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1. Executive Summary 

1.1 Introduction 

This Technical Report has been prepared by Hatch Africa (Proprietary) Limited (Hatch) on 

behalf of Nordic Mining ASA. Hatch was commissioned to prepare a Technical Report 

compliant with the “Australasian Code for Reporting of Exploration Results, Mineral 

Resources and Ore Reserves” (JORC Code 2012 Edition) for a Prefeasibility Study (PFS) 

of the Engebø Rutile and Garnet Project (the Project) located near Førde in Norway. The 

project involves the establishment of a mining and processing operation at the Engebø 

deposit. The mineral rights to the Engebø deposit are held by Nordic Mining’s wholly 

owned subsidiary Nordic Rutile AS. Nordic Mining is a public company listed on Norway’s 

Oslo Stock Exchange Axess list (OAX: NOM). 

Two minerals, rutile (TiO2) and garnet, will be produced from Engebø, which is a hard 

rock deposit with high grades of both rutile and garnet. Rutile is a titanium feedstock, 

primarily used in the production of titanium pigment, titanium metal and welding rods. The 

Engebø garnet, which is almandine, is used commercially in the abrasives and waterjet 

cutting industry. 

The deposit is situated in a sparsely populated part of western Norway next to an existing 

deep-water ice-free port. The port is situated in a fjord adjacent to the North Sea, 

providing environmentally-friendly shipping to Europe and North America. The coastal 

climate with mild winters and summers will enable mining and processing operations to 

continue uninterrupted throughout the year.  

The regulatory setting for the Project is driven by two key legislative requirements, namely 

the discharge permit and the zoning plan (planning permit). Both permits have been 

granted by Norwegian authorities, without further possibility for appeal. 

1.2 Key Project Outcomes 

1.2.1 Key Figures: Production and Financials 

The foundation for the Project is the geological properties of the Engebø deposit including 

the Mineral Resource Statement, the mine plan and process flowsheet with estimates for 

capital expenditures and operating costs, and the Ore Reserve Statement. All these 

fundamentals are further described in this Executive Summary and in separate sections 

of the Technical Report.  

The business case developed for the Project is based on two product revenue streams 

from a 1.5 Mtpa mining and processing operation, with open pit mining starting in 2021 

and continuing for 16 years. Development of the underground mine will start in year 13 to 

enable underground production to take over from the open pit. The Life of Mine runs until 

2049. The mining plan and mineral processing for the Project is based on ferro-eclogite 

only. Significant additional mineral resources (Inferred Resources) to extend the Life of 

Mine may be qualified through drilling. The mine plan has been developed in line with the 

guidelines of the JORC Code. Table 1-1 shows the key production and financial figures 

for the Project.  
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Table 1-1: Summary of Key Production and Financial Figures 

Project Financials Unit Value 

Pre-tax NPV @ 8.0% US$ M 332 

Pre-tax IRR % 23.8 

Payback Period years 4.1 

Net Project Pre-tax Cashflow (Undiscounted) US$ M 1,613 

 

Post-tax NPV @ 6.8% US$ M 305 

Post-tax IRR % 20.8 

 

Pre-tax Opportunity NPV @ 8.0%  US$ M 465 

Production Capacity  

Initial Production Capacity ROM Mtpa 1.5 

Capital Expenditure 

Initial Capital Expenditure for Open Pit and Processing Plant US$ M 207.2 

Deferred Capital Expenditure for Underground Mine (Year 13) US$ M 16.9 

Operating Cost 

Total Operating Cost  
US$/ROM 

tonne 
16.28 

Total Operating Cost  
US$/Sales 

tonne 
86.92 

Mining and Processing  

Open Pit Life years 16 

Total Open Pit Ferro-eclogite Ore Production  Mt 22.6 

Underground Life years 13 

Total Underground Ferro-eclogite Ore Production  Mt 19.4 

Total Project Mine Life years 29 

Total Project Ferro-eclogite Ore Production (LOM) Mt 41.9 

Ferro Ore Grade – Rutile * % 3.46 

Rutile Recovery* % 58.5 

Ferro Ore Yield – Garnet * % 17.47 
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Rutile and Garnet Sales (Average for First 5 Years of Operation) 

Rutile Sales 
Tonnes per 

annum 
30,525 

Rutile Sales Revenue 
US$ M per 

annum 
32.7 

Garnet Sales 
Tonnes per 

annum 
176,000 

Garnet Sales Revenue 
US$ M per 

annum 
44.0 

Garnet basket price 
US$ per 

tonne 
250 

Rutile price 
US$ per 

tonne 
1,070 

* Diluted by waste rock: 4% for open pit and 6% for underground 

The key financials illustrate a profitable, robust and flexible business case with an Internal 

Rate of Return (IRR) of 23.8% and a Net Present Value (NPV8) of US$ 332 M. The 

Project indicates a payback period of less than five years.  

The initial capital expenditure for the Project is estimated at US$ 207 M. This includes the 

open pit mining operation and the processing plant facilities. A deferred capital 

expenditure of US$ 17 M related to the underground mining operation will accrue in year 

13, and will, therefore, likely be financed from the operating cashflow. 

The undiscounted net cashflow from the Project over the 29 year Life of Mine is around 

US$ 1.6 billion, indicating a sizeable business operation. 

1.2.2 Key Project Characteristics 

• Low Cost Mining Operation 

The Engebø deposit is a large, outcropping high-grade resource which is open at depth 

and to the east and west. This allows for easy transition from open pit mining to effective 

underground bulk mining. The ridge profile of the deposit enables the use of a glory hole 

for open pit mining. Consequently, ore transportation costs are limited. The open pit 

stripping ratio is 1.34, with limited overburden. The geotechnical setting favours low 

operating costs due to low support requirements which allows for progressive mining both 

in the open pit and the underground operation. Hydrogeological conditions for the open 

pit and underground mine offer low risk of water inflows and low hydraulic conductivity 

through competent ore and country rocks. 

• High-quality Products 

A comprehensive programme of comminution and process testwork has shown that 

standard technologies can be used to achieve high recoveries of rutile and garnet. The 

PFS programme has been successful in making pigment grade rutile at market 

specifications. Commercial products of both coarse and fine garnet have been made, 

meeting market specifications of 30/60, 80 and 100 mesh garnet products. There is 

potential for further optimisation of recoveries of rutile and coarse garnet. 

• Favourable Infrastructure 

The Project is surrounded by local infrastructure with reliable power and process water 

sources available within a few kilometres of the site. Natural gas for product drying is 
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available from local suppliers. The existing deep-water port caters for simple and 

environmentally-friendly logistics during the construction and operational phases.  

• High Revenue to Cost Ratio 

The Project benefits from having high value products and relatively low operating costs. 

The dual mineral business case with shared production costs offers a revenue to cost 

ratio for rutile of approximately 3.9 over the first 10 years, ranking the Project in the first 

quartile amongst global titanium feedstock producers. This is illustrated in the figure 

below with estimations for 2021. 

 

Source: TZMI © 

Figure 1-1: 2021 Revenue to Cash Cost Curve 

Note: The Project revenue has been estimated using TZMI’s long-term inducement price for rutile (US$ 

1,070/t FOB) while the garnet price is assumed at US$ 250/t FOB. Operating cost estimates were provided 

by Nordic Mining. 

1.2.3 Future Upside Opportunities and Flexibility 

There are upside potentials in the business case related to, inter alia:  

• Expanding the Run of Mine throughput to enable increased product sales 

• Extending the Life of Mine through increased ore reserves from Inferred Resources 

• Selling surplus garnet produced in the first years of production. 

The above initiatives may offer a 40% improvement in the NPV8 to US$ 465 M. 

In addition to the ferro-eclogite which is the basis for the Project, the Engebø deposit also 

contains lower grade trans-eclogite. Possible utilisation of the trans-eclogite may offer 

flexibility and potential upside to the Life of Mine which could be investigated at a later 

stage. 

1.3 Contributors 

The PFS has been prepared through collaboration between a number of recognised 

consulting firms. The key project contributors are summarised in Table 1-2 below. 
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Table 1-2: Key Project Contributors 

Company/Person  Primary Source of Services 

Hatch 
Johannesburg, South 
Africa 

• Main Technical Consultant 

• Mineral Processing and Comminution 

• Mining 

• Project Infrastructure and General Infrastructure 

• Engineering Design 

• Human Resources 

• Capital and Operational Cost Estimate 

• Financial Analysis 

• PFS coordination, report write-up and quality assurance 

Adam Wheeler 
Independent Mining 
Consultant, Cornwall, 
United Kingdom 

• Competent Person for Resource and Reserve Estimations in 
accordance with the guidelines of the JORC Code 

• Mineral Resource Statement 

• Mining 

• Ore Reserve Statement 

Wardell Armstrong 
International Truro, United 
Kingdom 

• Mining Geotechnical (Open Pit Mine Design) 

SINTEF 
Trondheim, Norway 

• Mining Geotechnical (Underground Mine Design) 

• Hydrogeology 

IHC Robbins 
Brisbane, Australia 

• Metallurgical testwork programmes and results 

• Flowsheet development and advisory 

Mintek 

Johannesburg, South 
Africa 

• Comminution testwork and results 

COWI 
Fredrikstad, Norway 

• Tailings Disposal 

TAK Industrial Mineral 
Consultancy 
Gerrards Cross, United 
Kingdom 

• Garnet market information 

TZMI 
Perth, Australia 

• Rutile market information 

1.4 Property Description, Location and Access 

The Engebø deposit is located between the towns of Førde and Florø in south-western 

Norway, with direct access to the North Sea. Engebø is on the northern side of the Førde 

Fjord in the Naustdal municipality, in the Sogn og Fjordane county. 

The Fv 611 county road runs along the south side of the deposit before entering a 630 m 

long tunnel which runs through the deposit. The location of the Engebø deposit in south-

western Norway is shown in Figure 1-2 and Figure 1-3 below; an aerial view of the site is 

shown in Figure 1-4 below. 
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Figure 1-2: Location of the Engebø Deposit 

 

Figure 1-3: Location of the Engebø Deposit in the Sunnfjord Region 
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Figure 1-4: Aerial View of Engebø looking west towards the North Sea 

Engebø is the local name of a small hill which varies in elevation from sea level to 

335 masl. On the south side, the hill dips steeply into the Førde fjord, with more gentle 

slopes on the northern, eastern and western sides. 

The climate at Engebø is characterised by long, warm days in summer and colder, darker 

and shorter days in winter. Snow is common in winter but proximity to the sea and 

relatively low altitude result in no permanent snow accumulation which allows for all-year 

operation. Annual rainfall is about 2,000 mm, through all four seasons. The fjord is 

permanently ice-free.  

The town of Førde, with about 10,000 inhabitants, is located about 30 km east of Engebø. 

Førde has a regional airport nearby. The town of Florø with a population of 9,000 people 

lies 30 km west of Engebø, and has a regional airport. Between Engebø and Førde lies 

the municipality centre of Naustdal. The Naustdal municipality has about 2,500 

inhabitants. 

On the eastern part of the Engebø hill is a closed quarry and the harbour facilities 

constructed for rock shipment still exist. The harbour facility is designed for vessels with a 

capacity of up to 80 kt. 

Power and water are easily accessible with a 22 kV power line close by and a reliable 

water supply within 9 km. 

1.5 Deposit Mineralisation and Geology 

The Engebø deposit is one of the world’s highest-grade rutile deposits and is unique due 

to its substantial content of garnet. With negligible contents of radioactive elements and 

heavy metals, the deposit is a clean source of high-grade and high-quality titanium and 

garnet minerals. Unlike most rutile deposits, the Engebø rutile is contained in a hard-rock 

ore, a massive body of eclogite.  
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The deposit forms a 2.5 km long east-west trending lens that runs parallel with the Førde 

Fjord and the ridge, Engebøfjellet (Norwegian for Engebø Mountain). The deposit dips 

steeply towards the north with a dip of 60° to 85° degrees. Structural studies reveal many 

episodes of complex major folding and development of foliation. There is considerable 

exposure of eclogite on surface, although the overburden increases to the east and the 

country rocks frequently fold into the eclogite on its margins. 

Geological investigations have determined that the eclogite can be subdivided into three 

different types, based on appearance and titanium content: 

• Ferro-eclogite; dark and massive appearance, generally >3% TiO2 

• Transitional-eclogite; intermediate dark, generally 2 to 3% TiO2 

• Leuco-eclogite; light coloured and foliated, generally <2% TiO2. 

The contacts between the eclogite types are gradational, moving from ferro- to 

transitional- and leuco-eclogite. Figure 1-5 below shows the relationship between the 

different eclogite types. 

 

Figure 1-5: Geology of the Engebø Deposit 

The main titanium bearing mineral is rutile. Only 5% of the titanium is found as ilmenite, 

and the presence of titanite/sphene is negligible. The rutile is practically free of uranium, 

thorium and other radioactive elements (less than 1 ppm). The mineral assemblage gives 

the rock a characteristic green and red colour. In general, the eclogite contains 40% to 

50% almandine type garnet. The garnet content decreases gradually with the TiO2 grade. 

Other major minerals present in the ore are pyroxene and amphibole. 
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1.6 Land and Mineral Tenure 

Nordic Mining has access to the mining and processing plant areas both by land and sea 

as a result of option agreements with landowners, as well as an approved zoning plan for 

the area and a development agreement with Naustdal municipality. 

Nordic Mining holds nine valid extraction permits covering the entire planned mining area, 

which gives the right to extract and utilise deposits of minerals within certain limits as 

described in section 32 of the Norwegian Minerals Act. The permits are valid until 

12 November 2027. The Directorate of Mining may extend the duration period of the 

permits for up to ten years at a time. Extensions are normally granted if the deposit is 

deemed to be a reasonable reserve. 

The land required for the processing plant is owned by three private landowners. Nordic 

Mining has entered into private option agreements with two of the landowners whereby 

the Company has an unconditional right to acquire the relevant area and exclusive right 

for mining operations. Renegotiations with the landowners are ongoing. By law, Nordic 

Mining has the right to acquire areas for operation through compulsory acquisition. 

1.7 Mineral Processing 

Comprehensive testwork programmes involving both comminution (crushing and grinding) 

and processing have been carried out, mainly in South Africa and Australia. The testwork 

has been successful in making a pigment grade rutile product with significantly increased 

recovery compared to historic testwork results. Coarse and fine garnet products that meet 

the market specifications of 30/60, 80 and 100 mesh products have also been achieved. 

Table 1-3 below shows the key results from the testwork. 

Table 1-3: Summary of the Key Processing Testwork Results 

Key Processing Results Weight % 

Rutile Product Grade (as TiO2) 94.9 

TiO2 Recovery to Rutile Product 60.2 

Coarse Garnet Product (>212 µm) Grade 95.4 

Fine Garnet Product (<212 µm) Grade 95.5 

Overall Garnet Yield 18.3 

1.7.1 Comminution 

Comprehensive comminution testwork has been undertaken in South Africa to develop a 

flowsheet capable of producing a suitable feed for garnet and rutile processing, while 

minimising overgrinding. 

A three-stage comminution circuit was developed to produce a 550 µm to 212 µm feed for 

coarse garnet recovery, and a 212 µm to 45 µm fine feed for rutile and fine garnet 

recovery. 

A series of different crushing and grinding technologies were evaluated based on: 

• Mineral liberation (based on QEMSCAN analysis) 

• Fines (<45 µm) generation 
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• Theoretical product recoveries 

• Capital and operational cost 

• Net Present Value 

• Technology maturity and viability. 

A circuit using an impact crusher in the tertiary crushing stage outperformed other 

methods due to better liberation and less fines production and was consequently selected 

for the project. 

A simplified flowsheet for the selected comminution route is shown in Figure 1-6 below. 

 

Figure 1-6: Simplified Schematic of the Selected Comminution Circuit 

As illustrated, a primary jaw crusher is followed by a secondary cone crusher. The tertiary 

crushing stage is carried out with impact crushers operating in a closed circuit. Finally, a 

rod mill is employed to produce a <550 µm feed for the processing plant. The rod mill was 

selected as opposed to a ball mill due to the superior performance in terms of minimising 

fines and enhancing liberation of garnet and rutile. 

1.7.2 Processing 

IHC Robbins has been the main laboratory facility responsible for the process testwork. 

Comprehensive testwork programmes have been conducted with industrial scale 

equipment and run in 0.5-t to 4.0-t feed batches for testing of different process 

configurations. A viable process flowsheet has been developed using conventional and 

cost-effective process equipment. 

Figure 1-7 below illustrates the developed flowsheet for garnet and rutile production. 

 

Figure 1-7: Simplified Schematic of the Selected Process Flowsheet 
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The developed flowsheet has been successful in making both marketable garnet and 

rutile products as well as maximising product recoveries. 

The processing circuit, following comminution, consists of the following stages: 

• De-sliming and primary screening to reject fines and to split the de-slimed feed into 

two size fractions for processing 

• The >212 µm fraction reports to the coarse garnet process consisting of a wet gravity 

circuit followed by a dry magnetic circuit to recover a high-grade, coarse garnet 

product 

• The rejects from the coarse garnet circuit are milled and combined with the <212 µm 

feed from the primary screening 

• The <212 µm material containing the fine garnet and rutile reports to a wet magnetic 

separation circuit to split the feed into magnetic and non-magnetic concentrates 

containing the fine garnet and rutile respectively 

• The magnetic concentrate is further processed through a wet gravity circuit followed 

by a dry magnetic circuit to produce a high-grade, fine garnet product 

• The non-magnetic concentrate reports to a wet gravity circuit followed by a dry 

magnetic and electrostatic separation circuit, and finally to a flotation circuit to 

produce a high-quality rutile product. 

The flowsheet employs tried-and-tested physical separation equipment extensively used 
in the mineral sands industry. 

1.8 Mining 

1.8.1 Geotechnical and Hydrogeology 

Wardell Armstrong International has performed the geotechnical assessment and pit 

slope design for the Engebø open pit. A programme of diamond drilling and logging of 

oriented core, as well as geotechnical field mapping of the road tunnel exposure through 

the deposit, has been conducted. Recommended inter-ramp angles used for pit 

optimisation are between 54°and 67°, with one sector at 47°. Since the open pit is at high 

relief there is little risk of water inflows. In addition, hydraulic conductivity was found to be 

low with little to no ingress of water into excavations. 

SINTEF Building and Infrastructure has undertaken a geotechnical analysis of potential 

underground mining methods suitable for Engebø. The rock mass quality was found to be 

high and all proposed underground mining methods will be stable. It is recommended to 

undertake in-situ stress assessments in the next phase of the underground study. 

1.8.2 Mining 

Norway is renowned for its hard rock mining, both open pit and underground. From a 

mining perspective, the deposit supports a low-cost production operation for the following 

reasons: 
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• The high relief location of the open pit enables the use of a glory hole for open pit 

mining. The ore pass (glory hole) will be raise-bored into the pit shell, with a crusher 

and silo system developed below the pit. As consequence, ore transport costs are 

minimal 

• An attractive stripping ratio with almost no overburden. The waste is determined by 

the cut-off grade with the potential to stockpile low grade ore close to the pit for 

processing later 

• A large resource which is open at depth and to the east and west. This allows for an 

easy transition to effective underground bulk mining 

• The geotechnical setting does not require intensive support and further favours low 

operating costs in both open pit and underground mining. 

The mining studies undertaken in this phase set out to determine the following: 

• Plant capacity 

• Mining cut-off grade 

• Mining volumes and the balance between open pit and underground 

• Mine design and scheduling for both open pit and underground. 

The optimised business case results in an open pit mine at 1.5 Mtpa for 16 years followed 

by underground operations for a further 13 years. Figure 1-8 below shows the open pit 

and underground mine design used to derive the mine plan. Only the high-grade ore 

(ferro-eclogite) will be processed, with significant upside to the Life of Mine if transitional-

eclogite is processed at a later stage.  

 

Figure 1-8: Open Pit and Underground Mine Design (looking South-East) 
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The key metrics for the mining operation are summarised in Table 1-4 below. 

Table 1-4: Key Schedule Production Statistics 

Activity Units Life of Mine 

Open Pit Mining   

Production start   2021 

Capacity Mtpa 1.5 

Life years 16 

Waste Mined kt 30,446 

Ferro Ore Mined kt 22,616 

Strip Ratio tonne waste: tonne ore 1.34 

Underground Mining   

Production start   2034 

Capacity Mtpa 1.5 

Life years 13 

Waste Mined kt 10,020 

Ferro Ore Mined kt 19,432 

Feed to Plant *   

Ferro Ore Feed to Plant kt 41,896 

Ferro Ore Grade – Rutile % 3.46 

Ferro Ore Grade – Garnet % 40.45 

 * Diluted by waste rock: 4% for open pit and 6% for underground 

1.8.3 Mining Trade-offs Performed 

Mining optimisation started with the aim of determining the plant capacity to select, and 

thereafter, decide the best mine design and schedule. The mining optimisation process 

was iterative, with information updated as the process testwork and design dictated which 

recoveries and flowsheets were possible. A full description of the process is given in 

Section 12.3. 

The following conclusions were reached as the study progressed through the iterative 

process: 

1. Pit optimisation resulted in a final pit with very little difference between the different 

options. The size of the pit is constrained to the south-east and to the west by the 

owner’s boundary (permitting boundary) and all pit shells extend to these boundaries 

2. There are minor differences to the north for the different options. Since the north has 

mainly low grade leuco-eclogite, the higher cut-offs would exclude some of this ore 

3. The final pit depth is determined by the slope angles and the boundaries in the 

southerly, easterly and westerly directions. There is no significant difference in pit 

depth for the different options 



 
Nordic Mining 
Engebø Rutile and Garnet Project                                                                                           Prefeasibility Study 
H352410                                                                                                                                      30 October 2017 

 

   

 
 

H35241000000-100-066-0011, Rev. 0 
Page 14 

© Hatch 2017 All rights reserved, including all rights relating to the use of this document or its contents. 

 

4. The results of the metallurgical testwork on recovery of coarse garnet will strongly 

impact the business case 

5. The impact of higher feed grades and recoveries outweighs the effect of a higher 

stripping ratio. The business case is improved for higher grade and lower volume 

scenarios. 

Based on the above, the final pit was selected for design and further scheduling 

optimisation. The pit design was performed with input parameters as per Table 1-5 below. 

Table 1-5: Key Pit Design Parameters 

Parameters Unit Value 

Bench height m 15 

Berm width m 5 

Bench face angle º Varies per pit sector 

Ramp grade % 10 

Ramp width m 23 

Turning clearance diameter m 29 

Top bench elevation m 330 

Bottom bench elevation m 90 

 

The scheduled was improved by using a two-stage pushback strategy as shown in Figure 

1-9 below to defer waste stripping. The waste includes all Inferred material, as well as all 

leuco- and transitional-eclogite. This lower grade ore may be stockpiled for potential 

future use. 

 

Figure 1-9: Pit Design Pushbacks 
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A key feature of the design is the use of a glory hole inside the pit. The effect of this is to 

reduce the ore haulage requirements since most benches are close enough to dump 

directly into the raise-bored hole. Ore is then crushed and transferred to underground 

silos before being conveyed to the plant. The underground infrastructure for both the pit 

and underground mining can be seen in Figure 1-10 below. 

 

Figure 1-10: Underground Infrastructure Layout 

1.8.4 Underground Mining 

Underground mining will be performed in continuation of the open pit operation. A 

trade-off study of alternative underground mining methods has been performed and the 

shortlist as shown in Table 1-6 below compiled.  

Table 1-6: Mining Methods Shortlist for Engebø 

Mining Method 
Applicable to 

Engebø 
Rationale for Applicability 

Sub-level Open Stoping Yes 
Low cost mining and highly productive and 
flexible  

Sub-level Long Hole Open 
Stoping 

Yes 
Low cost mining, highly productive and flexible; 
modern drilling technology will most likely make 
it cheaper than sub-level open stoping 

Vertical Crater Retreat No 
Highly constrained by sequence, but can be 
used to minimise development in waste 

Cut and Fill No High cost of mining with backfill 

Sub-level Caving  No 
No surface subsidence permitted, high upfront 
development capital 

Block Caving No 
No surface subsidence permitted, high upfront 
capital and long development time 

Room and Pillar Yes 
Flexible mining, highly mechanised, medium to 
high productivity  

Shrinkage Stoping No Low productivity and unsafe 
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Long hole open stoping was selected as the recommended mining method, primarily 

because it utilises the favourable geotechnical conditions and latest technology and, 

therefore, will have the lowest operating cost of the three potential methods identified. 

The underground mine has been designed around the use of long hole open stoping 

whilst taking into consideration: 

• The provincial road tunnel running through the deposit and the geotechnical 

constraints associated with it 

• The geotechnical considerations, as specified by the geotechnical consultants, 

including boundary pillars around the pit and the fjord, and the recommended stope, 

pillar and sill dimensions 

• The different ore types and grades available. 

Underground access is from the pit in time to develop the decline, ramp and first level of 

stopes as shown in Figure 1-11 below. Ore handling is carried out in a similar manner to 

the open-pit with an ore pass down to a belt level which feeds the crushers. 

 

Figure 1-11: Decline Development and Ore Development 

1.8.5 Plant Capacity Analysis 

The objective of the capacity analysis study was to determine the project capacity range 

that delivered the most robust business case. Various aspects that influence the outcome 

of the business case were simulated as the PFS matured. The capacity analysis studies 

have a high degree of knowledge about variations in ore types and support a business 

case where the initial capacity of 1.5 Mtpa was chosen for the mining of ferro-eclogite 
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only. The business case secures a suitable start-up and provides several possibilities for 

expansions in capacity and ore types as the project evolves. 

A full description of the various processes through to the chosen capacity is given in 

Section 12.8. 

1.9 Mineral Resource Estimate 

In 2008, Nordic Mining assigned the independent Qualified Person, Adam Wheeler to 

make an updated resource estimation for the Engebø deposit in accordance with the 

guidelines of the JORC Code. The resource estimate was published in a scoping study 

and is summarised in Table 1-7 below. 

Table 1-7: 2008 Resource Estimate (@ 3% TiO2 Cut-off) 

2008 Estimate Tonnes (Mt) TiO2 Grade (%) 

Indicated 31.7 3.77 

Inferred 122.6 3.75 

 

The mineral resource estimate for Engebø was updated in 2016 by Mr. Wheeler following 

completion of a diamond drilling and surface sampling campaign. The estimate 

substantially improved and increased the 2008 classification and enabled a qualified 

quantification of the garnet. The 2016 resource estimate, as shown in Table 1-8 and 

Table 1-9 below, is the basis for the PFS, as well as the Mineral Resource and Ore 

Reserve Statements made in this report.  

A third party independent review of the mineral resource estimate has been carried out by 

SRK Consulting (UK) Limited (SRK) in December 2016. SRK concluded that the mineral 

resource estimate did not contain any fatal flaws and that the geological model produced 

for use in this PFS was fit for purpose. 

Table 1-8: 2016 Mineral Resource Estimate (3% TiO2 Cut-off) 

TiO2  
Cut-off 

Classification 
Tonnes 

(Mt) 
Total TiO2 

(%) 
Garnet 

(%) 

3% 

Measured 15.0 3.97 44.6 

Indicated 77.5 3.87 43.6 

Total – Measured and Indicated 92.5 3.89 43.7 

Inferred 138.4 3.86 43.5 

Table 1-9: 2016 Mineral Resource Statement (2% TiO2 Cut-off) 

TiO2 

Cut-off 
Classification 

Tonnes 
(Mt) 

Total TiO2 (%) 
Garnet 

(%) 

2% 

Measured 19.0 3.68 43.9 

Indicated 105.7 3.51 43.0 

Total – Measured and Indicated 124.7 3.53 43.2 

Inferred 254.5 3.22 42.5 
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Notes: 

• Grades presented above are total TiO2 

• Resource below sea level has been restricted by a boundary no closer than 50 m to 

the edge of the fjord 

• Above Mineral Resources are inclusive of Ore Reserves. 

At present, the Ore Reserve is defined with a 3% cut-off. The 2% cut-off includes ferro- 

and transitional-eclogite and has been included to facilitate the investigation of mining and 

processing options. The transitional-eclogite represents a potential future ore reserve. All 

leuco-eclogite (<2% TiO2) has been excluded from the resource.  

The resource remains open to the east, west and at depth, with potential to convert 

Inferred resources to Measured and Indicated Resources with additional drilling. 

The updated resource delineates the garnet at an average grade of 43.7%. 

The 2016 drilling and surface sampling campaign focused on the open pit area as 

indicated by the red drillholes in Figure 1-12 below, with most of the increases in the 

Resource Estimate occurring in the open pit.  

The garnet content is 40% to 50% in the ferro-eclogite and transitional-eclogite, and 30% 

to 40% in the leuco-eclogite. 

 

Figure 1-12: West-East Long Section of Drillhole Data 

1.10 Ore Reserve Estimate 

The ore reserve for the mine plan was estimated and qualified by Mr. Wheeler. The Ore 

Reserve Statement is presented in Table 1-10 below. The reserve estimation was carried 

out using Datamine and DESWIK software. 
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Table 1-10: Ore Reserve Statement 

Ore Type 
Proven Reserves Probable Reserves 

M Tonnes 
TiO2 

% 
Garnet 

% 
M Tonnes 

TiO2 

% 
Garnet 

% 

Ferro Ore - Open Pit 8.519 3.87 43.8 13.826 3.54 41.8 

Ferro Ore - Underground 1.675 3.49 37.8 17.876 3.21 37.8 

Ferro Ore - Total 10.194 3.81 43.4 31.702 3.35 39.5 

 

The basis of conversion of Mineral Resources to Ore Reserves is as follows: 

• Ore Reserve estimate is as of 30 September 2017 

• Only Measured and Indicated Resources have been used to determine reserves; all 

Inferred Resources within the mineable envelope have been classified as waste 

• Open pit mining is carried out for the first 16 years; thereafter the mining method is 

bulk underground mining (long hole open stoping)  

• The open pit mine design is based on the recommendations of the geotechnical 

consultants for all pit design parameters 

• The underground mine design is based on recommendations of the geotechnical 

consultants, assuming 100 m-long stopes, 45 m wide and 60 m high, with continuous 

pillars 20 m wide between stopes and sills 15 m thick above and below the stopes 

• The garnet grades as reported above were not used to determine the final product 

volumes for garnet. Instead, a yield approach was used, which was considered to be 

more applicable for determining recoveries of a bulk mineral such as garnet. The 

yield approach assumed a yield of 17.5% garnet for ferro ore 

• A rutile recovery of 58.5% was assumed 

• A cut-off of 3% on TiO2 has been applied to ferro ore 

• Ore losses of 5% have been assumed throughout the mine plan 

• Dilution of 4% for open pit and 6% for underground has been applied with a dilution 

grade of 0% for rutile and garnet. 
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1.11 Infrastructure 

The Project’s infrastructure includes open pit mine facilities, a haul road, underground 

mine facilities, process plant facilities, tailings disposal facilities and infrastructure (power, 

water, gas, access roads and communications). 

The open pit mine facilities include a security fence, offices, preparation of the platform for 

a heavy vehicle service area and an LDV workshop, a haul road to the waste rock storage 

facility, a waste rock facility, agri-soil and subsoil stockpiles, a settling dam and a 

domestic and industrial waste site. 

A new haul road will be constructed from the Fv 611 county road up to the open pit. The 

haul road will be a new construction, following the route of the existing gravel access road 

to the top of Engebø for part of its route. 

Underground mine facilities will be built in two phases to support open pit mining from the 

start of production and underground mining once the open pit has been mined out. To 

support open pit mining, open pit dewatering facilities will be installed and underground 

excavations will be built, which include a glory hole plus grizzly arrangement in the pit, a 

primary crusher and crusher chamber, a silo and ore reclaim system, top and bottom 

access to the silo system, an ore conveyor belt from the silo reclaim system to the plant 

site, and a second egress from the top of the silo system to the plant site. For 

underground mining, a new ore pass (underground glory hole) and primary crusher 

chamber and crusher will be constructed to the east of the main underground mining 

areas. The crusher chamber will be connected to the existing silos and reclaim system by 

means of an underground conveyor belt system; electrical installations to support 

underground mining include switchgear, substations, cabling and transformers. 

The process plant site facilities include water storage and process water reticulation 

facilities, natural gas storage facilities, compressed air systems, dust and off-gas handling 

systems, potable water and sewage treatment plants, fire protection and HVAC (Heating, 

Ventilation and Air Conditioning) systems, security fencing around the site, and an 

upgrade/rejuvenation of the existing quay. Administration and support buildings to be built 

at the process plant site include an administration office building, a process plant control 

room building, a change house, ablution and canteen building, a first aid building, and 

process plant laboratory and stores buildings. 

A sea disposal system for tailings will be installed consisting of a mixing tank, where 

seawater is added to tailings, and an outfall line which transports the seawater/tailings 

mix via a gravity driven system to the seafloor. Equipment for continuous monitoring of 

the discharge system will be a part of the tailings disposal system. 

Bulk power for the Project will be supplied by SFE, the regional power supply company. 

By upgrading the existing 22 kV grid, a new 22 kV grid line across the fjord and additional 

grid reinforcements, SFE will have sufficient grid capacity and reliability for the Project. 

The power intake transformers at Engebø will be supplied by SFE. 

Bulk water supply for the Project will be purchased from SFE and will be sourced in a 

dedicated pipeline from the Skorven power plant, situated at the southern side of the 

fjord.  
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Natural gas for the Project will be supplied by a local gas supplier. An area has been 

located on the overall site layout for gas storage tanks and the supplier will transport gas 

to site by road regularly. 

The main county road (Fv 611) providing access to the Engebø site will be diverted 

around the process plant facility. 

For communications to site, it is envisaged that at the time of project implementation a 5G 

communication link will be available at the Engebø site. Facilities will be installed on site 

to ensure effective communications from the incoming 5G connection. 

1.12 Environment and Permitting 

Nordic Mining’s overarching principle when operating the Engebø deposit is to adopt a 

good citizen approach and demonstrate that it can plan, build and operate Engebø in a 

manner that:  

• Demonstrates environmental responsibility and adheres to the environmental terms of 

the permits and approvals requirements 

• Continuously improves the environmental track record 

• Commits to a sustainable long-term mining operation that will benefit the community. 
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1.12.1 Zoning Plan and Discharge Permit  

The regulatory setting for the Project is driven by two key legislative requirements for 

Nordic Mining to establish a mining and processing operation at Engebø, namely the 

discharge permit and the zoning plan (planning permit). Both requirements have been 

fully met and the initiative is compliant with Norwegian environmental legislation.  

The zoning plan was adopted by the local municipalities in 2011 and finally approved by 

the Ministry of Local Government and Modernisation on 17 April 2015. The zoning plan 

allows for, and provides guidelines on, the operation of the following activities: 

• The processing site at Engebø 

• The extraction of rock mass in open pit production and underground mining 

• The service area at Engebø 

• The waste rock disposal site in Engjabødalen 

• Subsea area, tailings deposition in the Førde Fjord 

• The works road running between the deposit and the processing plant 

• The rerouting of county road Fv 611 

• The rerouting of a 22 KV power line and the stringing of a new cable between the 

plant area and the deposit. 

A final discharge permit for Engebø was issued on 29 September 2016. The discharge 

permit clearly states how the mining operation and the tailings depositing for the Project 

should be run and regulates areas such as:  

• Dust and sound emission 

• Mining, processing and blasting activity 

• Tailings deposition 

• Requirements for monitoring environmental footprints 

• Requirements for environmental baseline studies. 

The regulatory framework ensures that measures are put in place to minimise the 

environmental impact. 

1.12.2 Environmental Impact Assessment 

To obtain the discharge permit and zoning plan, a comprehensive Environmental Impact 

Assessment (EIA) programme with numerous environmental studies has been carried out 

between 2008 and 2015. Forty-four environmental and social responsibility 

studies/reports have been developed to date over the life of the Project. 
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A major topic for the EIA was the deposition of tailings. The permitted solution is a sea 

disposal system for transporting tailings through a pipeline down to the seafloor of the 

Førde Fjord, at a depth of 320 m. The fjord basin is a sedimentation environment confined 

by thresholds to the inner part of the fjord and by a glaciation sill to open sea. A 4.4 km2 

area of the fjord seafloor has been regulated for tailings deposition.  

Detailed baseline studies were carried out to map the biodiversity in the fjord; this 

included test fishing, grab sampling and remotely operated vehicle (ROV) investigations. 

Currents, salinity, turbidity and temperature were measured in the fjord throughout a 

12- month period to document the fjord environment.  

The main conclusions regarding the fjord disposal solution from the EIA studies were: 

• The tailings will sediment within the area regulated for disposal, which comprises 5% 

of the total fjord area 

• The currents in the tailings area are moderate and there is limited risk of erosion 

currents that could potentially transport tailings outside the regulated area 

• Limited effects are expected outside the regulated area and in the water column 

above the tailings outlet 

• The tailings are benign, meaning they consist of non-harmful naturally occurring 

minerals with negligible contents of heavy metals 

• The chemical additives that follow the tailings from flotation and thickening are 

biodegradable and in non-harmful concentrations 

• The tailings consist of mainly sand and silt fractions and a little from the clay fraction; 

they are somewhat coarser than the sediments constituting the fjord bottom today 

• The baseline studies showed that the fjord habitat has biodiversity that is typical for 

western Norwegian fjords 

• There are no corals found in the tailings area 

• The tailings deposits pose little threat to cod which have their breeding grounds in 

shallow fjord areas 

• The tailings solution poses little threat to endangered fish that dwell in the fjord 

• The tailings will affect bottom living organisms within the regulated area where the 

sedimentation rate is high. Mobile species such as fish will avoid areas with high 

turbidity 

• The tailings will likely be recolonised within a few years after the tailings deposition 

ends. The biodiversity is expected to return to as good a state as it was before the 

depositing took place 

• The fjord has no commercial fishing, but some recreational fishing. The tailings will 

not affect recreational fishing in the fjord 

• The tailings will not affect fish farms that are operated in the fjord. 
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Norway has long-term experience with sea disposal of tailings. Currently there are five 

active tailings deposits in Norway and two (including Engebø) have recently been 

permitted. Experience with fjord deposition in Norway is, for the most part, positive. 

Advanced systems for continuous monitoring exist and there are established best practise 

guidelines for tailings deposition to limit the environmental footprint. 

1.12.3 Socio-economic Studies  

The social consequences of the planned mining activities have been assessed as part of 

the EIA. The EIA concludes that the Project will have positive effects on the local 

settlements as well as the local business community. The location of the Project, close to 

the cities of Førde and Florø, makes it attractive for the recruitment of local labour. Based 

on assumptions regarding local settlement for future employees, the study concludes that 

that the Project will have significant positive consequence for the economy of the 

Naustdal municipality. 

It is expected that the regional contributions to the capital investments may represent up 

to 17%. It is estimated that during operation the local region will represent approximately 

17% of regular supply and services, based on statistics from other mining industries in 

Norway. The direct and indirect employments from the Project are estimated to be 

approximately 110 direct employees with an indirect employment factor of 2.9. The 

Project is, therefore, likely to generate approximately 320 jobs in total, of which 60 to 90 

will be indirect employees in the local region. Due to historic imbalances in the local 

labour market, relocation and commuting of the workforce has been a significant factor in 

the local region. The study indicates that the Project will have a positive impact on local 

settlement and the commuting trend. 

1.12.4 Other Permits Required 

Nordic Mining will need to apply to the Directorate of Mining for an operating license upon 

commencement of operations. 

1.13 Capital Cost Estimate 

The capital estimate to establish the open pit mining operation and the process plant is 

US$ 207 M, as summarised in Table 1-11 below. 
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Table 1-11: Capital Estimate 

Capital Estimate US$ M 

Open Pit Mining 10.027 

Comminution 16.802 

Mineral Processing 61.573 

Tailings Handling and Disposal 7.045 

Product Storage and Loadout Facilities 13.108 

Infrastructure 22.565 

Indirects (excluding contingency) 41.862 

Contingency 34.194 

Total 207.176 

 

The estimated cost of establishing the underground mine after 15 years of open pit 

operation is US$ 17 M (in current money terms), as summarised in Table 1-12 below. 

Table 1-12: Deferred Capital Estimate for Underground Mining 

Deferred Capital Estimate – Underground Mining US$ M 

Underground Mining 7.833 

Comminution 2.970 

Indirects (excluding contingency) 2.747 

Contingency 3.381 

Total 16.931 

 

The contingency allowances in the above capital estimates has been calculated by 

means of a quantitative risk analysis (QRA) to determine the Project’s capital risk profile. 

Contingency at an 80% confidence level has been allowed for, equating to 19.8% of the 

initial project capital cost. 

The above estimates exclude taxes (general sales tax, fringe benefits tax, sales tax, and 

any government levies and taxes), working capital, sustaining capital and Stay in 

Business (SIB) capital. 

1.14 Operating Cost Estimate 

The operating cost estimate developed from the production schedule is summarised in 

Table 1-13 below. The total average operating cost over the Life of Mine is US$ 

16.28/RoM t and US$ 86.92/product t (rutile and garnet combined, Free on Board). 
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Table 1-13: Operating Cost Summary 

Item Unit Cost/t (US$) 

Open Pit - Waste Mining Waste tonne 1.89 

Open Pit - Ore Mining Ore tonne 1.82 

Underground Decline Development – Waste Mining Waste tonne 5.03 

Underground Decline Development – Ore Mining Ore tonne 3.28 

Underground Horizontal Development – Waste Mining Waste tonne 5.27 

Underground Horizontal Development – Ore Mining Ore tonne 4.59 

Underground Stoping – Waste Mining Waste tonne 3.67 

Underground Stoping – Ore Mining Ore tonne 2.93 

Comminution ROM tonne 3.93 

Process ROM tonne 5.39 

Tailings Disposal ROM tonne 0.17 

Product Dispatch ROM tonne 0.33 

Overheads ROM tonne 1.36 

Total Cost  ROM tonne 16.28 

Total Cost * Sales tonne 86.92 

* Cost per Sales tonne reflects cost for all sales tonnes (garnet and rutile combined) 

1.15 Project Economics 

1.15.1 Key Project Financials 

The key financials for the Project’s business case are summarised in Table 1-14 below. 

The NPV of US$ 332 M is a real pre-tax value discounted by 8%, which is the assumed 

Weighted Average Cost of Capital (WACC). The IRR of 23.8% is real with no escalations 

applied. The payback period is the number of periods once operations start that generate 

positive cashflow equal to the capital invested. The Life of Mine is the number of 

operating years for the reserve derived in line with the guidelines of the JORC Code. The 

profitability index is a ratio of the NPV divided by the capital discounted to a present value 

using a WACC value of 8%. 

Table 1-14: Key Project Financials  

Metric Unit Value 

NPV @ 8% US$ M 332 

IRR % 23.8% 

Payback Period years 4.1 

Life of Mine years 29 

Profitability Index ratio 3.1 
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The post-tax key financials have been calculated using a post-tax WACC of 6.8%. A post-

tax NPV of US$ 305 M and an IRR of 20.8% are estimated assuming a 60% debt 

financing of the Project and general implementation of accounting standards for 

depreciation and tax calculation.  

There are upside potentials in the business case related to, inter alia: 

• Expanding the Run of Mine throughput to enable increased product sales 

• Extending the Life of Mine through increased ore reserves from Inferred Resources 

• Selling surplus garnet produced in the first years of production. 

The above initiatives may offer a 40% improvement in the NPV8 up to US$ 465 M. 

In addition to the ferro-eclogite which is basis for the Project, the Engebø deposit also 

contains lower grade eclogite. Possible utilisation of the trans-eclogite may offer flexibility 

and potential upside to the Life of Mine which possibly could be investigated at a later 

stage. 

1.15.2 Sensitivity 

Figure 1-13 below illustrates that the NPV is positively correlated to rutile revenue and 

garnet revenue, and negatively to CAPEX and OPEX. Garnet revenue has a larger 

influence than rutile. OPEX has a slightly larger influence on NPV than CAPEX. 

 

Figure 1-13: NPV Sensitivity 

1.16 Markets 

1.16.1 Rutile 

The key minerals mined to supply titanium raw materials are ilmenite and rutile; Engebø 

plans to produce rutile. The global TiO2 pigment market accounts for approximately 90% 

of all titanium feedstock demand, and is, therefore, the dominant driver of offtake. 
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TZMI, a leading global technical and marketing consultant, considers that the longer-term 

outlook for rutile production indicates that a significant supply deficit will develop if no new 

projects are commissioned. The global supply of rutile is set to decline considerably 

during the period 2017 to 2025, with output in 2025 expected to be 50% lower than 2016 

levels. 

Prices of rutile shipments into western markets are generally in the range US$ 750/t to 

US$ 850/t FOB at the current time (second half of 2017). In the longer term, TZMI 

expects prices to trend towards the inducement price level (US$ 1,070/t real 2016 dollars) 

by 2020/2021, along with other high-grade chloride feedstocks, to ensure there is 

sufficient new supply being induced to meet demand growth. 

TZMI has used the preliminary product specifications generated during the PFS testwork 

campaign as a basis for assessing the Engebø rutile product quality. The preliminary 

quality of the rutile compares favourably to most other competing products. Based on 

product quality and particle size distribution, the Engebø rutile is considered being a 

suitable feedstock for chloride pigment and titanium metal applications.  

Global demand for rutile for pigment and titanium metal end-use is estimated to reach 

540 k TiO2 units by 2020 and 710 k TiO2 units by 2025. TZMI’s current forecast indicates 

that supply deficit of the global rutile market could reach more than 250 k TiO2 units by 

2020 and 600 k TiO2 units by 2025. As such, the planned output of approximately 30 ktpa 

from Engebø should easily be absorbed by the market by the time the Project comes on 

stream. 

From a pricing perspective, TZMI estimates that the planned rutile product should be able 

to achieve the long-term price of a standard rutile (US$ 1,070/t FOB real 2016 dollars) if 

targeted at chloride pigment or as a feed for titanium sponge manufacture. US$ 1,070/t 

FOB has been used as the basis for financial evaluation in this study. 

From a rutile revenue-to-cash-cost perspective, a primary measure of competitiveness 

used by TZMI for individual operations in the industry, the Engebø Project is positioned in 

the first quartile, which indicates a robust cost position. 

1.16.2 Garnet 

The primary markets for garnet are in abrasive blasting and waterjet cutting, although for 

some coarse grades there is also a market in water filtration. There is also a market in 

abrasion resistant materials such as in flooring, but this market is primarily restricted to 

China at the current time.  

Whilst titanium feedstock production including rutile has developed in line with global 

economic growth ore many decades, garnet production has primarily developed over the 

last 20 to 25 years. The current world production of garnet is estimated at 1.4 Mtpa; India 

is the largest producer (estimated production is 450 ktpa to 500 ktpa); with Australia being 

the next largest producer at an estimated 280 ktpa production level. China is the third 

significant producer at an estimated 200 ktpa to 300 ktpa output. In line with the country 

production statistics, India and Australia are the primary exporters to world markets at 

estimated levels of 478 ktpa and 293 ktpa respectively. 
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Logistics is an important element of garnet marketing, with deliveries often expected 

within a few days of order. In this regard Engebø is very well placed with its direct access 

to the North Sea and, thereafter, major European waterways, resulting in lower transport 

costs and reduced time to market relative to the key global producers in India, Australia 

and China. 

The three garnet products which Engebø will target are 80 mesh waterjet, 100 mesh 

waterjet and 30/60 mesh blast market. Whilst there are no terminal markets for garnet 

and no reliable published prices for products, average price trends show a clear uptrend 

from 2008 onwards. Shortages of supply from India at the current time continue to 

support higher prices, and TAK expects garnet prices in Europe going forward to average 

US$ 275/t to US$ 300/t on a CIF (Cost, Insurance and Freight basis) for an 80 or a 100 

Mesh material range and US$ 300/t to US$ 320/t for 30/60 mesh grades. For the 

purposes of financial evaluation in this study, an FOB garnet basket price of US$ 250/t 

has been assumed. This number is in line with expected export prices as shown above, 

but assumes that some recovery in the growth rates of global economies will occur. The 

US$ 250/t price is based on an average price for the three products which Engebø is 

expected to produce in approximately equal volumes. 

Nordic Mining has signed a Memorandum of Understanding with a leading, international 

producer of industrial minerals. The parties intend to establish long-term cooperation 

within development, production, sales, marketing and distribution of garnet products from 

Engebø. This may include an off-take agreement, joint marketing, and sales and 

distribution arrangements for garnet products to the international markets. 

1.17 Project Schedule 

A high-level Definitive Feasibility Study (DFS) schedule has been developed based on 

start in November 2017 with a duration of approximately 12 months. Thereafter, it is likely 

that the Project will proceed directly into a FEED (Front End Engineering Design) phase, 

where critical path engineering and procurement work will be continued to expedite the 

start of construction.  

Once the DFS has been completed in Q4 2018, the following preliminary and indicative 

milestones apply:  

• Start of FEED – Q4 2018 

• Completion of FEED – Q2 2019 

• Start of construction – Q2 2019 

• End of construction – Q2 2021 

• Start of commissioning and production ramp-up – Q2 2021 

• End of commissioning – Q3 2021 

• End of production ramp-up – Q4 2021. 


