC and Skorpion Zinc. There are no funding obligations that 

would impact the progression of the RP2.0 Expansion Project. There are no community agreements 
that require development funds to be provided. All donations are investment is voluntary and at 

arms-length from RPZC. 

RPZC assists with the funding for projects that aim to deliver economic independence for the 

community. Programs include training in basic needlework; hand weaving of carpets; development 
initiatives in Tutengeni (a township outside of the central Rosh Pinah town), which involves the 

upgrade of a school, training of community members for the removal of waste and waste 

segregation; sanitation system maintenance; and other initiatives. 

Should Skorpion Zinc cease operations and / or retract funding in the town for community 
development projects, there may be a risk that the inhabitants of the Rosh Pinah town will require 

greater funding assistance from RPZC. All obligations are voluntary and Memorandums of 

Understanding (MoU) between Skorpion and RPZC allow for gradual transitions, rather than abrupt 

departures from existing obligations for community funding. MoU’s exist to jointly fund and manage 

the healthcare clinic, ambulance service and two schools. 

Strikes / labour unrest do pose a risk to the Rosh Pinah operations. A three-year labour agreement 
expiring on 30 January 2021 is in place and this, together with the development and implementation 

of stakeholder management plans, will assist RPZC to manage this aspect of the operation. 

The Rosh Pinah town is not proclaimed so the Namibian Government has no responsibilities for the 

town nor its inhabitants. There are political pressures to get the town proclaimed and it has been 
agreed that proclamation will occur among the stakeholders, including the Kharas Regional Council. 

If proclamation occurs, then RoshSkor would likely be dissolved and the Namibian Government 
would assume the costs of managing the town. While this may pose some risks to ongoing service 

delivery, this transition would also reduce the level of cost currently incurred by RPZC in funding 
the management of the Rosh Pinah town (e.g. for waste collection, water, and electricity provision). 

RoshSkor, the organization that manages the town, has a Board with five members (two from RPZC, 
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two from Skorpion Zinc, and one from RoshSkor) who meet monthly and are charged with 

responsibility to protect the interests and quality of the town’s services: 

• Water is provided by NamWater and sourced from the Orange River. Groundwater is not used. 

• Power supply is provided by NamPower, who purchase the electricity from Eskom in South 
Africa. While Eskom is facing challenges, RPZC believe that the revenue received from Namibia 

provides sufficient incentive for South Africa to continue making electricity available. 

• Waste management: 

⎯ Household waste is collected by contractors from households and disposed in landfill 
site; the site was on the mine but has moved to a fenced site – the current disposal cells 

are near-capacity so expansion is taking place (an impact assessment has been 

completed and the site is licensed so this is within the permitted area). There is space 

in the designated area to continue operating the landfill should the LOM be extended. 

⎯ Hazardous wastes (e.g. used oils and grease are returned to suppliers; medical waste 

goes to an incinerator in Lüderitz). 

⎯ Skips are provided for large items which eliminates illegal dumping. 

• Facilities include a clinic (“one stop shop” staffed by two doctors, paramedic, with an equipped 
pharmacy / pharmacist; specialists such as orthopaedic surgeon, audiologists, and ear-nose-

throat surgeons attend from time to time); an ambulance is available to transfer patients to 
hospital in Lüderitz, if required. It should be noted this clinic is not a viable business on its 

own and is financially supported by RPZC (N$300,000) and Skorpion Zinc (N$300,000) on a 

monthly basis. 

• Two supermarkets stock food and household goods. 

• Three schools provide quality education (combined / government; high; and private schools). 

20.7 Site closure plan 

The Minerals Act states that the holder of a mineral license must take all steps to the satisfaction of 

the Minister to remedy any damage caused by any mining activities. In the case of larger mining 
operations, the Minister demands guarantees that could be used by the Ministry to remedy damage 

caused by mining activities. This is in the form of closure financial liability. However, there is 

currently no mandatory mechanism for the funding of Final Mine Closure Plan. 

In the absence of Namibian legislation, RPZC has developed a Mine Closure Plan based on the South 
African Legislative Framework for Financial Provisioning, as provided in the Mineral and Petroleum 

Resources Development Act, 2002 (Department of Mineral Resources). 
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21 Capital and operating costs 

21.1 Capital expenditure 

The total capital cost estimate for the PFS is US$231.8M, inclusive of US$57.8M for the processing 

plant upgrade to 1.3 Mtpa capacity. Other significant infrastructure capital costs include: 

• Paste fill plant and reticulation - US$22.2M 

• TSF expansion - US$4.4M 

• Primary exhaust fan - US$1.3M. 

Project capital includes all infrastructure capital costs associated with the RP2.0 Expansion Project 
between 2021 and 2023. Sustaining and other capital costs include all non-infrastructure capital, 

and other capital expenditure post 2023 (excluding mine closure capital). The processing plant 
capital cost estimate includes a contingency of 9.7%, and the TSF expansion and other 

infrastructure project capital cost estimates include a contingency of 15%. 

21.1.1 Capital costs – basis of estimate 

Capital costs have been estimated based on the following: 

• Capital infrastructure other than the processing plant – is based on preliminary design 

assumptions and costing undertaken for other projects during the past five years. Where 

possible, labour rates reflect current Rosh Pinah labour rates, and all estimates have been 

adjusted to maintain alignment. 

⎯ A contingency of 15% has been added to the TSF expansion and infrastructure project 

capital costs (except the processing plant) to cover the fact that detailed engineering 
has not been undertaken for these items, and for minor items not yet allowed for in the 

PFS. 

• Capital lateral and vertical development – is based on mining schedules and first principles 

estimates, informed by current RPZC (and contractor) rates, equipment operating costs, and 

employee cost assumptions. 

The cost estimate produced for the PFS is considered to be an AACE class 4 estimate with a level of 
accuracy within -20% to +25%. Costs are presented in US$ and are based on prices in effect during 

the first quarter of 2020 and are estimated at an average exchange rate of N$16.69:US$1.00 over 

the LOM. No escalation factors have been applied. 

21.1.2 Total capital expenditure estimate 

The total capital expenditure – including project and sustaining and other capital, estimated for the 

RP2.0 Expansion Project over the LOM is summarized in Table 21.1. The estimated capital 

expenditure by year is shown in Table 21.2. 
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Table 21.1 Total capital expenditure 

Item Unit Project Sustaining and other Total1 

Infrastructure US$M 93.0 15.8 108.8 

Exploration US$M 0.0 17.0 17.0 

Lateral development US$M 0.0 29.1 29.1 

Vertical development US$M 0.0 2.9 2.9 

Materials handling US$M 0.0 11.0 11.0 

Mobile equipment US$M 0.0 55.8 55.8 

Subtotal 1 US$M 93.0 131.6 224.6 

Mine closure US$M - - 7.1 

Total 1 US$M 93.0 131.6 231.8 

Note: 1 Differences due to rounding. 

Table 21.2 Capital expenditure estimate by year 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total1 

Infrastructure US$M 0.6 13.3 81.0 6.7 1.2 1.2 1.2 1.2 1.2 1.1 0.0 108.8 

Exploration US$M 0.8 1.7 1.7 1.9 1.9 1.8 1.8 1.8 1.8 1.8 0.0 17.0 

Lateral development US$M 2.1 9.5 9.7 4.7 1.6 1.4 0.0 0.0 0.0 0.1 0.0 29.1 

Vertical development US$M 0.3 1.0 1.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 

Materials handling US$M 0.3 1.5 1.7 2.6 2.4 0.2 0.2 0.5 0.3 1.1 0.2 11.0 

Mobile equipment US$M 0.8 7.9 6.1 14.5 2.1 12.1 4.9 0.8 2.2 4.2 0.0 55.8 

Mine closure US$M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 7.1 

Total 1 US$M 4.9 35.0 101.8 30.5 9.3 16.8 8.2 4.2 5.6 8.2 7.3 231.8 

Note: 1 Differences due to rounding. 

21.1.3 Infrastructure capital 

Infrastructure capital expenditures are expected to total approximately US$109M over the LOM 

(including contingency on the project capital component as described in Section 21.1.12). Project 

capital includes surface and underground infrastructure associated with the production expansion, 
including process plant related upgrades, general infrastructure upgrades, mine closure, and 

reclamation expenditures and project sustaining capital as summarized in Table 21.3. 
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Table 21.3 Infrastructure capital expenditure 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total1 

Sustaining and other capital 

Mining US$M 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 - 9.1 

Processing US$M - - - - - - - - - - - 0.0 

G&A US$M 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 - - 1.4 

Existing TSF US$M - 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 - 0.5 

South-east TSF extension US$M - - 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 - 0.5 

TSF expansion US$M - 4.4 - - - - - - - - - 4.4 

Project capital 

Mine infrastructure – underground 

Electrical US$M - 0.5 0.4 0.1 - - - - - - - 0.9 

Dewatering US$M - 0.1 0.8 - - - - - - - - 0.9 

Ventilation US$M - 0.4 1.6 - - - - - - - - 2.0 

Escapeway installation US$M - - 0.1 - - - - - - - - 0.1 

Refuge chamber US$M - - 0.1 - - - - - - - - 0.1 

Tele-remote station US$M - - 0.3 - - - - - - - - 0.3 

Mine infrastructure – surface 

Boxcut / Portal (WF3) US$M - 0.6 - - - - - - - - - 0.6 

Paste fill plant US$M - - 18.7 - - - - - - - - 18.7 

Paste fill reticulation US$M - - 3.5 - - - - - - - - 3.5 

Batching plant (Shotcrete) US$M - - 0.8 - - - - - - - - 0.8 

General infrastructure US$M - - 2.2 - - - - - - - - 2.2 

Processing 

Processing plant upgrade US$M - 5.3 47.1 5.4 - - - - - - - 57.8 

Contingency 

Contingency @ 15% US$M - 0.9 4.3 - - - - - - - - 5.2 

Total 1 US$M 0.6 13.3 81.0 6.7 1.2 1.2 1.2 1.2 1.2 1.1 - 108.8 

Note: 1 Differences due to rounding. 

Surface and underground infrastructure costs are based upon supplier quotations and unit rates 
from recent comparable projects. The underground mine infrastructure capital cost estimate is 

US$4M (excluding contingency). The underground infrastructure costs largely consist of electrical 
reticulation, ventilation and dewatering system costs. The surface mine infrastructure capital cost 

estimate is US$26M (excluding contingency). 

21.1.4 Processing plant 

The scope of the estimate covers the total capital cost associated with the proposed RP2.0 Expansion 
Project Plant Upgrade, related infrastructure and indirect costs as described in in the relevant 

sections of the Technical Report. 
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The processing plant and infrastructure capital cost estimate has been developed from first 

principles on the following basis: 

• Budget pricing has been sought for all major mechanical and electrical equipment, either 

specifically for this Project or via pricing obtained for other projects being run in parallel at 

DRA. For smaller items data base values have been applied. 

• For structural steel and plate work, material take-offs have been determined from first 
principles or obtained from data base / reference projects. To these quantities unit rates 

currently being realized at similar projects in Namibia and South Africa by companies 
associated with DRA have been applied. Conveyors have been costed from first principles 

using DRA’s in-house software. 

• Concrete and electrical quantities and rates have been determined in a similar manner to that 

of the fabricated steel items. 

• Piping and some electrical items have been factored from base costs. 

• Installation costs have been determined from first principles based on the material take-offs. 
To these quantities unit rates currently being realized at similar projects in Namibia and South 

Africa by companies associated with DRA have been applied. 

• Freight has been either calculated from first principles (weight / volume estimate x freight 

rate assumption) or by sourcing budget pricing proposals from equipment vendors. 

• Indirect costs have been calculated from first principles, multiplying man-hour or machine 

hour estimates by rates prevalent in Namibia and South Africa for some aspects of the 

engineering, procurement, and construction management (EPCM) in Q4 2019. 

• Contingency has been calculated for each line item of the capital estimate depending upon the 

source and basis of each. 

The equipment selected for initial capital application will be new and of robust design and 
manufacture. Based on the nature of the ore and the quality of the water, routine maintenance will 

be sufficient to keep the plant and equipment in a fully functional state and a serviceable and 

operable condition for the LOM. 
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Table 21.4 Summary of process upgrade infrastructure capital costs 

Description Unit 
Equipment / 

material 

Labour / 

services 
Transport P&G's 1 Total 2 

Crushing and stockpiling US$M 3.1 0.3 0.2 1.5 5.2 

Milling US$M 8.9 1.2 0.5 2.1 12.7 

Pebble crushing US$M 0.5 0.1 0.1 0.2 0.9 

Flotation US$M 4.7 0.4 0.1 0.9 6.1 

Tailings handling US$M 0.2 0.0 0.0 0.1 0.2 

Sampling US$M 0.1 0.0 0.0 0.0 0.2 

Product filtration US$M 0.8 0.1 0.0 0.2 1.2 

Air services US$M 0.2 0.0 0.0 0.0 0.2 

Reagents US$M 0.1 0.0 0.0 0.0 0.1 

Electrical, control, and instrumentation US$M 5.7 1.1 0.1 1.1 7.9 

Tailings overland piping US$M 2.7 0.0 0.0 0.0 2.7 

Site wide services US$M 0.3 0.1 0.0 0.0 0.5 

Buildings US$M 0.1 0.0 0.0 0.0 0.1 

Infrastructure relocation US$M 0.1 0.0 0.0 0.0 0.1 

Construction temporary facilities US$M 0.0 1.5 0.0 0.0 1.5 

Consultants US$M 0.0 0.3 0.0 0.0 0.3 

Engineering, procurement, and 

construction management 
US$M 

0.0 8.8 0.0 0.0 8.8 

Design development allowance US$M 0.0 5.1 0.0 0.0 5.1 

Commissioning US$M 0.1 0.2 0.0 0.0 0.2 

Spares US$M 3.1 0.0 0.1 0.0 3.2 

Plant wide PLC and SCADA upgrade US$M 0.4 0.0 0.0 0.0 0.4 

Total 2 US$M 31.2 19.2 1.2 6.2 57.8 

Notes: 
1 Preliminary and general. 
2 Differences due to rounding. 

Parametric estimation of task related (scope based) contingency for the initial phase process plant 
has been determined as an additional 9.7% of Total Base Cost and is included above as a design 

development allowance. 

The capital cost estimate for initial mine establishment does not include any allowance for sustaining 
and deferred capital that may be required to replace equipment that becomes obsolete or reaches 

the end of its useful life during the operating cycle, minor capital improvement projects, research 

and development activities, or planned upgrades, refer to Section 21.2.5. 

21.1.5 Process plant and infrastructure sustaining capital 

No allowance has been made for replacement of insurance and capital spares. 

21.1.6 Exploration 

Exploration capital is expected to cost approximately US$17M over the LOM and the exploration 

schedule operates until the penultimate year of operation. The capital cost includes labour, power, 

operating, and maintenance consumables costs. 
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21.1.7 Lateral development 

Capital lateral development is expected to cost approximately US$29M over the LOM. This cost 
excludes material handling costs, which have been allocated independently to capital expenditure 

at a cost of approximately US$11M. 

21.1.8 Vertical development 

Capital vertical development is expected to cost around US$3M. This is inclusive of raiseboring and 

longhole raising for both the airway extensions and emergency egress development. 

21.1.9 Mobile equipment 

The underground mine is assumed to use owner operator equipment for all development and 

production throughout the LOM. The equipment costs are built up from current RPZC operating costs 
and productivities. New equipment has been priced using supplier quotations and AMC benchmarked 

productivity estimates. Underground mobile equipment capital is estimated to be US$56M over the 

LOM. 

The LOM equipment estimates have been built up from the mining schedule and first principles and 

include the following (based on maximum requirements): 

• Longhole production drill (2) – Epiroc Simba M4C (N$17M) 

• Jumbos – double-boom (3) – Epiroc Boomer 282 (N$11M) 

• 12.5-tonne LHDs (3) – Caterpillar R1700G (N$20M) 

• 20-tonne LHDs (2) – Caterpillar R3000H (N$29M) 

• Articulated trucks – 30-tonne (12) – Caterpillar AD30 (N$14M) 

• Articulated trucks – 60-tonne (7) – Caterpillar AD60 (N$28M) 

• Ancillary development and production drills (4) 

• Ancillary equipment (16) 

The mobile equipment fleet estimates for each year are summarized below in Figure 21.1. 

Figure 21.1 LOM mobile equipment fleet 

 
Source: AMC 2020. 
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21.1.10 Exclusions from the underground cost estimate 

The following costs have not been specifically included in the LOM capital cost estimate: 

• Expansion of services infrastructure (e.g. power transmission lines). 

• Additional explosives magazine facilities. 

• Additional stores / warehousing facilities. 

AMC understands that existing facilities can be used in terms of the power transmission line, 

explosives magazine and stores / warehouse. 

21.1.11 Indirect capital costs 

Indirect costs are those relating to EPCM, the costs associated with servicing and maintaining the 

mine during the upgrade and expansion of mine infrastructure. Excluding the processing plant 

upgrade, no owners’ costs or EPCM have been considered in the cost estimate. 

21.1.12 Capital expenditure contingency 

Contingency of 15% has been applied to the TSF expansion and infrastructure project capital 

expenditures (see Section 21.1.3), excluding the processing plant upgrade estimate prepared by 

DRA which is inclusive of contingency. The total amount is shown below in Table 21.15. 

Table 21.5 Project capital contingency 

Contingency @ 15% US$M 

Infrastructure project capital 4.5 

TSF expansion 0.7 

Total 5.2 

21.1.13 Exclusions 

The following have specifically not been included for in the capital cost estimate: 

• Cost of schedule delays. 

• Sunk costs. 

• Additional studies prior to project implementation. 

• All royalties, commissions, lease payments, rentals and other payments to landowners, title 

holders, mineral rights holders, surface right holders, and / or any other third parties not 

mentioned in this documentation. 

• Government taxes and duties. 

• Forward cover for any foreign content. 

• Escalation beyond 1st Quarter 2020. 

• Interest on capital loans. 

• Any costs to be expended following completion of the feasibility study and prior to Board 

approval for project implementation. 

• Mineral rights and the purchase or use of land. 

• Working capital. 

• The costs of any trade off studies. 

• Project insurances. 

• Design criteria or scope changes. 

• Any provision for force majeure events. 
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• Salvage value of construction buildings, camps, or equipment. 

• Owner’s contingency. 

21.1.14 Assumptions 

The following assumptions have been carried forward in the preparation of this estimate: 

• The project would proceed on an EPCM basis. 

• The project would generally be implemented as per the execution program. 

• New equipment shall be as per the existing installed equipment where possible. 

All material and equipment will be new and purchased from recognized top-tier vendors. 

21.2 Operating costs 

The LOM site operating cost estimates for the PFS are presented in Table 21.6 and include all mining, 

processing, and general and administration (G&A) costs, which would be incurred at the mine site. 

Table 21.6 Site operating cost estimate 

Item Total LOM cost (US$M) Average LOM unit cost (US$/tonne ore) 

Mining operating costs 287.3 25.6 

Processing operating costs 102.8 9.2 

G&A 69.0 6.1 

Site operating cost 1 459.1 40.9 

Note: 1 Differences due to rounding. 

21.2.1 Underground mine operating costs – basis of estimate 

Underground operating cost estimates have been built up using a combination of Rosh Pinah unit 

costs, first principles estimates and AMC benchmark estimates, including the following: 

• Current RPZC (2018 to end-of-March 2020) operating costs and productivities, supplemented 

with AMC benchmarked mining equipment operating costs and productivities for new fleet 

requirements. 

• Supplier quotations for the mining equipment fleet. 

• Equipment rebuild and replacement schedule aligned with the current fleet maintenance 

strategy. 

• The mining schedule – output from Studio 5D Planner and EPS schedules. 

• Employee costs based on operating and maintenance labour assumptions and current RPZC 

employee costs. 

⎯ In consultation with Rosh Pinah it is assumed that G&A, supervising and fixed plant full 
time equivalent employees would remain constant between the current state and 

expansion production rates. The assumption considers sustained workforce training and 
development, and recent innovation and productivity improvements implemented by 

RPZC. 

• Power costs for pumping and ventilation are based on calculated power consumption (by year) 

and a power cost of N$1.37 per kWh. 

• Diesel cost of $N13.3/L. 

• No operating cost contingency has been applied. 

• Average N$/ZAR to US$ exchange rate of $N16.69:US$1.00. 
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• Consumable and infrastructure costs are based on current RPZC costs or recently completed 

comparable projects. 

• Any surface ore transport cost is included within materials handling costs. 

• An ore processing unit cost of US$11.39 per tonne of ore mined has been applied during the 
ramp up phase based on current actuals, and a unit cost of US$8.58 for the 1.3 Mtpa rate has 

been built up using operating cost estimates developed by DRA. 

• The G&A cost has been developed from the 2020 (end of June 2020) cost performance of Rosh 

Pinah. 

• In 2019, Trevali launched the T90 business improvement program which targets US$50M of 

annual sustainable efficiencies by the beginning of 2021. Total site operating costs are on 

track to be 18% lower year on year at end 2020. 

21.2.2 Total site operating costs 

Annual total operating costs, by major area for Rosh Pinah are shown in Table 21.7. 

Table 21.7 Rosh Pinah total operating costs 

Department Unit 2020 1 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2 Total 3 

Mining US$M 8.7 21.7 26.3 30.9 35.9 35.4 30.5 30.0 30.4 31.1 6.4 287.3 

Processing US$M 3.9 8.1 7.8 11.2 11.3 11.8 11.4 11.6 11.4 11.4 2.8 102.8 

G&A US$M 2.8 5.7 5.7 7.6 7.6 7.6 7.6 7.6 7.6 7.6 1.9 69.0 

Total 2 US$M 15.5 35.5 39.8 49.7 54.7 54.8 49.5 49.1 49.4 50.0 11.1 459.1 

Notes: 
1 Excludes Q1 and Q2 2020. 
2 Includes Q1 2030. 
3 Differences due to rounding. 

Annual unit operating costs, by major area for Rosh Pinah are shown in Table 21.8. 

Table 21.8 Rosh Pinah unit operating costs 

Department Unit 2020 1 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2 Average 

Mining US$/t ore 25.0 30.7 38.4 24.2 27.8 26.1 23.3 22.7 23.2 23.9 20.0 25.6 

Processing US$/t ore 11.3 11.4 11.4 8.8 8.7 8.7 8.7 8.7 8.7 8.7 8.7 9.2 

G&A US$/t ore 8.1 8.0 8.3 5.9 5.8 5.6 5.8 5.7 5.8 5.8 5.9 6.1 

Total 3 US$/t ore 44.4 50.1 58.1 38.9 42.4 40.4 37.8 37.1 37.7 38.4 34.6 40.9 

Note: 
1 Excludes Q1 and Q2 2020. 
2 Includes Q1 2030. 
3 Differences due to rounding. 

21.2.2.1 Mining 

Underground mining annual operating cost estimates are detailed in Table 21.9. 
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Table 21.9 Annual mining operating costs 

Mining operating costs Unit 2020 1 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Supervision and control US$M 2.5 5.2 5.3 5.6 5.6 5.6 5.4 5.5 5.4 5.4 1.3 52.9 

Lateral development US$M 0.4 2.0 3.7 4.9 8.7 6.7 2.5 3.1 2.2 3.4 0.4 38.1 

Vertical development US$M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Production US$M 1.3 3.1 2.3 4.2 4.5 5.1 4.1 3.7 3.9 4.3 0.8 37.2 

Material handling US$M 1.8 4.0 4.0 3.8 3.9 5.3 4.5 4.5 4.3 3.7 0.8 40.6 

Backfill US$M 0.0 1.0 4.6 4.9 5.5 5.2 6.8 6.0 7.4 7.2 1.4 50.1 

Mine services US$M 2.7 6.4 6.5 7.4 7.6 7.5 7.2 7.2 7.2 7.0 1.7 68.5 

Total 2 US$M 8.7 21.7 26.3 30.9 35.9 35.4 30.5 30.0 30.4 31.1 6.4 287.3 

Notes: 
1 Excludes Q1 and Q2 2020. 
2 Differences due to rounding. 

21.2.3 Underground mobile equipment assumptions and costs 

Underground mobile equipment requirements are based on the productivities indicated in Table 

21.10. Productivity assumptions have been built up using current equipment productivities at RPZC, 

first principles, and AMC benchmarks. 

Table 21.10 Underground mobile equipment productivity assumptions 

Equipment Productivity Availability % Utilization % 

Jumbo - double boom 61.4 Drill m/hr 84 52 

Scaler 1.3 Dev m/hr 81 61 

Rock bolter 42.9 Bolts/hr 81 61 

Production drill  39.7 Drill m/hr 84 41 

LHD (20 tonne) 66.8 t-km/hr 82 63 

LHD (12.5 tonne) 15.5 t-km/hr 82 63 

Articulated truck (60 tonne) 144.4 t-km/hr 85 69 

Articulated truck (30 tonne) 51.9 t-km/hr 85 69 

Note: Utilization is utilization of available time. 

Underground mobile equipment operating costs have been built up using current RPZC costs and 
first principles estimates, including operating consumables and maintenance, and energy costs 

indicated in Table 21.11. 

Table 21.11 Underground mobile equipment costs 

Equipment Unit N$/hr 

Jumbo - double boom Drill m/hr 115.1 

Scaler $/engine hr 517.8 

Rock bolter Drill m/hr 661.6 

Production drill Drill m/hr 247.2 

LHD (20 tonne) $/engine hr 1916.3 

LHD (12.5 tonne) $/engine hr 1532.5 

Articulated truck (60 tonne) $/engine hr 1152.3 

Articulated truck (30 tonne) $/engine hr 824.0 
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21.2.4 Employee costs / labour costs 

Employee costs have been based on annual wage grades as indicated in Table 21.12. These wages 

have been sourced from RPZC. These wages are exclusive of any labour benefits. 

Table 21.12 Rosh Pinah employee / labour costs 

Grade N$/per annum 

Apprentice 170,800 

BU 4 475,975 

BU 41 575,010 

BU 5 363,820 

BU 6 268,820 

BU 7 233,596 

BU 8 187,236 

NCOE C3 502,533 

NCOE C4 676,351 

NCOE C5 682,382 

NCOE D1 738,246 

NCOE D2 1,090,477 

NCOE D3 1,708,000 

NCOE D4 1,878,800 

NCOE E1 2,220,400 

NCOE E2 2,562,000 

21.2.5 Processing operating cost estimate 

DRA developed an operating cost estimate for the processing plant using the actual mine 
concentrator operating costs as the basis. Cost estimates for the plant expansion were developed 

using the current supply rates for labour, reagents, maintenance and utility costs. The operating 
cost estimate includes all labour, materials, and consumables deemed to be required for the 

expanded operation. 

The estimates presented considers all direct process costs that will be incurred in the life cycle of 

the operation and comprises of both fixed and variable costs. Fixed Costs are defined as the costs 
that will be incurred irrespective of production rates. These costs would typically include, labour 

costs, environmental costs, and the fixed portion of the plant maintenance costs. Variable costs are 
defined as costs that vary depending on the level of production. These costs are based on unit 

consumption rates and are the costs that are incrementally incurred as production rates vary. The 
costs would typically include reagent consumption, power, water, and variable consumable costs 

(e.g. mill and crusher liners). 

The following section provides a description of the operating costs for the Rosh Pinah Concentrator. 

The following are items excluded from this estimate: 

• All VAT, import duties, and / or any other statutory taxation, levies, and / or national and local 

institutions except for levies applicable to the power supply unit cost, which have been 

included. 

• Contributions to social programs. 

• Project financing and interest charges. 

• All owner’s budget costs (inclusive of head office, administration charges, payroll, etc.). 
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• Contributions to rehabilitation funds, environmental monitoring and conformance to 

environmental requirements. 

• Concentrate marketing, off take agreement and concentrate transport costs. 

• All costs beyond the battery limits of the concentrator plant fence (i.e. underground primary 
crushing, backfill and costs associated with concentrate transport are excluded from costs 

presented). 

21.2.5.1 Labour costs 

For the upgrade, no additional labour is needed for the plant expansion. Based on discussions with 
the RPZC team, and inclusion of control systems in areas, it is currently believed that sufficient 

personnel coverage currently exists to support the operation. 

Labour costs were based on the current plant annual labour cost of approximately N$39M which is 

the equivalent of US$2.3M at the exchange rate as used for the PFS. 

21.2.5.2 Power costs 

The electrical load power draw of the concentrator plant is estimated to increase by approximately 

3.4 MW. 

The increased mill power draw is based on processing a feed blend containing 30%, more 

competent, microquartzite ore at a higher throughput while targeting a finer grind of 80% passing 
90 µm. Power estimates are based on the average ore hardness data derived from test work. The 

additional power consumption for the remaining processing equipment (excluding the mill power) 

was calculated based on the average continuous power demand for each duty drive. The mechanical 
equipment list was used to identify all duty drives from equipment sizing calculations to which the 

utilization and mechanical efficiency factors were applied. 

Based on these estimates, for the RP2.0 upgrade, the average continuous power demand for the 

concentrator is expected to be 6.0 MW during steady state operation, which reflects an increase of 

approximately 3.4 MW relative to current operations. 

Estimates for the mine, office buildings and change houses have not been included in the 
concentrator power cost estimate and is reported under G&A estimates. The operating cost estimate 

has been based on a power supply cost of N$1.37/kWh, which is the forecast supply cost based on 

April 2020 NamPower costs, as provided by RPZC. 

21.2.5.3 Consumables 

The consumables costs reflect the cost of steel grinding media, ceramic grinding media and reagents 

as outlined below. 

Grinding media 

Estimates for grinding media and liner costs were derived for the new single SAG milling circuit, 
using test work abrasion data. A grinding media consumption rate of 30 g/kWh was used to estimate 

the ceramic grinding media consumption in the concentrate regrind circuits. Estimates are 

summarized in Table 21.13. 

Table 21.13 Grinding media and liner costs 

Description Consumption / wear rate Unit cost Cost basis 

Steel grinding media 348 g/t US$780 per tonne RPZC supply cost in US$ 

Ceramic grinding media 30 g/kWh US$1,520 per tonne Database 
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The steel grinding media consumption rate was estimated based on a nominal SAG mill steel load 

of 4 to 5% by volume and an Ai of 0.60. This is based on the average test data results for a blended 

feed containing 30% microquartzite. 

Reagent costs 

Reagent costs were calculated using the baseline unit cost (N$/t) which was applied to the higher 

throughput tonnage for the upgrade. The estimate was based on 16% of the reagent supply costs 

being incurred in N$ with the remaining portion reflecting a US$ cost basis. 

Maintenance costs 

The maintenance costs reflect the cost of crusher circuit liners, mill circuit liners, and plant 

maintenance as outlined below. 

Crusher and mill circuit liners 

The new surface crusher station will supplement the existing capacity of the underground primary 
crusher station. The revised mine schedule indicates that 70% of the mined ore will be trucked to 

surface and crushed in the new surface crusher station. The remaining 30% of plant feed will be 

crushed using the existing underground crusher circuit. 

In order to cater for increased maintenance costs associated with the operation of two crusher 

stations, it was assumed that the current crusher circuit maintenance costs would increase by 15%. 

This is based on the expectation that the underground crusher station will operate 30% of the time 

and the surface crusher would operate the remaining 70% of the time. 

The SAG mill liner cost was based on a liner supply rate of US$0.5M and a wear life of 6,200 hours. 

All liner, consumable and maintenance costs for the existing secondary crushing, tertiary crushing 

and ball mill circuit are disregarded, as these circuits will be decommissioned. 

The estimate was based on 15% of liner costs being incurred in N$ with the remaining portion 

reflecting a US$ cost basis. 

Plant maintenance 

Plant maintenance costs (excluding mill and crusher liners) were calculated using historical 
maintenance costs as provided by RPZC with the addition of maintenance costs for the new flotation 

equipment, filter and pumps. The maintenance cost for the additional equipment was based on the 
recommended annual operating spares estimates from chosen equipment vendors. These additional 

maintenance costs are summarized in Table 21.14. 

Table 21.14 Summary of additional maintenance costs 

Description Annual cost (US$) Cost basis 

New flotation equipment 22,582 Vendor Quote 

New zinc filter 49,341 Vendor Quote 

New pumps 59,643 DRA Database Estimate 

The estimate was based on approximately 50% of plant maintenance costs being incurred in N$ 

with the remaining portion reflecting a US$ cost basis. 
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Water costs 

Raw water consumption rates were estimated using the overall site water balance developed for the 
study. The model indicates an average raw water consumption of 0.90 m3 per tonne milled. A water 

supply cost of N$8.6/m3 has been used based on forecast prices provided by RPZC. 

It is noted that there is the potential to further reduce raw water consumption to 0.20 – 0.30 m3 

per tonne milled with the inclusion of backfill. This will potentially require the inclusion of water 

treatment and will be evaluated during the feasibility study. 

Outside services 

The cost for outside services was based on the current plant baseline cost of N$11M which is the 

equivalent of US$0.66M at the exchange rate as used for the PFS. RPZC indicated that TSF 

management costs are included in these costs. 

General expenses 

The cost for general expenses was based on the annual cost baseline of N$2.7M (US$0.16M) with 

an additional allowance of US$0.07M to cater for the annual licensing fees and site support 

associated with the new advanced milling and flotation control systems. 

Concentrate transport costs 

Concentrate transport costs for final lead and zinc concentrates are excluded from the concentrator 

operating cost estimate. 

21.2.6 Concentrator operating cost summary 

Table 21.15 provides a summary of the at a unit cost for the RP2.0 Expansion Project at a throughput 
rate of 1.3 Mtpa relative to the current baseline operating cost as supplied by RPZC for a throughput 

rate of 0.7 Mtpa. 

Table 21.15 Summary of concentrator operating costs 

Description Unit 2020 Baseline 0.7 Mtpa 2 RP2.0 Expansion Project 1.3 Mtpa 2 

Labour US$/t processed 3.3 1.8 

Power US$/t processed 2.5 3.0 

Consumables US$/t processed 2.2 1.6 

Maintenance US$/t processed 1.7 1.1 

Water US$/t processed 0.5 0.5 

General expenses US$/t processed 0.2 0.2 

Outside services US$/t processed 0.9 0.5 

Total 1 US$/t processed 11.4 8.7 

Notes: 
1 Differences due to rounding. 
2 Calculated using an exchange rate of N$17.00 : US$1.00. 

The unit cost processing cost for the upgrade decreases as a result of treating increased tonnages. 

The consumables costs include the costs associated with steel grinding media, ceramic grinding 
media and reagents. The overall decrease in this cost is due to reduced grinding media consumpiton 

of 348 g/t for the SAG mill circuit (the current ball mill has a media consumtpion of 850 g/t). 
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The maintenance cost for RP2.0 includes crusher liners, mill liners and an estimated plant 

maintenance cost allowance based on historical maintenance data from the site team. The unit cost 
decrease relative to the baseline is due to an increase in throughput in combination with the change 

to a SSAG circuit. 

21.2.7 Comments on the concentrator operating cost estimate 

The concentrator operating cost presented is considered adequate for the PFS. 

• The potential impact of changes in reagent supply costs should be evaluated during the 

feasibility study. 

• Plant control and instrumentation labour requirements should be reviewed during the 

feasibility study. This is however not expected to have a material impact on the overall labour 

cost. 

• The maintenance cost estimate should be confirmed during the feasibility study phase. 
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22 Economic analysis 

22.1 Assumptions 

The cost estimates and projected revenues for the RP2.0 Expansion Project were prepared with a 

base date of Year 1 (commencing Q3 2020) and use constant Year 1 dollars (no inflation). For NPV 
estimation, all costs and revenues are discounted at 8% from the base date. Variable zinc, lead, 

and silver prices and exchange rates (N$:US$) have been provided by Trevali (Section 19.1) and 
reference current market and recent historical prices, values used in other recent projects, and 

forecasts in the public domain. Changes to the exchange rate affect all N$ (and ZAR) based costs 

only. 

Revenues from zinc concentrate production have been based on: 

• Average metallurgical recovery over the LOM of 88% for zinc (based on various metallurgical 

studies of the Rosh Pinah ore with concentrator upgrades, supported by actual recovery data 

from current mining and processing productivities). 

• Average zinc price of US$2,452/tonne in line with the assumptions for the Mineral Reserve 

estimates. 

• Zinc concentrate royalty of 6%. 

Revenues from lead concentrate production have been based on: 

• Average metallurgical recovery over LOM of 66% for lead and 44% for silver (based on various 
metallurgical studies of the Rosh Pinah ore with concentrator upgrades, supported by actual 

recovery data from current mining and processing productivities). 

• Average lead price of US$2,048/tonne and a silver price of US$19.81/oz in line with the 

assumptions for the Mineral Reserve estimates. 

• Lead concentrate royalty of 6%. 

22.1.1 Economic analysis 

AMC has conducted a pre-tax and post-tax (including depreciation) economic assessment of Rosh 

Pinah. Over an 11-year operating life, the mine is projected to generate approximately US$234M 
pre-tax NPV at an 8% discount rate. Post-tax, the mine is projected to generate approximately 

US$142M NPV at an 8% discount rate, with an IRR of 65%. AMC notes that significant portions of 

the cash flow are due to the existing operations without significant capital investment contemplated. 

Key assumptions and results of the underground mine economic assessment are provided in Table 
22.1. The LOM production schedule, average metal grades, recovered metal, and cash flow forecast 

are shown in Table 22.2. 

An average site operating cost of US$40.9 per tonne of ore processed over the LOM was calculated 
by taking the total site operating costs and dividing this value by the total tonnes of ore processed 

over LOM. 
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Table 22.1 Key Rosh Pinah economic assumptions and results 

Project metrics Unit Value 

Total ore production kt 11,232 

Total waste production kt 1,921 

Zinc grade (average) % 6.26 

Lead grade (average) % 1.33 

Silver grade (average) g/t 19.0 

Overall zinc recovery1 % 88.0 

Overall lead recovery1 % 65.8 

Overall silver recovery1 % 43.5 

Average zinc price US$/t 2,452 

Average lead price US$/t 2,048 

Average silver price US$/oz 19.8 

Payable zinc metal t 520,892 

Payable lead metal t 92,606 

Payable silver metal koz 2,685,176 

Gross revenue US$M 1,520 

Royalty % 6 

Capital costs – project US$M 93 

Capital costs – sustaining and other US$M 132 

Capital cost – mine closure US$M 7 

Mining operating costs2 US$M 287 

Site operating costs3 US$M 459 

Site operating costs3 US$/t ore 41 

Undiscounted cashflow (pre-tax) US$M 384 

Undiscounted cashflow (post-tax) US$M 238 

Discount rate % 8 

Tax rate % 37.5 

Pre-tax NPV (8%) US$M 234 

Post-tax NPV (8%) US$M 142 

Pre-tax IRR % N/A 

Post-tax IRR % 65 

Notes: Totals do not necessarily equal the sum of the components due to rounding adjustments. 
1 LOM average. 
2 Underground mine operating costs only. 
3 Includes mine, processing, and G&A operating costs. 
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Table 22.2 Rosh Pinah LOM production and cash flow forecast 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 1 

Ore mined kt 348 709 685 1,279 1,292 1,355 1,310 1,323 1,309 1,303 320 11,232 

Development - lateral m 1,372 6,958 7,976 5,492 6,025 4,507 805 1,120 546 1,444 18 36,264 

Development - 

vertical 
m 147 500 650 333 27 - - - - - - 1,658 

Waste mined kt 78 478 528 263 237 179 36 45 25 49 1 1,921 

Zinc grade % 6.68 6.75 6.85 5.94 6.57 7.19 7.21 6.59 5.70 4.59 4.08 6.26 

Lead grade % 1.19 1.83 2.06 1.83 1.90 0.95 0.98 1.20 1.11 0.95 0.64 1.33 

Silver grade g/t 22.5 27.2 25.5 19.4 20.4 16.3 14.3 18.8 19.5 18.2 11.9 19.0 

Zinc recovery % 85% 85% 85% 87% 89% 90% 90% 89% 88% 86% 84% 88% 

Lead recovery % 61% 70% 73% 71% 70% 57% 58% 62% 61% 57% 49% 66% 

Silver recovery % 41% 48% 50% 48% 48% 38% 39% 42% 41% 39% 33% 44% 

Payable Zinc metal t 16,609 34,337 33,686 55,745 63,503 73,571 71,347 65,178 54,828 42,842 9,246 520,892 

Payable Lead metal t 2,410 8,628 9,732 15,711 16,977 6,962 6,948 9,373 8,255 6,677 934 92,606 

Payable Silver metal koz 96 270 245 337 359 248 210 306 308 270 36 2,685 

Gross revenue US$M 40 98 107 177 200 203 196 188 160 126 26 1,520 

Treatment and refining US$M 13 24 23 27 34 37 36 34 29 23 5 284 

Transport US$M 3 6 6 11 12 12 12 11 10 8 2 93 

Royalties US$M 1 4 5 8 9 9 9 9 7 6 1 69 

NSR US$M 23 64 73 132 145 144 139 134 114 90 18 1,075 

Operating costs 

Underground mining US$M 9 22 26 31 36 35 31 30 30 31 6 287 

Processing and G&A US$M 7 14 14 19 19 19 19 19 19 19 5 172 

Total operating cost US$M 15 36 40 50 55 55 50 49 49 50 11 459 

Capital costs 

Project capital US$M - 8 80 5 - - - - - - - 93 

Sustaining capital US$M 5 27 22 25 9 17 8 4 6 8 - 132 

Mine closure capital US$M - - - - - - - - - - 7 7 

Total capital cost US$M 5 35 102 31 9 17 8 4 6 8 7 232 

Net cashflow before tax US$M 2 -6 -69 51 81 72 81 81 59 32 - 384 

Net cashflow after tax US$M 2 -7 -69 46 63 45 52 52 37 19 -3 238 

Pre-tax NPV (8%) US$M 2 1 -33 -22 36 83 133 179 210 225 225 234 

Post-tax NPV (8%) US$M 2 1 -34 -27 18 48 79 109 128 138 136 142 

Note: 1 Differences due to rounding. 

Capital and operating costs, revenues, and cumulative pre-tax cash flow by year are shown in Figure 

22.1. 
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Figure 22.1 Capital and operating costs, revenues, & cumulative pre-tax cash flow by year 

 
Source: AMC 2020. 

22.2 Taxes and royalties 

RPZC is subject to the payment of royalties and tax, and the payable rates have been provided by 

Trevali. A royalty of 6% is payable on the contained metal in concentrate, this applies to both the 
zinc and the lead and silver concentrates. Tax is payable at a rate of 37.5% on net cash flows. The 

estimated royalties and tax payments are shown in Table 22.3. 

Table 22.3 Royalty and tax payment estimates 

Item Unit 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 Total 

Royalties @ 6% US$M 1 4 5 8 9 9 9 9 7 6 1 69 

Tax payable @ 37.5% US$M - 1 - 5 18 27 30 28 22 13 2 146 

Total 1 US$M 1 5 5 14 27 36 39 37 29 18 3 215 

Note: 1 Differences due to rounding. 
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22.3 Economic sensitivity analysis 

AMC has carried out a sensitivity analysis of the projection for the RP2.0 Expansion Project 
economics. Table 22.4 and Figure 22.2 show the pre-tax NPV sensitivities from the base case of 

US$234M. The sensitivity parameters are as follows: 

• Zinc price 

• Lead price 

• Silver price 

• N$:US$ exchange rate 

• Mined zinc grade 

• Mined lead grade 

• Mined silver grade 

• Project capital costs 

• Sustaining and other capital costs 

• Operating costs. 

• Metallurgical recovery 

Table 22.4 Economic sensitivity analysis – pre-tax NPV at 8% discount rate 

Unit Value Unit Pre-tax NPV (US$M) 

Base case NPV (pre-tax) @ 8% - - 233.7 

NPV (pre-tax) @ 10% - - 207.5 

Zn Price - decrease of 30% 1,716 US$/t -13.8 

Zn Price - increase of 30% 3,187 US$/t 481.2 

Pb Price - decrease of 30% 1,434 US$/t 194.9 

Pb Price - increase of 30% 2,663 US$/t 272.4 

Ag Price - decrease of 30% 13.9 US$/oz 223.1 

Ag Price - increase of 30% 25.8 US$/oz 244.3 

N$:US$ - decrease of 30% 11.7 - 25.8 

N$:US$ - increase of 30% 21.7 - 345.6 

Zn Grade - decrease of 30% 4.4 % 34.7 

Zn Grade - increase of 30% 8.2 % 442.1 

Pb Grade - decrease of 30% 0.9 % 189.3 

Pb Grade - increase of 30% 1.7 % 279.1 

Ag Grade - decrease of 30% 13.4 g/t 222.5 

Ag Grade - increase of 30% 24.8 g/t 244.9 

Total project capital cost - decrease of 30% 65 US$M 258.1 

Total project capital cost - increase of 30% 121 US$M 209.2 

Total sustaining and other capital cost - decrease of 30% 92 US$M 264.8 

Total sustaining and other capital cost - increase of 30% 171 US$M 202.6 

Total site operating cost - decrease of 30% 321 US$M 329.4 

Total site operating cost - increase of 30% 597 US$M 138.0 

Metallurgical recovery – decrease of 10% - - 159.3 

Metallurgical recovery – increase of 10% - - 308.0 
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The results (Figure 22.2) show that the pre-tax NPV is positive and remains so for the range of 

sensitivities evaluated, excluding the zinc price at -30%. The economics of Rosh Pinah are most 
sensitive to the zinc price, followed by the N$/ZAR:US$ exchange rate and zinc grade. Rosh Pinah 

is progressively less sensitive to project operating costs, metallurgical recoveries, the lead grade 

and price, capital costs, and the silver grade and price. 

Figure 22.2 Economic sensitivity analysis – pre-tax NPV at 8% discount rate 

 
Source: AMC 2020. 
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23 Adjacent properties 

The Skorpion Zinc mine is located 25 km north of the town of Rosh Pinah and comprises an open 
pit mine and a refinery, and is the largest integrated zinc operation in Africa. Established by Anglo 

American Corporation, Skorpion Zinc came into production in 2003 and was the first mine-to-metal 
operation to commercially apply a purely hydrometallurgical process route to exploit a zinc oxide 

deposit. Skorpion Zinc is operated by Vedanta Zinc International and owned by India-based Vedanta 
Limited, a listed subsidiary of Vedanta Resources plc. Skorpion Zinc was acquired by Vedanta 

Limited in 2010. 

Skorpion Zinc is currently reviewing options for a LOM extension via a push back to the existing 

open pit and potential underground development after open pit mining is completed. Skorpion Zinc 
also has plans to convert its Refinery to refine zinc sulphide concentrate from the Gamsberg mine, 

across the border in South Africa (Vedanta Zinc International 2020). 
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24 Other relevant data and information 

To the authors knowledge there is no additional information or explanation related to the Property 

that would make the Technical Report more understandable or not misleading. 
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25 Interpretation and conclusions 

25.1 Mineral Resource estimate 

At 30 June 2020 and at a ZnEq cut-off grade of 4%: 

• The Mineral Resource contains 8.13 Mt of Measured material, 7.97 Mt of Indicated material 

and 3.43 Mt of Inferred material. 

• The Measured Mineral Resource has average grades of 7.4% zinc, 2.1% lead, and 26 g/t silver. 

• The Indicated Mineral Resource has average grades of 7.1% zinc, 1.2% lead, and 20 g/t silver. 

• The Inferred Mineral Resource has average grades of 6.7% zinc, 1.3% lead, and 23 g/t silver. 

• 4% ZnEq has an approximate NSR value of US$40/t. 

Compared to the previous estimate of Mineral Resources (2018 RPA Technical Report) Measured 
and Indicated Resource tonnes have increased by 50%, which is mainly associated with an updated 

geological interpretation and new resource delineation. Inferred Mineral Resource tonnes have 
increased by 14%. In the Measured category the zinc grade has decreased by 13%, and lead grade 

has increased by 14% and silver decreased by 3%. In the Indicated category zinc, lead, and silver 
grades have decreased by 3%, 21%, and 18% respectively. In the Inferred category, the zinc 

grades has increased by 3%, lead grades have increased by 22%, and silver grades have decreased 

by 24%. 

Exploration drilling programs will continue to target Mineral Resource conversion at depth along the 

Western Flank of the WF3 lens and in the nose of the fold at depth of the AAB lens. 

25.2 Mineral Reserve estimate 

The Mineral Reserve estimate has been reported at an NSR cut-off value of US$50/t. Proven Mineral 

Reserves are based only on Measured Mineral Resources and Probable Mineral Reserves are based 

only on Indicated Mineral Resources: 

• The Mineral Reserve contains 4.24 Mt of Proven material and 6.99 Mt of Probable material. 

• The Proven Mineral Reserve has average grades of 7.3% zinc, 2.0% lead, and 24 g/t silver. 

• The Probable Mineral Reserve has average grades of 5.6% zinc, 0.9% lead, and 16 g/t silver. 

• Relevant dilution and mining recovery factors were applied in the estimation of Mineral 

Reserves. 

In comparison with the Mineral Reserve estimate in the 2018 RPA Technical Report, there is a 59% 

increase in Proven Mineral Reserve tonnes and a 38% increase in Probable Mineral Reserve tonnes, 
resulting in an increase in total Mineral Reserve tonnes of 45% (3.49 Mt). In the Proven category 

the zinc grade has decreased by 19%, and the lead and silver grades have increased by 51% and 

30% respectively. In the Probable category the zinc, lead and silver grades have decreased by 18%, 
35%, and 20% respectively. Since the 2018 RPA Technical Report approximately 1.7 Mt have been 

mined at average grades of 8.5% zinc, 1.2% lead, and 18 g/t silver. 

25.3 Mining 

Mining at Rosh Pinah has historically focused on the Eastern and Southern Orefields. A majority of 
the mining activities for the RP2.0 Expansion Project will focus on the Western Orefield, with a 

majority of the Mineral Reserves (approximately 70%) located in the WF3 zone. Key aspects of the 

future underground mine include: 

• A new surface portal and decline will be constructed to access the WF3 zone with the existing 
decline and conveyor system used to access the Eastern and Southern zones. The new decline 

will act as an additional fresh air intake and can accommodate trucks up to 60 t in capacity. 
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• Trade-off studies have identified that an ore production rate of 1.3 Mtpa, an NSR cut-off value 

of US$80/t, the use of paste backfill, and trucking WF3 material directly to surface via a new 

trucking decline provide the best economic returns from Rosh Pinah. 

• The current LHOS mining method without backfill in an overall top-down Primary / Secondary / 
Tertiary sequence will, in general, be replaced by LHOS with paste backfill in an overall 

bottom-up primary/secondary or continuous mining sequence once the paste backfill plant is 

commissioned in late 2021. 

• Paste fill test work on Rosh Pinah tailings demonstrates that a good quality paste fill can be 
produced with very good strength development in relation to cement addition rates. The 

introduction of paste fill into the production cycle, used to fill open stope and historical voids, 

will increase recovery of the Mineral Resource, and reduce the total amount of tailings stored 

in the TSF thereby extending its life. 

• Tailings filtration test work is currently underway to provide greater confidence in the paste 

plant filter sizing. This will improve the accuracy of the paste plant capital cost estimate. 

• Approximately 11.23 Mt of ore at an average grade of 6.26% zinc, 1.33% lead, and 19.0 g/t 

silver is projected to be mined and processed over the 11 year mine life. 

• Excavation and commissioning of a new surface 4.5 m diameter RAR (and associated lateral 

development) during 2022 is required to support increased production from the WF3 zone. 

• Total mine airflow of 752 m³/s is required for the LOM ventilation. The new RAR will require a 

surface fan installation delivering 275 m³/s at 2,195 Pa collar total pressure and consuming 

794 kW of electrical power. 

• Additional electrical power via higher capacity transformers will be required to meet the 
increased power demand of the RP2.0 Expansion Project. Higher demand underground will be 

met via increasing voltage to 11 KV on the underground feeders and via additional substations 

underground. 

• The existing dewatering and underground communications systems will require extension into 

the new mining areas. 

25.4 Processing 

The current Rosh Pinah concentrator utilizes a conventional three-stage crushing and ball milling 

circuit followed by flotation. Future ore production will predominantly originate from the Western 
Orefield and consequently this ore has been the primary focus in metallurgical test work conducted 

for the PFS. The key aspects of the concentrator plant design for the PFS can be summarized as 

follows: 

• The RP2.0 Expansion Project includes primary crushing upgrades, installation of a new single 
stage SAG mill circuit, and a number of other circuit modifications to provide increased 

flotation, thickening, filtration, and pumping capacity. In addition to this the flowsheet also 
includes several flowsheet modifications aimed at improving both the lead and zinc 

concentrate grades and metal recoveries. 

• Metallurgical test work was undertaken to derive comminution parameters, establish the 

optimal primary grind size, further characterize the flotation response, confirm the optimal 
flowsheet configuration, evaluate the degree of variability and derive grade and recovery 

estimates. The test work has confirmed the potential for both concentrate grade and recovery 
improvements (for both lead and zinc) using an optimized flowsheet which includes the 

following modifications: 

⎯ A finer primary grind of 80% passing 90 µm as compared to the current grind of 125 to 

175 µm (average of 150 µm). 

⎯ Reduced rougher flotation feed density of 35% solids as compared to 45% for current 

operations. 
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⎯ Addition of a Jameson cleaner scalper cell to treat the zinc rougher concentrate prior to 

regrind and cleaner flotation. 

⎯ Classification ahead of the regrind circuits targeting 80% passing 25 µm for the lead 

regrind circuit and 80% passing 53 µm for the zinc regrind circuit. 

⎯ Addition of a zinc cleaner scavenger circuit to allow for the operation of a separate 
rougher and cleaner scavenger circuit in combination with an increase in zinc flotation 

circuit residence time. 

⎯ Recycle of zinc cleaner tailings and cleaner scavenger concentrate to the regrind circuit. 

• Metallurgical performance projections were derived using discounted locked cycle test results 

in combination with Rosh Pinah operational performance data. Experience has shown that for 

RPZC samples, laboratory bench-scale flotation performance is better than that achieved for 

full scale operations. For this reason, a discount was applied to the laboratory locked cycle 
test data. A comparison of the discounted locked cycle test data relative to the 2019 / 2020 

operational data has indicated that a zinc recovery benefit of 4.1% can be achieved post 
commissioning, ramp up and optimization. Similarly, a lead recovery benefit of 0.7% can be 

achieved. 

• Based on the test work data it is expected that an average zinc concentrate grade of 49% to 

50% can be achieved, which is aligned with the current 2019 / 2020 baseline operational data. 

• In addition, the test work has also shown the potential for a 3.5% improvement in lead 

concentrate grade relative to the 2019 / 2020 baseline operational data. 

25.5 Infrastructure 

All pertinent facilities are in place at the Rosh Pinah site to support the current mining operations, 
inclusive of security, accommodation, catering, engineering and administration buildings, change 

facilities, mine ventilation, main power sub-station, mine rescue, water supply, compressed air, 
underground dewatering, sewage treatment, explosives magazines, water treatment plant, 

maintenance / repair facilities, storage, laboratory, communications, fuel farm, fire prevention, 

waste rock dump, and TSF. 

• It is envisaged that, in general, the existing mine administration facilities will be adequate to 

support the RP2.0 Expansion Project, with only minor upgrades required. 

• A paste fill plant has been designed to operate at approximately 80 m3/hr to provide the 
necessary yearly backfill capacity of approximately 0.4 Mm3 with a plant utilization rate of 

65%. The paste plant will enable filling of stope and historical voids and is to be designed and 

built for commissioning in October 2021. 

• A minor extension of the TSF is anticipated based on the tonnes of ore produced over the LOM 
for the RP2.0 Expansion Project and the implementation of paste fill per the Technical Report 

mine schedule.  

• The existing maximum power supply capacity of 10 MVA is insufficient to meet the forecast 

power demands of the RP2.0 Expansion Project. Two 25 MVA, 66 kV / 11 kV power 

transformers will be installed in a running / standby configuration. The new 11 kV distribution 

substation will be sized with spare space so that all the 3.3 kV loads can eventually be moved 

to 11 kV. 

• The total raw water supply requirement from the Orange River is estimated to be 182 m3/h 
comprising processing plant raw water consumption of 145 m3/h (based on an estimated water 

consumption of 0.90 m3/t milled), underground mine raw water consumption of 21 m3/h and 
Rosh Pinah town raw water consumption of 16 m3/h. The existing raw water supply from the 

Orange River will have to be supplemented with a new secondary supply from the Skorpion 
Zinc raw water supply pipeline. It has been noted that there is the potential to reduce the raw 

water consumption with the inclusion of backfill and water treatment. 
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25.6 Environmental 

• RPZC has all the required permits for its operations on the Property. The existing mining 
permits cover all the active mining areas and, in conjunction with environmental certificates, 

give RPZC the right to carry out full mining and mineral processing operations. 

• An independent third-party review found no evidence of environmental issues that could 

materially impact the ability to extract the Mineral Resources or Mineral Reserves at RPZC 

(ASEC 2020). The ASEC report also highlighted key areas of focus for further improvement. 

• There are no health and safety risks at Rosh Pinah that are considered to be beyond those 

that would normally be anticipated at a well-run mining operation. 

25.7 Economics 

Based on the LOM production forecast and projected mining costs, and assuming average metal 

prices to be the same as those used for cut-off value determination (zinc – US$1.11/lb, 
lead – US$0.93/lb, silver – US$19.81/oz), a simple economic model analysis indicates a pre-tax 

NPV at 8% discount rate of US$234M (US$142M post-tax including depreciation). Over the LOM, 

84% of the net revenue is projected to come from zinc, 12% from lead, and 4% from silver. 

25.8 Risks 

The key RP2.0 Expansion Project risks and controls identified include: 

• Delays to obtaining the necessary licencing and permitting. RPZC is working closely with 
government agencies to ensure permitting is received by the required dates with no major 

issues identified. 

• The risk of higher dilution and lower mining recovery, in particular associated with mining 

adjacent to voids within remnant areas. The technical services department has instigated good 

stope reconciliation practices and the dilution parameters used in the PFS are considered 

reasonable. 

• Lack of available power within the existing or expanded operation. Upgrades to the power 

supply are planned and the requirements will be assessed in more detail in future studies. 

• Underestimation of dewatering requirements. Mining is currently undertaken in the zones to 

be mined and additional hydrogeological studies are planned. 

• Deterioration in ground conditions encountered as the depth of mining increases affecting 

development and mining rates. Mining is currently undertaken in the areas to be mined and 

additional geotechnical studies are planned. 

• Increased complexity of mining (including ventilation and dewatering) and interaction of 
mobile fleet (congestion) with increasing reliance on production sourced from the WF3 zone. 

Further and more detailed mine design and scheduling is planned. 

• Full scale processing operations may be unable to achieve the bench-scale laboratory results 

due to laboratory specific factors and / or due to operational factors. Mitigation measures to 

be developed include appropriate process controls systems and optimization work. 

• Capital and operating costs could be higher than estimated in the PFS with an adverse impact 
on economic viability. Sensitivity analysis has indicted the RP2.0 Expansion Project is robust 

and more detailed cost estimates are to be prepared as part of the feasibility study. 

• Delay in RP2.0 Expansion Project infrastructure construction and commissioning including the 

processing plant, the paste backfill plant, and the new surface decline, portal and MHS. A 
project execution schedule will be prepared that reflects the work required from definitive 

feasibility study through to detailed engineering, construction and commissioning. 

• Delay in paste backfill plant commissioning, inability to utilize spare capacity for placement of 

paste fill underground within historic voids, or inability to reclaim tailings from the existing 
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TSF, will necessitate a major extension of the TSF. More detailed feasibility assessment of the 

paste fill plant and TSF extension is planned. 

• Dust is considered an environmental risk that requires ongoing monitoring and management. 

RPZC has implemented monitoring and substantial mitigation measures (primarily related to 
the TSF including placing rock cladding, adding polymers and keeping the top wet) to reduce 

dust. There has been a reduction of particulate matter levels at the mine (within the 
concentrate storage area and crusher) and, a reduction of dust by 97% within the town of 

Rosh Pinah as a result of the reduction from the TSF. This work is ongoing. 

• The Property is located in a region that is subject to drought and there is potential for future 

water scarcity. Actions taken to reduce the water scarcity risk include working with other 

catchment based stakeholders to identify alternative water sources (groundwater and 

retreating mine water), including a new secondary supply from the Skorpion Zinc raw water 
supply pipeline, rather than drawing this from the Orange River and water use reduction 

measures incorporated into the processing plant expansion and the implementation of paste 

backfill. 

• The upgrade to the concentrator and the addition of advanced control systems will require 
greater involvement from the RPZC instrumentation and control engineers. Training, and 

possibly additional resources, will be required. 

25.9 Opportunities for further consideration currently excluded from project scope 

The key opportunities identified for the RP2.0 Expansion Project include: 

• Significant exploration potential exists within the Property with a number of high priority drill 

targets identified to delineate additional Mineral Resources. 

• Inferred Mineral Resources have the potential to be converted to Indicated and Measured 

Mineral Resources via additional infill drilling work. 

• The economics of Rosh Pinah could be improved if additional infill drilling enables the 

conversion of a portion of the Inferred Mineral Resource to Mineral Reserve, above the 
strategically optimal cut-off value of US$80/t, thereby enabling higher value material to be 

incorporated in the mine schedule. 

• Optimization of critical infrastructure placement including the decline and ventilation network 

positioning may reduce mine design physicals. 

• Further review of existing electrical substations may identify units that are no longer utilized 

or under-utilized and can be used in the mine expansion rather than procurement of all new 

substations. 

• Optimization of the paste fill distribution network to include a series of internal raises to 

improve distribution network physicals and lower capital costs. 

• There is potential for lead recovery improvement with the inclusion of a Jameson flotation cell 

in a cleaner scalper flotation duty. 
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26 Recommendations 

The following additional work is recommended. 

26.1 General 

• Complete definitive feasibility study engineering and design programs to advance the 

development of the RP2.0 Expansion Project. 

26.2 Geology and Mineral Resources 

• Continue exploration and infill drilling programs to delineate new Mineral Resources and 

increase the Measured and Indicated Mineral Resources. 

• Continue mapping the high-grade zones, which appear to be spatially associated with modelled 

faults, at depth from underground and undertake further advanced studies on structural 

controls of mineralization. 

26.3 Mining and Mineral Reserves 

• Conduct comprehensive geotechnical investigations and assessments to better define the 

characteristics of the various rock mass zones that impact the underground mine designs. 

• Undertake further detailed mine design and scheduling to optimize grades, and balance ore 

stockpile and blending requirements. 

• Conduct further underground paste backfill strength and flow property studies including 

additional study of paste binder requirements and backfill methodology. 

• Complete further assessment of the paste fill pumping requirements to provide greater 

confidence in the paste pump specifications and improve the accuracy of the paste plant capital 

cost estimate. 

• Undertake appropriate engineering and planning to confirm the mine ventilation and mine 

infrastructure requirements. 

• Complete a detailed hydrogeological study to enhance understanding of water ingress to the 

mine and optimize the dewatering strategy and water treatment. 

• Ensure the proposed mine infrastructure including the RAR surface location and internal 
network does not result in sterilization of ore or is within critical offset distances to existing or 

planned voids or mine development. 

• Update the HoV process based on the more detailed parameters prepared for the PFS and 

more in-depth cut-off grade assessment to investigate the potential to sustain ore production 
of 1.3 Mtpa based on the strategically optimal cut-off value of $80/t and further improve the 

economics of Rosh Pinah. AMC notes that this work is planned to be completed in Q3 2020 

prior to commencing the feasibility study. 

• Review opportunities for enhanced mine operation through use of automation and advanced 

technology including an evaluation of the potential benefits of transitioning to a predominantly 

electric vehicle fleet. Potential benefits include: 

⎯ Enhanced health and safety by removal of contaminants such as diesel particulates and 

the lower heat output of electric engines. 

⎯ Magnitude of the reduction in total mine airflow and the subsequent impact upon power 

consumption, raise sizes, decline / lateral airway sizes, and fan sizes. 

⎯ Improved capital and operating costs due to lower power requirements, smaller raise 

diameters, and smaller fans. 
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26.4 Processing 

• The metallurgical recovery benefit that is considered for the PFS is based on the potential 
recovery benefit as derived based on the ALS test work. In order to fully realize these 

recoveries continuous process optimization is recommended as follows: 

⎯ Develop an advanced mill control system aimed at maximizing mill throughput for a 

range of feed blends, while ensuring improved grind control and reduced grinding media 

consumption. 

⎯ Develop an enhanced flotation control system aimed at incorporating flotation mass pull 
control, while simultaneously reducing flotation circuit instability through improved flow, 

level and air control. 

⎯ Develop an integrated mine geo-metallurgical model aimed at maximizing metal 

recovery and concentrate grade by achieving a more consistent mill feed blend. 

⎯ Further optimize the zinc Jameson Cell concentrate grade and recovery, post installation 

and commissioning. 

⎯ Maximize metal recoveries using froth flotation through additional control optimization 

initiatives (level, density, etc.) in various other areas of the process to enhance stability 

in the circuit. 

• Undertake further test work to confirm the recovery and grade that can be achieved for zinc 

feed grades of 4 – 6% as is expected in the later years of mining. 

• Undertake further test work to fully evaluate the potential benefit of a lead circuit Jameson 

Cell installation in a cleaner scalper duty. 

• Investigate the potential to reduce raw water consumption to 0.20 to 0.30 m3 per tonne milled 

with the inclusion of paste backfill and water treatment. 

• Review the potential impact of changes in reagent supply costs, maintenance costs, power 
supply costs and the plant control and instrumentation labour requirements during the 

feasibility study. 

26.5 Infrastructure 

• Continue the work being undertaken by the TSF design and safety specialists engaged by 
Trevali and RPZC to address the identified corrective actions and suggested improvements for 

the Rosh Pinah TSF. 

• Complete site wide detailed engineering and mass balance for processing, paste fill, and 

processing tailings to determine the requirement for TSF expansion. Completion of the 
necessary TSF design, scheduling and costing work is required to ensure TSF capacity is 

maintained. This will also improve the accuracy of the projected TSF capital and sustaining 

capital estimates during the feasibility study. 

• Complete the necessary paste plant design, scheduling and costing work to ensure the paste 

fill system is commissioned in line with mining requirements and TSF design expectations. 

• Commence the relevant infrastructure approvals processes (internal and external). 

• Update the site wide detailed water balance for processing, paste fill, and processing tailings 

with inclusion of water treatment to evaluate the potential for a reduction in raw water 

consumption. 
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26.6 Environmental 

• Continue with the permitting approvals process to avoid potential delays to the RP2.0 

Expansion Project. 

• Continue to review and develop the initiatives that have been implemented to mitigate and 

manage environmental, social and community risks associated with: 

⎯ Dust fallout levels at the mine (within the concentrate shed and crusher) and within the 

town of Rosh Pinah. 

⎯ Water sampling from boreholes to monitor potential contamination to groundwater. 

⎯ Reduction in water use and increased water recycling to reduce water scarcity risks, 

alongside the design controls and secondary water from the Skorpion Zinc raw water 

supply pipeline. 

⎯ Occupational health and safety. 

⎯ Community and stakeholder engagement. 

26.7 Further work program 

It is recommended that further work be carried out as part of a structured feasibility study program. 

The estimated cost of this further work program is outlined in Table 26.1. 

Table 26.1 Cost breakdown of recommended further work for the feasibility study 

Recommended work program US$M 

Geological investigations including exploration and infill drilling 1.0 

Geotechnical and hydrogeology investigation program 1.2 

Backfill test work program 0.5 

Technical Studies 1.5 

Permitting and environmental work 0.3 

Total 4.5 
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