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FOREWORD
Keliber Oy has assigned Sweco Industry Oy to prepare a preliminary feasibility study for the lithium
mining and production plant project in Finland at municipality of Kaustinen.
The final outcome of the report is to provide the operating and the capital cost estimates for the
open pit mines and lithium carbonate production plant with accuracy of +/- 30 %. The data have
been originated from the documents provided by Keliber Oy and other sources. According to
completed economic analysis and the results received, the project is viable. It is justified to develop
the project into the next development phase and preparation of a bankable feasibility study.
The geological information has been provided by Esa Sandberg who is currently working as chief
geologist at Keliber Oy. Pekka Lóven and Markku Meriläinen (Outotec Finland Oy) have prepared
resource and reserve estimates as qualified persons. Outotec has been responsible on process
tests related to the production of lithium carbonate from the spodumene concentrate samples.
GTK Mintec at Outokumpu (Geological Survey of Finland) conducted mineral processing test
program to produce spodumene concentrate from the spodumene pegmatite ore bulk samples.
Based on the completed programs above, Outotec has provided the preliminary design of the
technology package for the lithium production. The technology package includes the material
balances, process flow diagrams, equipment lists, price estimates and process descriptions for the
selected unit processes.
Sweco completed the required production facilities and infrastructure to the lithium project. The
works completed included the following main items:
· Re-evaluating the mine site infrastructure and updating the layout from the earlier plans
· Preparation of the overall site layout and plant design
· Crushing plant technical specifications and infrastructure development
· Preliminary engineering for the buildings, earthworks and tailing storage facilities
· Preliminary engineering of the auxiliary processes, storages and utilities
· Instrumentation, automation and electricity estimates
· Operating and capital cost estimates for the project
· Economic analysis
· Compiling the preliminary feasibility study report
Sweco Industry Oy is one of the Europe’s leading specialist in industrial project management,
engineering and design. The project team consist of several specialists in the different technical
disciplines having a lot of work experience from the industrial projects and operations within mining
and chemical industries. Sweco personnel responsible for the report preparation has visited
Kalavesi and planned mine sites during the project. The preparation of completed report has been
conducted with high professional practices and with best information available at this phase of the
project.

Helsinki, 14th March 2016
Sweco Industry Oy
Chemical and Mining Industry

Tomi Keskinen
Business unit Director
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REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

Geological Survey of Finland
Degree
Degree Celsium
Micrometre
Gauge Pressure
Beryllium Oxide
Bankable Feasibility Study
Calsium Hydroxide
Capital Expense
Closed-Circuit Television
Combined Power and Heat
Carbon Dioxide
Competent Person
Distributed Control System
Digital Direct Control
Demineralized Water
Dense Media Separator
Environmental Impact Assessment
Centre for Economic Development, Transport and the Environment
Grams per Metric Tonne
Billion Years
Sulphuric Acid
Hypochloric Acid
High Density Polyethylene
High Pressure
Heating, Ventilation and Air Conditioning
Inductively Coupled Plasma - Mass Spectroscopy
Inductively Coupled Plasma - Optical Emission Spectroscopy
Internal Rate of Return
Ion Exchange
The Joint Ore Reserves Committee
Kilotonne
Kilovolt
Kilowatt
Kilowatt-hour per Metric Tonne
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1

EXECUTIVE SUMMARY

1.1

Economic Analysis
Keliber’s lithium project, with current assumptions and knowledge, is clearly profitable. The prefeasibility study was carried out to verify the viability of the lithium project. In the study, the
accuracy of the estimation is ± 30 %.
Originally, the study was to estimate the profitability for the production of ca. 6000 t /a lithium
carbonate with the feed of 275 000 t/a ore. A possibly more profitable alternative was recognized.
Using 400 000 t ore per year to produce ca. 9000 t/a lithium carbonate was evaluated to verify the
profitability of the capacity increase. In order to inspect the financial effects of the increased capacity,
rudimentary what-if –calculations were carried out. Well and truly, the capacity increase made the
project more profitable. For instance, internal rate of return (IRR) grew from 13 % to 21 %.
All the financial figures strongly support the continuation of the lithium project to the bankable
feasibility study –stage. The comparison between the production of 6 000 t/a and 9 000 t/a lithium
carbonate points out that the increased capacity -scenario should be used in bankable feasibility
study. The economic results of the both capacity levels are presented in the table 1-1 below.
Table 1-1. Key Financial Figures

Key Financial Figures

Li2CO3 production
6000 t/a

Li2CO3 production
9000 t/a

Plant capacity, ore feed [t/a]

275 000

400 000

Basic investment [M€]

152

164

Operative time [years]

16.2

11.2

Sales [M€]

865

800

Break-even month

2026/01

2022/11

Return on investment (ROI)

105 %

100 %

Net present value (NPV) @ 8 % [M€]

51

97

Internal rate of return (IRR)

13 %

21 %

Note!

The sales decrease in the increased capacity –scenario results from the lithium
price forecast. The prices are expected to rise in the course of the years
significantly. With higher capacity, Keliber might not be able to take pleasure of the
forecast increase of the lithium carbonate price towards the end of the 2020’s.

The results are consistent; all the financial figures are positive. Sensitivity analyses do not show
any immediate threats to the profitability. The major profitability risk is the exchange rate between
USD and Euro. If the exchange rate of USD would deteriorate to the level 1.00 € = 1.50 $, the
lithium project would be only narrowly profitable. If lithium prices halve, the lithium project would
become unprofitable.
The profitability difference between the production capacities is significant. The difference is
illustrated on the next page in the figures 1-1 and 1-2. The first figure points out the shortened payback period of producing 9000 t/a lithium carbonate. The second figure shows very clearly the
financial superiority of the increased capacity. The second figure also shows sensitivity analyses
towards changes in 1) the exchange rate between USD and Euro, 2) Li2CO3 price, 3) the
production volume of the lithium carbonate, and 4) the value of the basic investment.
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Figure 1-1. Comparison of Sales and Cash Flows

Figure 1-2. Combined Sensitivity Analyses
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1.2

Capital and Operating Expenditure Estimates
Keliber is a junior mining company and does not have another active project. Therefore, all the
Keliber’s costs are actually costs of the lithium project. For example, Keliber’s general costs are
included in capital expenditures (CAPEX).
The estimates of capital (CAPEX) and operating (OPEX) expenditures are presented in their
respective tables below for producing ca. 6000 t /a lithium carbonate with the feed of 275 000 t/a
ore.
Table 1-2. Capital Expenditures (CAPEX)

Capital Expenditures
(CAPEX)

Item

Keliber

Bankable feasibility study

Pits

Plant

28.2

General management

15.4

Working capital (6 months)

8.2

Syväjärvi

4.5

Länttä

3.3

Rapasaari

6.4

Outovesi

2.8

Project management and engineering

16.4

Area and infrastructure

37.8
9.3

Concentrating

10.8

Leaching process

41.6

Common process investments

11.3

Laboratory

2.6

Facilities

1.3

Test runs and start-up

1.6

Elevation of tailing dams
Mining sites and plant area

Total
Note!

3.4

Company general costs

Crushing

Rehabilitation

[M€]

12.2
3.8
220.9

Previously presented “Basic investment” (152 M€) comprises of:
- 50 % of bankable feasibility study (1.7 M€)
- Plant investment excluding the elevation of the tailing dams (132.7 M€)
- Investments of the first mining site (Syväjärvi: 4.5 M€)
- Working capital for 6 months (8.2 M€)
- General costs and general management costs before start-up (4.9 M€)

Keliber anticipates to do all the investments after the “Basic investment” upon income financing.
For example, the elevation of the tailing dams (12.2 M€) will take place during the year 2025, but
it will not make Keliber’s net cash flow negative.
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The major capital risk is the length of start-up and ramp-up periods. If they take much longer than
expected, Keliber will face liquidity problems. The major scheduling risk is involved in
environmental permits. If Keliber does not received the permits in time, it would cause delays and
increase the need of working capital.
Table 1-3. Operating Expenditures (OPEX)

Operating Expenditures
(OPEX)

Item

Mining

Land owners’ compensations

0.9

Overburden

7.4

Mining waste

97.3

Mining ore

25.2

Ore transport to plant

16.2

Plant, production

Plant, maintenance

Total

[M€]

Labour

6.8

Miscellaneous

2.8

Labour

43.4

Chemicals

67.1

Energy

28.5

Miscellaneous

13.9

Labour

10.4

Expenses of equipment, material and services

61.0
380.9

Major threats to overrun the operating expenditures are 1) quantity and prices of waste mining and
transportation to dump, 2) prices of most important chemicals (sodium carbonate, Na2CO3 and
sodium hydroxide, NaOH), and 3) energy prices. If their prices do not become catastrophically
much expensive, like double or triple, they do not endanger the profitability of the lithium project.

1.3

Market Studies
Keliber has signed a Letter of Intent (“LOI”) with an international chemical producer with a focus
on lithium chemicals. Inherently, the LOI is a statement of intention to cooperate in good faith in
specified areas of mutual interest.
The parties intend to establish a technical and commercial cooperation to evaluate lithium products
and marketing strategies based on Keliber’s planned production in Finland. The parties are also
interested in the possibility that Keliber could be a lithium raw material provider for party in the near
future.
Furthermore, Keliber acquired a market study to support the pre-feasibility study. Keliber mandated
an experienced independent lithium market consultant signumBOX Inteligencia de Mercados
(“signumBOX”) to perform lithium market study primarily focusing on lithium carbonate. The market
study, “Lithium Market Evaluation 2015 - 2030”, was completed and delivered to Keliber by
signumBOX in November 2015.
The battery market represented the largest user of the lithium in 2015, with 38 % of overall
consumption. Lubricating greases market was the second largest consumer of lithium with 13 %.
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Frits and enamels was third with 12 % of overall consumption. The total demand of lithium was
estimated to be 159 700 tons of lithium carbonate equivalent (“LCE”) in 2015.
SignumBOX estimated that the demand of lithium will reach 473 000 tons (LCE) by annual growth
rate of 7.4 % in 2030 (basic scenario). The main driver for the growth is the increasing use of
lithium in larger batteries. Also the demand of lithium for the portable devices (e.g. smartphones,
laptops and tablets) is predicted to continue to grow. In 2030 the use of lithium in the batteries of
electric and hybrid vehicles is predicted to be 145 300 tons (LCE) and in batteries of the portable
devices 126 000 tons (LCE).
Lithium carbonate is the most important lithium chemical compound representing about 42 % of
total lithium demand. Lithium hydroxide represents about 20 % of the total demand. The main
applications of lithium carbonate are batteries (66 %) and frits and glass (24 %). Lithium carbonate
and lithium hydroxide demands are forecast to increase significantly due to their use in the
production of battery chemicals. The demand for other lithium compounds is expected to grow at
lower rate.
The technical grade lithium carbonate (min. 95 % Li2CO3) is sold at a lower price. The battery
grade lithium carbonate (min. 99.5 % Li2CO3) is used as raw material in cathodes of lithium ion
batteries. The battery grade lithium carbonate has a price premium, approximately 20 % - 30 %
over the technical grade. The price premium depends on product specifications. High purity lithium
carbonate (min. 99.9% Li2CO3) is used mostly in automotive battery industry. It is also used as a
raw material for other lithium compounds e.g. for medicine applications.
According to the signumBOX, the battery grade lithium carbonate (min. 99.5 % Li2CO3) price
ranged between 6800 - 7500 US$/t in November 2015. The high purity grade (min. 99.9 % Li2CO3)
was estimated to be about 8000 US$. Moreover, SignumBOX estimated that the battery grade
lithium carbonate (min. 99.5 % Li2CO3) and the high purity grade (min. 99.9 % Li2CO3) prices
would range between 10 000 - 11 000 US$ per ton by year 2030.
International lithium market has been very dynamic during the last months. We have witnessed
strong price increases in late 2015 and early 2016, especially in Chinese spot markets. Asian Metals
reported prices up to 21 341 - 22 866 US$ per ton for battery grade lithium carbonate (min. 99.5 %)
on 20 January, 2016.
However, even though these prices do not represent the entire lithium market, the elevated prices
are indicating the tightening supply of lithium carbonate. The latest pricing data of Industrial
Minerals (04 Feb 2016) of technical grade lithium carbonate (min 99.0-99.5% LiC2O3) in larger
contracts in US and Asia were 6500 - 7500 US$ per ton. The latest indicated prices are 8 - 15 %
higher than Industrial Minerals reported in November 2015.

1.4

Geology
The lithium project is located in Kaustinen-Kokkola area. The area belongs to the Pohjanmaa Schist
Belt in western Finland. The overburden consists of till with a mean thickness of about ten meters
and with a forest cover. Low-lying areas have a peat blanket with few small lakes and rivers. The
rock types within the Pohjanmaa Schist Belt are mica schists, intercalated with metavolcanic rocks
and surrounded by granitoids. The Belt hosts several rare element pegmatites cutting the volcanosedimentary rocks, making the area most potential area to discover pegmatites in Finland.
Kaustinen-Kokkola area has been explored from the late 1950`s first by Suomen Mineraali Oy
followed by Partek Oy to the 1980`s. During the last 15 years Geological Survey of Finland (GTK)
and Keliber have been active in the area. More than ten lithium pegmatite occurrences have been
discovered in the area. Moreover, there are more than 1000 recorded spodumene pegmatite
boulders, many of them found by unknown discoverers.
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Only the deposits with estimated measured and indicated resources are included in this report.
The following table contains the six deposits with drilling history and resources (only measured
and indicated).
Table 1-4. Drilling Summary and Resources

Deposit
Länttä
Syväjärvi
Rapasaari
Outovesi
Leviäkangas
Emmes
Total

Drill
Number
100
95
71
31
76
94
467

holes
m
9 067
8 114
8 489
2 613
7 566
9 999
45 847

Resources
Kt
1 347
1 530
1 811
283
190
820
5 981

% Li2O
1.06
1.35
1.25
1.40
1.13
1.40
1.26

Generally the maximum thickness of the spodumene pegmatite veins is 10 - 20 m and length 200
- 400 m. The drilling grid of the vein deposits is usually 40 x 40 m down to a depth of 100 m. They
are mostly open to depth, because underground resources have not been explored (except at
Emmes). The pegmatite veins are mostly parallel to geological bedding, but sometimes also
cutting the structures. Deposits contain one or several pegmatite veins.
The drill core logging, core cutting, specific gravity measurements and storing drill cores are carried
in Kaustinen by Keliber’s own personnel. Analyses (sodium peroxide fusion followed by ICP) have
been made by Labtium Oy in Finland for all the deposits. A QAQC procedure including both
reference samples and replicate (core duplicate) samples followed systematically the process
certifying that both accuracy and precision fulfilled acceptable industrial standards.
Extensive exploration of GTK and Keliber has adduced several drilled spodumene pegmatite veins
and even more boulder indications of undiscovered deposits. Good exploration results and a large
number of ore-grade spodumene pegmatite boulders with favorable geological structures indicate
excellent potential for additional outcropping pegmatite discoveries in the Kaustinen-Kokkola area.
Exploration and studies of deposits and their geological settings during the last ten years has
improved Keliber’s exploration methodology. Keliber’s knowledge in exploration is on the level that
enables successful exploration work in the future.

1.5

Mineral Resources, Ore Reserves and Mining
The mineral resource and ore reserve estimates comply with the JORC Code (the Australasian
Joint Ore Reserves Committee Code, 2012). The resources and reserves are estimated and
updated for the Syväjärvi, Rapasaari, Länttä and Outovesi deposits in December 2015. The
resource and reserve estimates were conducted in accordance JORC Code by Competent
Persons, Markku Meriläinen MAusIMM, MSc and Pekka Lovén MAusIMM (CP), MSc (Mining) from
Outotec Finland Oy.
Competent Persons, Mr Meriläinen and Mr Lovén obtained geological information and drill hole
database as Excel spreadsheets and reports from Keliber. Also, Mr Meriläinen and Lovén visited
all the deposit sites. The Competent Persons have not validated the database against the original
drill logs, but they have the opinion that the database integrity is good and sufficient for the purpose.
The resource outlines were constructed on cross sections at intervals of 10 - 50 m based on the
lithological and assayed intervals. Each of the resource wireframe was used as a hard boundary
for grade interpolation. The assay data was coded using the wireframes of the mineralized zones
to define the resource intersections. The intersection codes were used to extract samples for
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statistical analysis and for compositing the data for grade interpolation. Compositing of drill hole
samples was carried out in order to standardize the database for the further use in the grade
estimation. The step eliminates any effects relating to the sample length which may exist in the data.
The data sets show low coefficient of variation which indicates that there is no need for any top
cutting the high grade assays.
The resource block model was created using Surpac software. Inverse distance squared method
was used to interpolate the Li2O grades into the blocks. A minimum of 3 - 5 and a maximum of 20
composites were used to estimate the grades into the blocks. The block model validation includes
visual inspection and comparing the mean between the composited and estimated data. The visual
inspection did not show any unusual problems when compared with drill hole grade across
sections and statistical comparisons of global block mean and median grades and corresponding
assay and composite grades showed expected correlation.
According to Competent Persons, the main spodumene pegmatite vein is classified as indicated
mineral resource. The classification is based mainly on the drilling density and confirmed and
assumed continuity of the spodumene pegmatite veins.
The ore reserve is the portion of the mineral resource that has been identified as mineable within
a design pit. The ore reserve incorporates ore criteria such as mining recovery and waste rock
dilution. Keliber’s mining operations will consist of open pit mining only. No Inferred mineral
resources are used in the estimation of the ore reserve.
The ore reserves are estimated in a three-step process:
· Select an optimized open-pit shell to be used as the basis for the pit design
· Develop an operational pit design that incorporates benches, detailed pit slope criteria, and
truck haulage ramps
· Estimate the in-pit tonnage contained within the operational pit that meets or exceeds the cutoff criteria and subsequently apply the ore criteria (mining losses and dilution) to that tonnage.
The ore reserve estimates are based on the open pit optimization (floating cone algorithm) followed
by the open pit design of the highest “profit” pit shell.
The next step in the mineral reserve estimation process is to design an operational open pit that
would form the basis for the mine production plan. This pit is subdivided into mining phases for the
production scheduling, but these internal phases do not affect the ore reserve estimate contained
with the ultimate pit.
In order to estimate the ore reserves, mining losses and waste rock dilution has to be applied to
the tonnages and grade contained within the operational pit. The used ore loss is 5 % and waste
rock dilution 15 % for all the estimated reserves. The diluting waste material is assumed to be
totally barren. The ore reserves have been reported using the cut-off grade of 0.5 % Li2O. The
cut-off grade corresponds to the average operating cost of the project.
Table 1-5. Resources and Reserves

Deposit
Syväjärvi
Rapasaari
Länttä

Outovesi
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Resource
class
Indicated
Inferred
Indicated
Inferred
Measured
Indicated
Meas. + Ind.
Indicated

Tonnage
Mt
1.53
0.19
1.81
0.16
0.44
0.91
1.35
0.28

Li2O
%
1.35
1.32
1.25
1.30
1.10
1.04
1.06
1.40

Reserve
class
Probable

Tonnage
Mt
1.48

Li2O
%
1.19

Probable

1.75

1.09

Proven
Probable
Prov. + Prob.
Probable

0.47
0.54
1.01
0.25

0.95
0.93
0.94
1.20
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The proposed mining method for the project will be a conventional open-pit mine, with drilling,
blasting, loading and hauling of the ore and waste material. A mining contractor will be assigned
to operate the mines. Drilling and blasting of ore and waste rock will be required, while overburden
materials will be free digging.
The open pit mining methods are similar in all the deposits. Small variations will exist depending
on the pegmatite vein structure and width. Separation of ore and waste will be maximised in all
phases.
Keliber will carry out geological surveys, mine planning and site supervision, but a contractor will
do the rest. Most of time, the only Keliber’s employee at mining site is Ore Inspector. Ore Inspector
has the responsibility to check all the transportation loads to ensure that exclusively ore is
transported to Kalavesi production site.
Preliminary testing has been done to check if the Outotec-Tomra sorting system is able to
recognize differences between light colour spodumene ore and dark colour waste. The colour
sorting results have been clearly successful for this primary target. Next target will be to study if
sensors can detect the difference between altered low grade pegmatite from fresh pegmatite ore
and decrease the mill feed tonnage and increase the feed grade.

1.6

Mineral Processing and Metallurgical Testwork
In 2015 the metallurgical program for this pre-feasibility study was conducted by GTK Mintec and
Outotec. The program consist the mineral processing tests at GTK Mintec and lithium carbonate
production tests at Outotec. Two process options to the concentrator have been tested:
1) Spodumene concentrate production by combined flotation and dense media
separation. Columbite gravity concentrate is recovered by gravity concentration for
tantalum recovery.
2) Spodumene concentrate production by straight flotation and gravity concentration for
columbite concentrate recovery (tantalum).
Both processing models were capable of recovering between 86 % to 90 % of the Li2O depending
the feed grade and ore deposit. However, the straight flotation process has been selected as the
preferred option for lithium recovery. The approach results in simpler process and lower capital
investment cost. The disadvantage is that the average lithium recovery is estimated to be 2 - 3 %
lower than the concentrating process with dense media separation.
Outotec develops “pressure soda leach” –process to produce lithium carbonate from the
spodumene concentrate. The lithium carbonate production plant unit processes consists
spodumene calcining in rotary kiln (conversion), pressure leaching, bi-carbonation, polishing
filtration and ion exchange, Li2CO3 crystallization, lithium carbonate powder jet milling and packing
to big bags. Leach residue will be dewatered and delivered as a bulk analcime product. Excess
water and bleeds from the plant will be neutralized in effluent treatment unit with lime.
Process tests have confirmed the lithium recovery of 85.3 % to lithium carbonate product from the
spodumene concentrate for Länttä material. The preliminary tests with Syväjärvi ore have
confirmed over 95 % lithium yield into solution but not all process phases were tested.
The average grade of the lithium carbonate varied between 99.67-99.91 % within Länttä program.
The content of the major impurities fluctuated between 18 - 70 ppm for boron (B), 124 - 1040 ppm
for phosphorus (P) and 120 - 310 ppm for silicon (Si) in the assayed eight samples. Additional
process tests are still underway to support the project. The tests include optimisation of the flotation
and gravity concentration.
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1.7

Recovery Methods and Process Plant Design
Based on the metallurgical tests, Keliber selected a process which includes crushing and grinding
followed by gravity concentration and flotation. The produced spodumene flotation concentrate is
processed in downstream pressure soda leach process to produce lithium carbonate. By-products
are columbite (Nb and Ta) as gravity concentrate and analcime (leach residue). The company is
also seeking to sell prefloat concentrate and flotation tailings as products to other industry
branches to support the project economic. At the moment, there are no market studies to support
the viability of these product possibilities.
The level of instrumentation and automation has been selected to provide reliable control and
steady operation of the production process. A supervisory control and data acquisition (SCADA)
and distributed automation system (DCS) architecture is used for the plant-wide process control
system.
Raw water for Kalavesi site is pumped from the adjacent lake Iso Kalavesi and process water is
circulated from the process water pond aiming at the highest possible circulation rate.
The plant of Keliber lithium project is based on a robust design. The process is based on upon unit
operations that are well proven in industry and are intensively tested in the laboratory for lower
technical risk.
The key process design criteria for the original production volume (ca. 6000 t /a lithium carbonate):
· Spodumene concentrator is designed for a nominal capacity of 275 000 t/a and design
capacity of 350 000 t/a.
· Process tests show that Länttä ore is medium hardness with Bond ball mill work index 13.9
kwh/t
· Nominal throughput of the lithium carbonate plant is 63 000 t of the spodumene concentrate
with 10 % moisture content.
· Annual availability of the concentrator is 8000 hours (91.3 %) and 7500 hours (85.6 %) for the
lithium carbonate plant
· Level of automation planned to be relatively high in order to reduce complexity of the
operation
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1.8

Infrastructure
Keliber’s lithium project consist of surrounding open pit mines, spodumene concentrator, lithium
carbonate production plant and auxiliary plant infrastructure at Kalavesi site.
Major infrastructure consist the following items:
· Upgrading roads from mines to processing plant
· Electricity distribution in mining sites and in the plant area
· Infrastructure for ore receiving, crushing, concentrator and lithium carbonate production
· Pipebridges for pipelines
· Water treatment plant for process and demineralized water
· Raw water pumping station at lake Iso Kalavesi
· Metallurgical laboratory for mining and process samples at Kalavesi site
· Biomass-fuelled combined heat and power (CHP) –plant with auxiliary equipment
· Storages for the products
· Tailing storage facilities
· Two separate settling ponds for the prefloat fraction
The basic layout design origins from the preliminary design completed in 2007. Sweco engineered
a preliminary plant layout where locations of the production facilities were optimised. For the prefeasibility study, the preliminary designs from year 2007 were kept intact. In the bankable feasibility
study, the layout and infrastructure designs need updating.
There are some guiding principles in updating the site layout for BFS:
· All constructions and development work are prohibited at the old rubbish dump.
· Initiative capacity of the tailing ponds should to match the tailings volumes during the life
cycle of the plant.
· All the tailing fractions will be stored separately to have a better possibility to recycle any
tailings fractions.
Building and structure specifications are based on the preliminary site layout and preliminary
process building, water treatment plant and crushing plant layout. Other building and structure
specifications are based on the knowledge gathered from previous projects.
Ground floor elevation is estimated to be at +92.20 meters above sea level excluding separate
laboratory building and crushing plant. At the crushing plant the elevation is about one meter higher
than the general elevation of the plant.
Buildings are founded on the blast rock layer. The inner fillings are sand/gravel. All foundations
have a thick layer of crushed stone below them. Screws are used to install elements horizontally
to the columns. Bottom wall parts are concrete sandwich elements with insulation core.
Tailing storage facilities are located to east from the processing plant. The construction of the
tailing storage facilities will be executed in two phases in the original construction plan. The flotation
tailing dams will be heightened due time.
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Road Upgrades
The road connections between the mining sites and the plant need to be upgraded for the ore
transport. The distances of the recommended transport routes are following:
· Länttä
· Outovesi
· Syväjärvi and Rapasaari

24.7 km
21.0 km
18.2 km

Electricity
A local grid company is Korpelan Voima Oy. The company has monopoly in the electricity
distribution in the area. Korpelan Voima has tendered supplying electricity for the mining sites and
the plant.
Kalavesi site will be supplied by a double underground 20 kV power line coming from existing
substation located 4600 m away from the site. It is recommended to consider a single underground
45 kV power line to have more capacity and lower operative costs.
Länttä, Syväjärvi, Rapasaari and Outovesi will be supplied by an overhead 20 kV power line.
Korpelan Voima will build the connecting power lines to their existing power network and provide
the transformers to convert voltage to 400 V.
The feasibility calculations point out that it would be profitable to Keliber Oy to produce most of the
needed electricity in a CHP plant. The need of heat and electricity matches nicely to the CHP
design principles, the heat comprising 70-75 % of energy and electricity 25-30 %. The design
should prioritize the need of heat. Electricity would be produced to Keliber’s own use as much as
the CHP plant is able to generate.

1.9

Environmental Issues
Keliber has valid environmental permits, granted until further notice, for Kalavesi production plant
and Länttä open pit. Keliber has notified Centre for Economic Development, Transport and the
Environment of South Ostrobothnia (ELY Center, the environmental authority of the lithium project)
that Keliber will upgrade existing permits and apply new environment permits soon. The
applications will be submitted when the EIA report and the process studies have been completed.
EIA (Environmental Impact Assessment)
Keliber plans to mine annually in each open pit more than the current threshold limit in the EIA
Decree. Therefore, Keliber needs to complete an EIA for each open pit (including Länttä deposit
which already has environmental permit).
The purpose of the environmental impact assessment procedure (EIA) is to ensure that the
environmental impacts of the project are appropriately investigated. Especially, when a project is
likely to have detrimental environmental effects. The EIA procedure is also aimed at providing the
public more opportunities to participate and to have an effect on the project.
The closure plans of the open pit areas will be included in the EIA report. The conditions of the
closure plans will be described in environmental permits.
Nature Conservation Actions
Keliber has taken measures to protect two endangered species met at the mining sites: the golden
eagle and the moor frog. The protective actions include:
· Keliber built two artificial nests to the eastern part of the golden eagle’s territory, away from
the future mining operations.
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· Keliber has built three frog ponds for mating and hibernation habitats. Ponds, circa 600 m2
each, have been designed and built in co-operation with the best Finnish experts.
Social Impact Assessment (SIA)
Social impact assessment (SIA) of Keliber mining operations was carried out in December 2015.
A questionnaire was send to all land owners and inhabitants near the mining sites and the ore
transportation roads. The questionnaire was also available in Keliber’s web pages.
The majority of the respondents (60 %) supports the project as presented or with some changes.
Adversaries of mining operations (27 %) are a clear minority. The rest of the respondents (14 %)
indicated that mining project has no particular significance to them. Support for the lithium project
does not differ significantly among the local residents' opinions compared to other respondents.

1.10

Recommendations
The main recommendation is clear: Keliber’s lithium project is well justified to advance to the
bankable feasibility study –stage. The basis of the bankable feasibility study (BFS) should be
producing ca. 9 000 t/a lithium carbonate with 400 000 t/a ore feed. BFS is expected to provide
more accurate data and forecast more precisely the economic viability of the lithium project.
In order to ensure the successful lithium project, there are some suggestions concerning the BFS:
1) study possibilities to increase sales, 2) search possibilities to reduce capital and operative
expenditures, and 3) verify designs and costs to provide more reliable forecasts for the lithium
project.
Sales-Related Recommendations
There are three main ways to increase sales: 1) discovering more ore to process in the plant (more
operative years and sales during the life cycle of the plant), 2) improving the process to recover
bigger quantities of established products, and 3) developing the process in order to produce new
products.
The current economic calculations do consider only lithium carbonate, analcime and columbite to
provide earnings. There are some potential ways to improve sales with these products:
· Improved gravity concentration would increase recovery of columbite (for tantalum, Ta2O5).
It might provide up to 125 M€ more revenues over the life cycle of the lithium project with
ca. 2-3 M€ additional capital expenditure and minor increase in operating costs.
· Dense media separation (DMS) is expected to increase sales 40 M€ by the increasing Li2O
recovery in the spodumene concentrator process. Even if the DMS was abandoned in the
pre-feasibility study phase due to the higher impurity content in the final concentrate and
more complex process, the possibility is worth rechecking.
There are also some other possibly sellable products that could be produced and commercialized
in the lithium project. The ore and the planned process enable some interesting possibilities:
· Quartz-feldspar –fraction is produced and it could utilized in building material industry as a
raw material. There is another advantage in selling the quartz-feldspar –fraction: any
material Keliber is able to sell, decreases the need of tailings capacity (in the current plans
all the quartz-feldspar –material is pumped to tailings facilities).
· Lithium battery chemicals could provide more earnings from the same ore. Keliber is actively
studying possibilities to produce higher value lithium products.
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Reducing CAPEX-Related Recommendations
There are some possibilities to reduce capital expenditures:
· Combining the engineering and infrastructure of Syväjärvi and Rapasaari pits.
· Access roads constructed using combined Syväjärvi-Rapasaari mining area.
· Designing the tailings facilities for full life cycle of the production plant.
Reducing OPEX-Related Recommendations
There might be possibilities to reduce operating expenditures:
· Increasing automation in the production plant could result in lower need of workforce.
· Using surplus heat to warm ore storage, timber harvesting waste storage, wood chip storage
and by-product storages to the extent it is possible.
Data-Related Recommendations
It is recommendable to pursuit more accurate data to enable more precise economic calculations,
and finally, to produce a reliable bankable feasibility study (BFS). The recommended data-related
tasks:
· Process tests to gain more information of the process, necessary equipment, energy and
chemical consumptions, and product grades and product quantities.
· Basic engineering to verify the design. The basic engineering should comprise at least:
- Kalavesi site layout update
- Production process design and layout update
- Pipe and cable routes and preliminary piping, cabling and instrumentation diagrams
- Preliminary 3D –model of the plant
- Ground surveying and surface modelling of the production plant and the tailing storage area
· Budget tenders for main equipment and other major capital expenditures plus major
operative costs to ensure the price levels.
· Master schedule of the lithium project.
· Market studies of the by-products: analcime (leach residue), analcime and flotation tailings
(as raw material of building material industry).The results will affect process design and the
need of the tailing storage facilities.
· What-if calculations for competitive alternatives to implement, such as:
- Underground mining or open pit mining?
- Rented facilities in mining sites or Keliber’s own facilities?
- Use of surplus heat for additional heating purposes?
- CHP plant capacity and the most economic fuel?
- Outsourced or proprietary CHP plant?
Scheduled-Related Recommendation
With current knowledge, scheduling mining operations of Rapasaari before Länttä would make the
lithium project more profitable. The ore of Rapasaari is richer and the altered timing of the earnings
would make the project more lucrative.
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2

INTRODUCTION
Keliber Oy is developing a lithium project in the area of Central Ostrobothnia, Finland. Keliber is
planning to produce battery grade and high-purity lithium carbonate from the spodumene
pegmatite ore. The lithium project is located in Western Finland in municipalities of Kaustinen,
Kokkola and Kruunupyy, approximately 385 km North-North West of Helsinki and 42 km from the
city center of Kokkola.
Keliber commissioned Sweco Industry Oy in August 2015 to prepare a preliminary feasibility study
for the Lithium project. This pre-feasibility study was prepared by Sweco project team in cooperation with Keliber’s project team. The resource and reserve estimates were conducted in
accordance JORC Code (2012) by Markku Meriläinen MAusIMM (CP), MSc and Pekka Lóven
MAusIMM (CP), MSc (Mining) from Outotec Finland Oy in December 2015.

2.1

Scope of Study
The project scope was defined in the beginning of the project. The target of the pre-feasibility study
was to estimate sales, capital and operating expenditures for the project. The overall accuracy of
± 30% was taken as a major target for the estimation results.
The ore estimates are based on mineral resource and mineral reserve estimates in accordance of
the JORC Code (2012). The sales and the cost (capital and operative expenditures) estimates are
based on two production capacity scenarios, 6000 t/a and 9000 t/a production of battery grade
lithium carbonate.
All the costs and all the earnings were to calculate over the life cycle of the lithium project. The
scope of study includes a comprehensive report with profitability calculation results. The PFS
report indicates the most common profitability indicators: 1) break-even-point, 2) return on
investment (ROI), 3) net present value (NPV), and 4) internal rate of return (IRR).
The financial calculations themselves are not included in the PFS report. The starting values are
described and the results are collected to the report.

2.2

Study Contributors
As a request of Keliber, Sweco has prepared the pre-feasibility study report. Numerous consultants
outside of Sweco have given their valuable contribution to this feasibility study. Sweco would like
to express its appreciation and thank them of their efforts.
Geology and mineralogy
Esa Sandberg, Lic. Sc. (Geology) (CP Svemin and Finnmin)
Mineral Resource Estimate, open pit modelling, mine planning and ore reserve statement
Pekka Lovén, MSc (Mining) MAusIMM (CP)
Markku Meriläinen MSc, MAusIMM (CP)
Mineral processing test work
GTK Mintec
Outotec (Finland) Oy
Metallurgical test work
Outotec (Finland) Oy
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Tapio Knuutinen, Reijo Kalapudas
Jussi Teperi, Harri Hokka

Marika Tiihonen, Eero Kolehmainen, Aki Vanhatalo,
Tero Kravtsov, Pekka Kurki, Leena Vesa, Lauri
Alitalo, Tiina Huuhilo and Tero Korhonen
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Environmental studies
Ramboll Finland Oy

Jaana Hakola, Heli Uimarihuhta, Johanna Korkiakoski,
Tero Marttila, Hannu Tikkanen, Antje Neuman,
Katariina Urho, Juha Kiiski and Tapani Pirinen

Nablabs Oy

Pekka Sundell

Ahma Ympäristö Oy:

Jari Hietala, Jyrki Salo, Pertti Eloranta, Tiina Härmä
and Milla Miettinen

Geological Survey of Finland:

Anton Boman and Jaakko Auri

Keski-Pohjanmaan arkeologiapalvelu: Hans-Peter Schultz and Jaana Itäpalo
Tutkimusosuuskunta Tapaus:

2.3

Nina V. Nygren, Jere Nieminen and Jarmo Saarikivi

Effective Date and Declaration
This report is considered effective as of March 14, 2016. The estimates of the ore reserves
contained in this report is in accordance of the JORC Code (2012).
It should be understood that the ore reserve estimates of the size and grade of the deposits based
on currently available information. The estimation premises are presented in the report, namely:
number of drillings and samplings and on assumptions and parameters.
The level of confidence in the estimates depends upon number of uncertainties. These
uncertainties include, but are not limited to, future changes in product prices and/or production
costs, differences in size and grade and recovery rates, and changes in project parameters. In
addition there is no assurance that project will be implemented.
The comments in this report reflect Sweco’s best judgement in the light of the information available
at time of publishing the report.

2.4

Sources of Information
Keliber’s internal reports and maps are key sources of information. Moreover, the report is based, in
part, on separate reports prepared by several specialists and organizations. Also some public reports
are used, e.g. GTK reports of investigations on the lithium pegmatite deposits in Kaustinen and
Kokkola areas. Public information is listed in References –section of this report.
The key documents used in the preparation of this pre-feasibility study are listed below.
Spodumene Concentration
· Knuutinen Tapio and Kalapudas Reijo. Spodumene Concentration on Keliber Länttä-3
Sample. Geological Survey of Finland, Eastern Finland Office, Mintec. 13.08.2015.
Research report.
· Korhonen Tero and Kalapudas Reijo. Mineral Processing Tests on Syväjärvi Sample of
Keliber Oy. Geological Survey of Finland, GTK Mintec. 2.12.2015.
· Teperi Jussi, 2015. Cost Estimate of Technology Package Spodumene Concentrator, rev
1. Outotec Finland Oy, 5 pages. 5.11.2015.
· Teperi Jussi, 2015. Equipment list, rev 1. Outotec Finland Oy, 3 pages. 6.11.2015.
· Teperi Jussi, 2015. Keliber Spodumene Concentrator Flowsheet, rev 1. Outotec Finland Oy.
6.11.2015
· Teperi Jussi, 2015. Keliber Spodumene Concentrator Material balance, rev 1. Outotec
Finland Oy, 4 pages. 6.11.2015.
· Teperi Jussi, 2015. Keliber Lithium Carbonate Plant Study, Process Description
Spodumene Concentrator. Outotec Finland Oy, 5 pages. 2.11.2015.
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Lithium Carbonate Production
· Tiihonen Marika, 2015. Cost Estimate Of Technology Package of 6000 tpa LCE Soda
Pressure Leach Process for Spodumene Concentrate to Keliber Oy. Outotec Finland Oy, 6
pages. 30.11.2015.
· Tiihonen Marika, 2015. Equipment list of the 6000 tpa Li2CO3 plant. Outotec Finland Oy, 6
pages. 8.12.2015.
· Tiihonen Marika, 2015. Calcining and Sieving mass balance. Outotec Finland Oy, 11 pages.
30.11.2015.
· Tiihonen Marika, 2015. Process Discription, Li2CO3 Recovery via Pressure Leach Process
of Spodumene Concentrate, rev 1. Outotec Finland Oy, 9 pages. 26.11.2015.
· Tiihonen Marika, 2015. 6000 tpa Lithium Carbonate Production Plant Calcining, Soda
Pressure Leaching and Li2CO3 Recovery for Spodumene Concentrate, Process Design
Criteria, rev 1. Outotec Finland Oy, 9 pages. 26.11.2015.
· Kolehmainen Eero, Vanhatalo Aki, Kravtsov Tero, Kurki Pekka, Vesa Leena, Alitalo Mauri,
Huuhilo Tiina. Outotec (Finland) Oy. Keliber Plant Study Test Report. 20.11.2015.
· Vanhatalo Antti, 2016. Keliber Syväjärvi Spodumene Concentrate Leaching Test. Outotec
Finland Oy, 10 pages
Ore Reserve Estimates
· Markku Meriläinen MSc, MAusIMM (CP) and Pekka Loven MSc (Mining), MAusIMM (CP).
Outotec (Finland) Oy. Ore Reserve Estimates – Syväjärvi, Rapasaari, Länttä and Outovesi
Lithium Deposits for Keliber Oy. 16.12.2015
Mine Site Infrastructure and Road Connections
· Destia
Oy.
Keliber
Oy:
Litium-kaivoshankkeen
alustava
infrarakenteiden
investointikustannustarkastelu Läntän, Outoveden, Rapasaaren ja Syväjärven
kaivosalueet. 20.11.2015.
· Destia Oy. Keliber Oy:n louhosalueiden liikenneyhteyksien vaihtoehtotarkastelu.
Lisätarkastelu Syväjärven ja Rapasaaren reittivaihtoehdoista. Lokakuu 2014.
· Destia Oy. Keliber Oy:n louhosalueiden liikenneyhteyksien vaihtoehtotarkastelu. Helmikuu
2014.
· Eerik Jarkko. Destia Oy. Maantie 18097 parantaminen ja uuden linjaaminen Kokkola
(Ullava). Tiesuunnitelman kustannusarvio. 31.7.2015.
Lithium Market Studies
· Roskill Information Services Ltd. Lithium: Market Outlook to 2017. Twelfth Edition, 2013.
· SignumBOX Inteligencia de Mercados. Lithium Market Evaluation 2015 – 2030. November
2015.
· SignumBOX Inteligencia de Mercados. Lithium, Batteries and Vehicles/Perspectives and
Trends, Issue 09, January 2015.
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Environmental Studies
· Keliber Resources Ltd Oy. Kalavesi production plant, Environmental permit. Länsi-Suomen
ympäristölupavirasto 30.11.2006.
· Keliber Resources Ltd Oy. Länttä Mining site, Environmental permit. Länsi-Suomen
ympäristölupavirasto 7.11.2006.
· Ramboll Oy, Jaana Hakola, Johanna Korkiakoski, Tero Marttila, Antje Neumann, Helil
Uimarihuhta. EIA program, Keliber Oy. 29.1.2014.
· Ramboll Oy, Tikkanen Hannu ja Tuohimaa Heikki. 2015. Implementation plan to improve
the territory of the golden eagle and to secure the favorable conservation status during the
mining period, confidential (in Finnish).
· Tutkimusosuuskunta Tapaus, Nina V. Nygren, Jere Nieminen and Jarmo Saarikivi. 2015.
Organizing the protection of moor frogs (in Finnish).

2.5

Site Visits
Pekka Lovén and Markku Meriläinen have conducted site visits to the deposits (mining sites). First,
Markku Meriläinen visited Länttä, Outovesi, Syväjärvi and Rapasaari sites 11.9. – 12.9.2014.

2.6

Units and Currencies
In this report all currency amounts are Euros (EUR, €) unless otherwise stated. The commodity
prices are typically expressed in US Dollars (US$).
Quantities are generally stated in metric units according to International System of Units (Système
international d’unités). Moreover, prefixes are utilized to present values in suitable magnitude. For
example, 100 000 m is preferred to be quantified as 100 km. Finally, the standard international
practices are followed presenting values, for instance for weight: metric tons (t) are regularly used
instead of grams (g) or kilograms (kg).

2.7

Calculation Accuracy in Tables
There are numerous tables in the pre-feasibility study. Most of them present item values and
summary values calculated from the item values. Because all the cells of the tables are presenting
their values in maximum accuracy, the general rounding rules make sometimes the summary
values seem to be incorrect. The example below illustrates the phenomenon.
Table 2-1. Illustration of Misleading Roundings
Exact value [€]

Rounded value [M€]

Item 01

165 000

0.2

Item 02

274 000

0.3

Total

439 000

0.4

Misleading roundings

As the reader is able to see, 0.2 M€ + 0.3 M€ is not 0.4 M€. But if 439 000 € is rounded to the
tenths of the million Euros, the right answer is 0.4 M€. The most commonly misleading roundings
appear in the tables where monetary values are presented.
The author has decided to follow the principle of the maximum accuracy in every table cell, so
there are cases where the summary values seem to be incorrect, even if they are not.
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3

RELIANCE ON OTHER EXPERTS
Sweco has prepared this report using reports and documents as noted in References –section.
Sweco wishes to state that no independent verification of tenure was performed nor has Sweco
verified the legality of any underlying agreement(s) that may exist concerning the licences or other
agreement(s) between third parties. Sweco has relied on Keliber to have conducted the proper
legal due diligence.
Keliber has reviewed a draft of this report. Any changes made as a result of these reviews has not
produced any alteration to the conclusions.
Keliber has collected and prepared drill core samples and submitted the samples to accredited
laboratories, Labtium and ALS Chemex. Sweco relies on the laboratories as independent experts.
Mr Pekka Loven and Mr Markku Meriläinen has prepared mineral resource and ore reserve
estimates and Sweco rely on their statements.
The test work related to the production of spodumene concentrate from the spodumene pegmatite
ore was conducted by Geological Survey of Finland, GTK Mintec at Outokumpu. Keliber has
subcontracted Mr. Reijo Kalapudas as an independent expert to review and carry out some
additional testing related to dense media separation and flotation.
The production process of the lithium carbonate is unique. Keliber has contracted Outotec
(Finland) Oy to carry out the testing and the design of the production process. Outotec’s results
are used as corner stones of the technical process solutions. In this pre-feasibility study report,
Sweco relies on Outotec’s technological knowledge.
SignumBOX was assigned and mandated to perform a market study to evaluate the lithium
markets. Sweco has reviewed the market study and believes it provides reasonable overview of
current lithium markets. More important, Keliber and Sweco trust that the market study provides
reasonable overview of the lithium markets in the future.
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4

PROPERTY DESCRIPTION AND LOCATION

4.1

Location
Keliber’s lithium project is located in Central Ostrobothnia Western Finland in the area of the
municipalities of Kaustinen, Kokkola and Kruunupyy, approximately 385 km North-North East of
Helsinki and 42 km from the city center of Kokkola.
Finnish national grid coordinates (ETRS-TM35FIN) define the planned Kalavesi production plant
at approximately N 7052063 E 340208 and deposits as follows:
Länttä
N 7057934
E 358386
Syväjärvi
N 7063218
E 341875
Rapasaari
N 7061966
E 343691
Outovesi
N 7063902
E 338547
Emmes
N 7065038
E 330803

Leviäkangas

N 7060584 E 338094

Figure 4-1 bellow show the location of the operations with near-by existing infrastructures and
figure 4-2 the more detailed location of the properties: Kalavesi production plant, mine sites as well
as exploration licence areas and claim areas.
Figure 4-1. Location with Near-by Infrastructure
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Figure 4-2. Kalavesi Production Plant, Mine Sites, Exploration Licence Areas and Claim Areas

Kalavesi production plant area is accessible by the highway 63. All the mine sites have also road
connections (mainly forestry roads) and accessibility to this main road crossing the area.
Highway 63 is connected to highway 13 (Jyväskylä - Kokkola). The Kokkola-Pietarsaari airport is
located approximately 43 km from Kalavesi production plant, Kokkola railway station 51 km and
Port of Kokkola 56 km from Kalavesi site.

4.2

Property Ownership and Agreements
Keliber’s mining claims and exploration permit areas cover total of 2493.57 ha. Keliber has also a
mine concession area in Länttä. The area of Länttä mine concession is 37.5 ha.
Keliber holds 100 % the claims, exploration permits and the mine concession and all of them are
registered in the name of Keliber as listed in the table 4.1. The expiry dates for the claims and
exploration permits are also shown in the table 4.1. The expiry date for the mining licence for Länttä
is 23rd of May 2016. Keliber is preparing the extension application to Länttä mining licence. The
company will submit the application to the authorities latest two months prior the expiry date of the
licence.
Claim areas of Syväjärvi and Leviäkangas areas and claim areas of Rapasaari area were acquired
from the Government of Finland on 19th of October 2012 and 22nd of October 2014 respectively.
Keliber holds 100 % interest in these areas (also presented in the table 4.1).
Keliber has ownership (100 %) to the land area of 41.73 ha in the Outovesi. This land area was
purchased from the private landowners in 24 of March 2011. This land area covers approximately
20 % of the current claim areas of Outovesi.
Kaustinen municipality owns a part of Kalavesi production plant area (approximately 24 ha).
Keliber has a lease agreement with the municipality regarding the area. The current lease
agreement is in effect until 31.12.2016. The rest of Kalavesi production area are in ownership of
private landowners and organizations.
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Table 4-1. List of Properties: Claims, Exploration Permits and Mining Licence
Name

Permit number Municipality

Emmes 1
Emmes 2
Outovesi 1
Outovesi 2
Outovesi 3
Outovesi 4
Palojärvi
Timmerpakka
Miljunäärisaari - Harijärvi
Haukkamaa
Pykälikkö
Outovedenneva
Rytilampi
Heikinkangas
Karhusaari
Päiväneva
Leviäkangas 1
Leviäkangas 2 - 4
Syväjärvi 1
Syväjärvi 2
Syväjärvi 3
Syväjärvi 4
Rapasaari 1
Rapasaari 2- 9

9137/1
9291
9030
9085
9102/1
9160
9036
9059
9155
ML2011:0002
ML2011:0003
ML2011:0019
ML2011:0020
ML2012:0156
ML2012:0157
ML2012:0176
ML2013:0097
9144
ML2011:0077
9065
9068
9143
8982
9095

Kruunupyy
Kruunupyy
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kokkola
Kokkola
Kokkola
Kokkola
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kaustinen
Kokkola
Kokkola
Kokkola
Kokkola
Kokkola / Kaustinen
Kokkola / Kaustinen

Total

Area (ha) Granted

Expiration

Notes

19.71
58.11
92.20
45.15
17.49
54.83
35.10
55.60
146.71
182.03
168.30
71.81
163.02
42.55
169.45
83.51
90.70
251.04
36.90
96.40
99.82
80.30
93.00
339.84

17.7.2012
7.7.2014
29.10.2013
25.3.2014
2.1.2014
29.10.2013
29.10.2013
25.3.2014
25.3.2014
11.12.2013
11.12.2013
5.2.2014
5.2.2014
29.5.2015
18.12.2014
13.3.2014
13.3.2014
25.3.2014
26.5.2015

17.7.2015
7.7.2019
29.10.2018
25.3.2019
2.1.2019
29.10.2018
29.10.2018
25.3.2019
25.3.2019
11.12.2017
11.12.2017
5.2.2018
5.2.2018
29.5.2019
18.12.2018
13.3.2018
13.3.2017
25.3.2019
26.5.2018

2.1.2014
2.1.2014
2.1.2014
2.1.2014

2.1.2019
2.1.2019
22.5.2014
2.1.2019

Extension application filed in 16.7.2015 Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Keliber
Extension (3 years)
Keliber
Keliber
Extension (3 years)
Keliber
Application filed in 21.01.2016
Keliber
Keliber
Keliber
Keliber
Keliber

Permit holder

Expiration

Notes

Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy
Oy

100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %
100 %

2493.57

Mining Licenses

4.3

Name

Permit number Municipality

Länttä

7025/1a

Kokkola

Area (ha) Granted
37.50

23.5.2006

23.5.2016 Mining License

License holder
Keliber Oy 100 %

Contractual Royalties
In the agreement between the government of Finland and Keliber concerning the Leviäkangas and
Syväjärvi deposits (dated 19th of October 2012) and the agreement between government of
Finland and Keliber concerning the Rapasaari deposit (signed by the company 22nd of October
2014) following applies:
After the starting of extracting the rock, on other than a trial basis, from the areas of Interest (i.e.
claim areas of above mentioned deposits) and the treatment of them into products and the sale
thereof, Keliber shall pay to the Republic of Finland a royalty of EUR 0.5 per ore ton.
The royalty for the Syväjärvi and Leviäkangas is subject to following price adjustment formula:
Adjusted price = ((Y/Z)*S(P) + (1-S)*(P))
Where:

Z = Index for Base Period (January 2012)
Y = Index for December month preceding the year Royalty is calculated
S = Percentage of Price Subject to Adjustment (100 %)
P = Base unit contract Price (0.5 €)
Royalty may be adjusted upward or downward based on the change in the Index from the base
value to the December month value preceding the year for which the royalty is to be calculated.
The base period for calculating the change will be from January 2012 date of the Agreement.
Royalty payment fall payable annually by the end of April the following year.
The royalty for the Rapasaari is subject to following price adjustment formula:
Adjusted price = ((Y/Z)*S(P) + (1-S)*(P))
Where:
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Royalty may be adjusted upward or downward based on the change in the Index from the base
value to the December month value preceding the year for which the royalty is to be calculated.
The base period for calculating the change will be from the effective date of the Agreement. Royalty
payment fall payable annually by the end of April the following year.
Index means in the Syväjärvi and Leviäkangas Agreement the Producer Price Index of the Industry
(2000 = 100) and as in the Rapasaari Agreement Producer Price Index of the Industry (2010 =
100).
Compensations to landowners are calculated in the profitability estimates according the current
Finnish mining law. The compensations will be paid according to the ore mined and processed.
The value of compensation is 0.15% of the value metals and minerals the ore contains.

4.4

Permits and Environmental Liabilities
Keliber holds valid environmental permits for Länttä mine and Kalavesi production plant. Permits
were granted 7th of November 2006 and 30th of 2006 respectively. These permits are currently
under the periodical review in the AVI Western and Central Finland.
Keliber holds mining licence for Länttä totaling 37.5 ha. This permit was granted 23rd of May 2006.
Permit is valid till 23.5.2016. Company is currently preparing EIA report for the future mine sites of
Syväjärvi, Rapasaari, Outovesi and Länttä.
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5

ACCESSIBILITY, PHYSIOGRAPHY, CLIMATE AND LOCAL INFRASTRUCTURE

5.1

Accessibility
Keliber’s Kalavesi production plant will be located in municipality of Kaustinen in Central
Ostrobothnia in Western Finland. Plant area is located approximately 5 km from the Kaustinen
municipality center. The plant site is easily accessible from closest city, Kokkola, via highway 13
and highway 63 (Toholammintie).
The mine sites are located and accessible to Kalavesi plant site as follows:
Länttä:
· Kokkola (Ullava)
· 24.7 km east-north-east from Kalavesi plant site
· Accessible to Kalavesi site via highway 63 and road 18097 of which the last 1.9 km is gravel
road
· New road lineation needed due to location of Länttä deposit and new 2.0 km bypass road
(gravel) needed to be built
Syväjärvi and Rapasaari:
· Kokkola and Kaustinen
· 18.2 km north-north-east from Kalavesi plant site
· Accessible to Kalavesi site via highway 63 and forestry road (gravel)
· New gravel road needed to be built 3.8 km
Outovesi:
· Kaustinen
· 21.0 km north from Kalavesi plant site
· Accessible to Kalavesi site via highway 63 and forestry road (gravel)
· New gravel road needed to be built around 1 km
As a summary new gravel road needs to be built 4.4 km for Syväjärvi, Rapasaari and Outovesi
road access to production plant. In addition to the Syväjärvi and Rapasaari site access a new
gravel road of the total length of 3.8 km will be constructed.

5.2

Physiography
The area of Central Ostrobothnia and area of Keliber’s operations is characterized by a relatively
flat topography. The elevation of the mine sites above the sea level ranges between 82.7 meters
in Rapasaari to 122.0 meters in Länttä.
There is no permafrost in these latitudes. Overburden cover at the mine sites ranges in depth from
0 m to 20 meters as follows:
· Länttä:
0 – 8 meters
· Syväjärvi:
0 – 10 meters
· Rapasaari:
4 – 20 meters
· Outovesi:
7 – 13 meters

5.3

Climate
The climate in Finland is so-called intermediate climate, combining characteristics of both a
maritime and a continental climate. Finland's mean temperature is several degrees higher than in
most other continental areas located in the same latitudes. For instance, in comparison with the
eastern part of Canada, Greenland and Siberia, the difference in the winter months can be 20 - 30
˚C.
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The annual average temperature in Central Ostrobothnian area is circa +3 ˚C. The coldest time
of the year is typically in January or in February. The average temperature in February is typically
-6… -8 ˚C. The warmest time of the year occurs, on average in July, with the average temperature
of +16 ˚C.
The annual amount of precipitation in Central Ostrobothnia varies between 500 and 600
millimetres. February, March, April and May months see the least precipitation, while the amounts
of precipitation increase towards summer so that August is typically the rainiest month. In the
Central Ostrobothia the number of days with snow cover varies between 110 to 155 days. Snow
cover is deepest in late winter, typically in early March being 30 – 40 cm.

5.4

Local Resources and Infrastructure
For the international oversea shipments, the port of Kokkola, is open year round. The port of
Kokkola, which is the third largest general port in Finland, is located 56 km from Kalavesi plant
site. The port of Kokkola is the largest port serving the mining industry in Finland. The port include
the general port mainly for containers, breakbulk cargoes and so called light bulk, such as
limestone and the all weather terminal (AWT) mainly for containers and breakbulk cargo. The Port
of Kokkola has also the deep port for handling bulk cargoes. Kalavesi plant site is connected to
port of Kokkola via highway 63 (Toholammintie) and highway 13 (Jyväskylä - Kokkola).
Kaustinen municipality water (tap water) is located immediately adjacent to Kalavesi plant site.
Power line at 110 kV reaches the center of Kaustinen municipality around 4.6 km from Kalavesi
plant site.
Central Ostrobothnia is serviced by Kokkola-Pietarsaari airport and by regular Finnair flights and
charter flights. The area is also serviced by mobile phone network from all the main Finnish service
providers as well as fibre optic network of local service provider.
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6

HISTORY

6.1

Exploration History
History of spodumene pegmatites started in late 1950's when spodumene as mineral was first
identified in the Kaustinen region. At the beginning, beryl was the other mineral with a possible
economic value. However, soon spodumene was noticed as the mineral with an economic
importance. The first company working on the area was Suomen Mineraali Oy, followed by
Paraisten Kalkkivuori Oy in the 1960's. An intensive boulder hunting and drilling was successful
with discoveries of the Syväjärvi, Leviäkangas, Jäneslampi and Emmes deposits. The Länttä
deposit was found directly on an outcrop when blasting a ditch close to a road. Also mineralogical
and metallurgical tests were executed with some early plans for a metallurgical plant. The last
drilling campaign by "Partek Oy" (the former Paraisten Kalkkivuori Oy) was carried out in19801981.
Geological Survey of Finland (“GTK”) explored the area in 2003-2012. The target was to evaluate
the industrial mineral potential and to discover new lithium-beryllium-niobium- tantalum resources
on the area. Exploration included boulder mapping, geophysical measurements, till sampling and
re-analysis of old regional till samples, percussion drilling and diamond core drilling of 155 drill
holes (totally 17 km). As a result, GTK drilled and prepared resource estimates for the old
Leviäkangas and Syväjärvi deposits, discovered a new Rapasaari deposit and some lithium
deposit indications for future exploration (Ahtola et al. 2015).
Mr. Olle Sirén with few private persons started the evaluation of lithium potential in 1999, first as
KeliBer-project, followed by Keliber Resources Ltd and Keliber Oy, concentrating in the Länttä
deposit. The first drilling campaign was in Länttä in 2004 followed by resource estimations and
preliminary mine planning followed by benefication tests.
In 2010, Keliber Oy enlarged exploration to the whole potential area in the Kaustinen-Kokkola area.
Exploration methods consisted of pegmatite boulder mapping, followed by small magnetic
measurements and drilling. Outovesi deposit was discovered as a result in 2010. Keliber Oy
purchased Leviäkangas and Syväjärvi deposit, investigated last by GTK, from the Ministry of
Employment and Economy in 2012. Exploration concentrated now in these deposits together with
Länttä targeting to increase mineral resources and later, ore reserves. Areal exploration continued
in limited scale, partly in co-operation with GTK.
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7

GEOLOGICAL SETTING AND MINERALIZATION

7.1

Regional Geology
The Kaustinen-Kokkola area belongs to the Pohjanmaa Schist Belt, which forms a 350 km long and
70 km wide arc-shaped belt between the Central Finland Granite Complex in the east and the Vaasa
Migmatite Complex in the west (Alviola et al. 2001). The most common rock types within the
Pohjanmaa Belt are mica schists and gneisses, which are intercalated with metavolcanic rocks. The
supracrustal rocks have been divided into two fields, Evijärvi and Ylivieska fields (Kähkonen 2005).
The Kaustinen Li pegmatite area is located at the northern continuation of the Evijärvi field. The
metamorphic grade in the Bothnian Schist Belt varies from low amphibolite facies in the eastern
part to high amphibolite facies towards the Vaasa Granite Complex. The metamorphic peak
conditions took place at about 1.89-1.88 Ga in amphibolite facies conditions (Mäkitie et al. 2001).
Figure 7-1. Rare Element Pegmatites in Finland (Martikainen 2012)

The Pohjanmaa belt hosts several rare element pegmatites being the most potential area for them
in Finland. Locations of lithium and REE pegmatites in Finland are shown in figure 7-1 (Martikainen
2012) and deposits and indications on the Kaustinen area in figure 7-2 (Ahtola et al. 2015). The
pegmatites have intruded after the metamorphic peak conditions of the area. The U-Pb age of
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manganocolumbite for the Länttä albite-spodumene pegmatite is ca 1.79 Ga, which is considered
as the crystallization age of the pegmatite (Alviola et al. 2001).
More than ten separate pegmatite occurrences are known in the area, but only Länttä of the
spodumene pegmatites is exposed. They are covered by Quaternary sediments, mainly till. The
indications, quality and contact relationships can often be seen only in erratic pegmatite boulders
and later on in drill cores. More than 1000 lithium pegmatite boulders have been discovered and
mapped by GTK and Keliber Oy.
Figure 7-2. Lithium Pegmatite Deposits and Indications (Ahtola et al. 2015)

7.2

Origin and Mineralogy of Pegmatites
Alviola et al. (2001) classifies the lithium pegmatites in the region into the albite- spodumene
subgroup of the LCT (Li, Cs, Ta) pegmatite family (Cerny & Ercit 2005). These Paleoproterozoic
1.79 Ga (U-Pb columbite age) albite-spodumene pegmatites crosscut the Svecofennian 1.95- 1.88
Ga supracrustal rocks, which are composed of mica schists, greywackes and volcanic
metasediments with some intercalations of sulphide-bearing black schists. The LCT-pegmatites
are younger than the 1.89-1.88 Ga peak of regional metamorphism (Alviola et al., 2001).
Pegmatite granites in the Kaustinen area have been interpreted to be a candidate for the source
of the albite- spodumene pegmatites (Martikainen 2012), but confirmation of this requires further
geochemical investigations and age determinations.
The spodumene pegmatites of the Kaustinen area resemble each other petrographically (Ahtola
et al. 2015). They are typically coarse grained, light coloured and mineralogically similar, having
albite (37-41 %), quartz (26-28 %), K-feldspar (10- 16 %), spodumene (10- 15 %) and muscovite
(6-7 %) as main minerals and generally in this quantitative order. They show variations in the
distribution of the main minerals, but well-developed internal zonation is mainly lacking. The only
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systematic texture is the perpendicular orientation of spodumene crystals to the pegmatite vein
contacts.
In whole rock geochemistry differences between the deposits are small.
Table 7-1. Mean Grades of Six Deposits and Occurrences (Ahtola et al. 2015)

Element
SiO2
Al2O3
Fe2O3
MnO
TiO2
Na2O
K2O
CaO
MgO
P2O5

Mean grade in range, %
73.91
75.35
15.78
16.21
0.5
1.13
0.07
0.11
0.01
0.1
4.36
5.75
2.21
2.84
0.21
0.59
0.04
0.39
0.09
0.44

The important trace minerals are beryl and columbite-tantalite.
Table 7-2. Mean Grades of Important Trace Minerals (Ahtola et al. 2015)

Element
Be
Ta
Nb

Mean grade in range, ppm
60
180
13
60
17
60

The other accessory minerals are apatite, tourmaline, garnet and in places sporadic sulphides,
arsenopyrite, pyrite, pyrrhotite and sphalerite. Spodumene is only clearly economic mineral in the
pegmatite veins. In the table below are presented the mean chemical compositions of the
spodumene grains from Leviäkangas, Syväjärvi and Rapasaari deposits analyzed by GTK (Ahtola
et al. 2015).
Table 7-3. Mean Chemical Compositions of Spodumene Grains

Element
SiO2
Al2O3
FeO
MnO

Mean grade in range, %
64.78
65.17
26.88
27.01
0.29
0.55
0.09
0.13

The Li2O content is about 7.0 %. The theoretical stoichiometric chemical composition of
spodumene as LiAl(SiO3)2 is Li2O 8.03%, Al2O3 27.4% and SiO2 64.57%.
Spodumene crystals of various size fractions were collected and analyzed from the blasted
pegmatite vein at Länttä. The crystals were both green and red spodumene as separate samples.
Totally 16 samples were included in the programme.
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Table 7-4. Mean Grades and Variations of Länttä Spodumene Crystals

Element Mean grade, %
Min, %
Max, %
Li2O
6.94
6.61
7.28
Al2O3
25.11
24.37
25.69
K2O
0.45
0.33
0.94
Na2O
0.36
0.2
0.57
CaO
0.14
0.09
0.17
SiO2
63.7
62.24
64.6
Fe2O
1.03
0.53
1.24
MnO
0.21
0.15
0.26
MgO
0.21
0.11
0.36
Element Mean grade, ppm Min, ppm Max, ppm
As
6.5
4.7
8.1
W
530
262
1200
Rb
65
28
126
These analyses are bulk analyses, whereas GTK results are based on tiny points of microanalysis
(EMPA). Probably tiny silicate inclusions lift the alkali metal grades higher than in pure spodumene
in the whole grain analysis. Green and red spodumene have no clear composition differences, for
example in the ratio FeO/Fe2O3. However, the Li2O-grade of spodumene seems to be 7.0 % or
very close to this.
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8

PROPERTY GEOLOGY AND DEPOSITS
The deposits with estimated resources are described in details. Geology is based largely on GTK
exploration results because Keliber has only limited possibilities for detailed geological,
geochemical, mineralogical and geophysical investigations. The old Jäneslampi deposit is not
included because the exploration results by Keliber indicated both a small size and a difficult
location for exploration (close to a village).

8.1

Länttä
The Länttä lithium deposit locates separately from the other deposits and indications (figure 7-2).
It was discovered when a forest ditch was deepened close to a road in late 1950`s. It was first
drilled by Suomen Mineraali, followed by Paraisten Kalkkivuori/Partek. Their investigations
included also bulk sampling and metallurgical testing in late 1970`s. However, the project was
considered uneconomic and Partek relinquished the mining rights in 1992.
Keliber Oy (KeLiBer project at that time) attained the mining rights in 1999 and started both more
detailed exploration, exploitation and environmental studies, partly assisted by GTK. After reanalyzing old drill cores the main drilling phases have been in 2004-2005 and 2011-2013 (table 81). Overburden stripping of an area of about 100 x 50 m was carried out in 2010 (Sandberg 2011a).
This was followed by bulk sampling of the South-Eastern (SE) vein in 2010 and of the NorthWestern (NW) vein in 2013 for metallurgical pilot scale testing.
Table 8-1. Core Drilling Periods and Holes at Länttä

Year(s)

Company

1963-1967
2004-2005
(2004-2005
(2010
2011-2013
Total

Suomen Mineraali Oy
Keliber Oy / GTK
Keliber Oy
Keliber Oy
Keliber Oy

Holes
number
27
22
5
5
51
100

m
2 931
2 642
42
37
3 494
9 067

Analyses
number
111
216
22)
50*)
494
821

For the table above:
Red numbers are channel samples on stripped spodumene pegmatite and they are not included
in the total numbers. The channel samples in 2010 (50*) include 20 replicate samples for precision
test.
GTK estimated the resources in 2008 (Koistinen et al. 2008) with results:
Measured + indicated: 2.31 Mt / 0.96 % Li 2O
Outotec (Finland) Oy prepared an estimate in 2011 using the same drill hole data (Loven &
Meriläinen 2011):
Measured + indicated: 1.30 Mt / 1.08 % Li 2O

(cut-off 0.50 % Li2O)

The bedrock is covered by basal till, varying in thickness from one to about seven meters. Till is
overlain by thin peat layers in low-lying areas.
The host rocks of the pegmatite veins are volcanic intermediate rocks with some layers of
greywacke schists and plagioclase porphyrites. This mainly volcanic belt is bordered both in SouthEast and North-West by granites and granodiorites (figures 7-2 and 8-1). The pegmatite consists
of two parallel, partly boudinaging veins, which are striking about 60° to East / North-East and
dipping 70°to SE (figures 8-1 and 8-2). The veins are also parallel to general bedding and cleavage
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of the contact rocks. The maximum thickness of the two spodumene pegmatite veins is about 10
m (picture 8-1) having also narrow parallel veins close to the main veins, with or without
spodumene. The veins have also internal host volcanic rock inclusions or small layers. Sometimes
the vein is split to a swarm of small veins, as seen in figure 8-2. The total length of the veins is
about 400 m with narrow, irregular veins continuing to South-West (figure 8-1).
Figure 8-1. Geological Map of the Länttä Deposit Area (SPG = spodumene pegmatite)

The boudinage structure is common both in small veins (picture 8-3) and in major veins. Plunge of
the veins is not clear. Lineation is almost vertical indicating vertical plunge (picture 8-3), but the
vertical lineation can also be connected to some syngenetic tectonic event. However, the veins
are open to depth.
Pegmatite mineralogy is typical, as discussed in chapter 7.2. The main minerals are albite (40 %),
quartz, potassium feldspar and spodumene (all three 15-16 %) and muscovite (2 %) (Koistinen et
al. 2008). The important accessory minerals are apatite, garnet, beryl, tourmaline and columbitetantalite. The amount of these is close the same in the two veins, except for beryl, which is more
common in the SE-vein. The mean contents of the important accessory elements are Be 101 ppm,
Nb 80 ppm, Ta 75 ppm, As 5 ppm and P2O5 0.12 %.
The spodumene crystals are coarse grained, elongated and lath-shaped. The usual length is 3 –
10 cm, but the maximum length can be 30 cm. The dominating colour is light green, but brownish
red is also common, especially close to the surface. No clear chemical difference was found, but
generally weathering and/or manganese might have something to do with this.
The contact of pegmatite and volcanic rock has often a narrow (one cm) black tourmaline seam,
which breaks in blasting to pegmatite. Potassium feldspar occurs often as large crystals or crystal
aggregates with different forms (picture 8-2) surrounded by albite-quartz-spodumene “porriage”.
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Spodumene is generally orientated perpendicularly to the pegmatite-host rock contact, but in
Länttä the angle to the contact in the mapped veins is about 70°.
Figure 8-2. Vertical Schematic Cross Section of Länttä Spodumene Pegmatite Veins

The red bars indicate spodumene pegmatite having some host rock layers / inclusions in the figure
above.

Picture 8-1. Pegmatite Veins Outcropping after Overburden Stripping in 2010. Red dashed lines
indicate spodumene pegmatite vein boundaries.
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Picture 8-2. Potassium Feldspar Lenses (pink in left photo) and “Splashes” (right). They are
surrounded by more fine-grained albite-quartz-spodumene mixture in NW-vein with a shear zone (left)
and sampling channel (right).

Picture 8-3. Boudinaged Pegmatite Lenses. They are located at a Distance of about one meter from
the SE-pegmatite vein (left photo) and vertical lineation in the contact of NW-pegmatite and volcanic
rock (right).

8.2

Syväjärvi
The Syväjärvi lithium pegmatite deposit is located in the municipality of Kaustinen in western
Finland, about 40 km southeast of the city of Kokkola. Suomen Mineraali Oy found the deposit
based on boulder indications in the 1960`s and drilled the first holes. Investigations were continued
by Paraisten Kalkki Oy in the 1980`s. GTK executed exploration and drilling of the deposit in 20062010. Based on their own and previous results, GTK prepared a resource estimate in 2010.
Estimated indicated mineral resources were 2.6 Mt grading 0.78-0.98 % Li2O for a 0 % Li2O cutoff or 1.1 Mt with 1.18 % Li2O for a 1.0 % Li2O cut-off value (Koistinen et al. 2010b). Location of
Syväjärvi is shown in figure 7-2.
Keliber acquired the exploration rights for the deposit in 2012 and started an intensive inventory
drilling programme to get data for a geological structural analysis and a reliable resource estimate.
The deposit is lying partly under the Lake Syväjärvi with soft peat around. Thus drilling is possible
only in winter. Two drilling campaigns were carried out, the first in 2013 and the second in 2014
(Sandberg 2013c and 2014d). The drilling history is shown in table 8-2.
Outotec (Finland) Oy prepared a resource estimate in 2014 based on the old and new drilling data
with the following results (Loven & Meriläinen 2014):
Indicated resources
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Table 8-2. Core Drilling Periods and Holes at Syväjärvi

Year(s)
1962-1965
1981
2006-2010
2013-2014
Total

Company
Suomen Mineraali Oy
Oy Partek Ab
GTK
Keliber Oy

Holes
number
7
6
24
58
95

m
365.60
1 165.35
2 547.35
4 035.40
8 113.70

Analyses
number

200
830

Only one outcrop exists in the whole area. Bedrock is covered by sandy till with a mean thickness
of about 5 m. Close to the lakes till is overlain by peat and mud with a maximum thickness of three
meters. A geological map had to be built only by using drill core geology and orientated core
measurements. The map is shown in figure 8-3 where the red dashed line indicates the planned
open pit boundaries.
Figure 8-3. Geological Map of Syväjärvi Lithium Deposit with Drill Holes

The dominating rock type of the Syväjärvi area is mica schist with coarse grained type called as
greywacke. The schist has in places narrow quartz rich skarnated layers with tremolite and
sometimes garnet. One type of schist is sulphidic and graphitic mica schist or black schist with
narrow veinlets of quartz, pyrite and pyrrhotite.
Volcanic rocks include tuff, lapille tuff, agglomerate and plagioclase porphyrite. The rock type
interpreted as volcanic tuff is fine grained, greenish, amphibole bearing and is often as interlayers
in mica schist and vice versa. Lapille tuff contains 5-20 mm lapilles and fragments of different rock
types. Agglomerate is coarse volcanic breccia with some fragments > 50 mm. Often these three
types are closely connected to each other.
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Plagioclase porphyrite is the only rock type outcropping on the area (picture 8-4). Porphyrite has
usually both plagioclase and amphibole phenocrysts in varying amounts, also with biotite
aggregates. The rock type can be tuff or subvolcanic sill in origin.
The spodumene pegmatite deposit has intruded into supracrustal rocks in an anticlinal position.
Thus it is mainly cutting the host rocks forming a thick elliptic body plunging to North-NorthEast.
The massive body has some narrow veins on both sides bending downwards and indicating a
syngenetic anticlinal strain system.
Bedding of the supracrustal rocks does not change a lot, except for few points in orientated results.
The strike is close to North-South dipping 50-80° to West. The orientation of pegmatite contacts
varies a lot. Two maximums seem to exist in orientated core results: the first dipping 20-30° to NNE and the second follows general bedding. The first indicates the general interpreted plunge of
the main, massive pegmatite sheet. The second: there are some observations of small pegmatite
veins, parallel to bedding, which could belong to a slightly later intrusive event. More detailed
logging and interpretation is needed to prove this.

Picture 8-4. Only outcrop on the Syväjärvi area and a photo of lake Syväjärvi

GTK analyzed the pegmatites and spodumene by whole rock geochemistry and mineralogical
analyses. The main minerals are albite (mean 37 %), quartz (27 %), potassium feldspar (16 %),
spodumene (13 %) and muscovite (6 %). The accessory minerals are apatite (fluorapatite), NbTa-oxides (Mn- and Fe-tantalite, tourmaline (schorl), garnet (almandine), arsenopyrite and
sphalerite (Ahtola et al. 2010b).
Table 8-3. Mean Grades of Accessory Elements in Spodumene Pegmatite

Element
Be
Nb
Rb
Ta
As
Zn
P2O5 (%)

Mean grade, ppm
130
26
491
20
25
49
0.32

Spodumene chrystals are light greyish-green in colour and the usual length is 3-10 cm. The Fecontent varies from 0.33 % to 0.61 % (as FeO) and Mn from 0.08 to 0.21 % (as MnO) in the
microprobe analyses by GTK (Ahtola et al. 2010b). An interesting detail is fluorine (F 0.01-0.04
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%). Spodumene pegmatite with fine-grained and low grade muscovite pegmatites are shown in a
core-box photo in picture 8-5.
Columbite-tantalite is the second mineral with a possible economic value. It occurs as small grains,
about 0.2-2 mm in diameter. About half of the grains are Fe-tantalites and the other half Mntantalites by GTK. Both FeO and MnO-contents are close to 8 % and generally Ta > Nb (Ahtola et
al. 2010b).

Picture 8-5. Massive Spodumene Pegmatite with Low Grade Muscovite Pegmatite. Yellow numbers
indicate Li2O-grades of the samples between the analytical boundaries (red lines).

8.3

Rapasaari
The Rapasaari spodumene pegmatite deposit is located in the border zone of the municipalities
Kaustinen and Kokkola (figure 7-2) and about three kilometers to South-East from Syväjärvi. GTK
discovered the deposit in 2009. Their investigations included geological boulder mapping, a
geophysical ground survey, systematic till sampling, analytical and mineralogical studies and
drilling of 3653 m (Kuusela et al. 2011).
GTK also prepared a resource estimate with following results (Koistinen et al. 2011):
3.0 million tonnes / 1.17 % Li2O
1.7 million tonnes / 1.46 % Li2O

with a cut-off 0.20 % Li2O or
with a cut-off 1.00 % Li2O

Keliber acquired the mineral rights in the tendering process by the Ministry of Employment and the
Economy in 2014. The name “Rapasaari” is used instead of “Rapasaaret” (used by GTK) for
linguistic reasons.
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Keliber carried out two drilling campaigns to clear up the deposit structure and to drill holes enough
for estimating resources in the indicated category (Sandberg 2014d and 2015). The drilling history
is shown in table 8-4.
Table 8-4. Core Drilling Periods and Holes at Rapasaari

Year(s)

Company

2009-2011
2014-2015
Total

GTK
Keliber Oy

Holes
number
26
45
71

m
3 653.20
4 835.50
8 488.70

Analyses
number
159
940
1 099

The Rapasaari spodumene pegmatite veins are possibly in a synclinal folding system plunging
gently to South or South-East. It is subdivided into two main areas with a possible connection.
Drilling was concentrated in Rapasaari E and only few holes were drilled to Rapasaari W (figure
8-4). Thus resources can be estimated only for Rapasaari E, which is open to North and depth.
Rapasaari W needs further drilling for estimating reliable resources.
Outotec (Finland) Oy estimated the resources after the first drilling phase of Keliber for the
Rapasaari E deposits (Loven & Meriläinen 2014):
Indicated resources:

0.922 Mt / 1.29 % Li2O

(cut-off 0.7 % Li2O)

In the figure below are presented the geological map of Rapasaari (Kuusela et al. 2011). The
geological map of the Raparasaari on left hand side and more detailed map of Rapasaari E by
Keliber on ride hand side.
Figure 8-4. Geological Map of Rapasaari (Kuusela et al. 2011)

The bedrock is covered by till, varying in vertical thickness from 3 to almost 20 meters. No outcrops
exist in the area. The mean thickness in Rapasaari E is about 7 m. Till is partly overlain by peat,
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up to two meters in Rapasaari E. Rapasaari W is partly located in the peat producing area with
larger both peat and till thicknesses.
The dominating rock type of the Rapasaari area is mica schist with coarse grained type called as
greywacke. Sometimes mica schist contains andalusite or staurolite. The schist has in places
narrow quartz rich skarnated layers with tremolite and sometimes garnet. Also small, mainly
conform quartz veins are common. One uncommon type of the schist is sulphidic and graphitic
mica schist with narrow veinlets of quartz, pyrite and pyrrhotite.
Volcanic rocks occur in the central area between Rapasaari E and W extending to the eastern
areas of Rapasaari E (figure 8-4). They include tuff or tuffite and small zones of plagioclase
porphyrite. Sometimes tuff horizons are interbedded to sedimentary rocks.
Spodumene pegmatite veins have intruded mainly parallel to primary bedding into supracrustal
rock layers forming numerous small and large boudinaged veins. The thickest veins are (as true
thickness) close to 20 m. In the contacts spodumene has usually altered to muscovite, varying in
thickness from few centimeters to tens of centimeters. Also muscovite pegmatite veins with or
without spodumene are common and connected to spodumene pegmatite veins.
The pegmatite veins are in the central and Northern area of Rapasaari E partly weathered and
broken to the depth of 20-30 m (pictures 8-6 and 8-7). Such an extensive surface weathering has
not been found in the other pegmatite deposits.

Picture 8-6. Small and Larger Parallel Spodumene Pegmatite Veins in Mica Schist. Yellow numbers
indicate Li2O-grades of the samples between the analytical boundaries (red lines).

Picture 8-7. The Weathered and Broken Spodumene Pegmatite Close to the Surface with Fe-Mn-oxide
Coatings on Cracks and on Altered Spodumene Crystals.

Based on about 200 oriented core measurements, the supracrustal rock package with lithium
pegmatite veins in Rapasaari E is striking to North-West and dipping 50-70° to South-West. The
structure of Rapasaari W is less clear with two steeper (70-80°) strike orientations: the dominating
about 020°and the smaller about 200°.
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GTK analyzed also at Rapasaari the spodumene pegmatites and spodumene as mineral by whole
rock geochemistry and mineralogical analyses. The main minerals are albite (mean 37 %), quartz
(26 %), potassium feldspar (10 %), spodumene (15 %) and muscovite (7 %). The accessory
minerals are apatite (fluorapatite), zinnwaldite, Nb-Ta-oxides (Mn- and Fe-tantalite), beryl,
tourmaline, fluorine, garnet (grossular), andalusite, calcite, chlorite, Mn-Fe-phosphate,
arsenopyrite, pyrite, pyrrhotite and sphalerite (Kuusela et al. 2011).
Table 8-5. Mean Grades of Accessory Elements in Spodumene Pegmatite

Company
GTK

Keliber Oy

Element
Be
Nb
Ta
P2O5 (%)
Be
P2O5 (%)

Mean grade, ppm
181
41
43
0.3
195
0.18

Spodumene crystals are light greyish-green in colour and the usual length of the elongated grains
is 2-10 cm. The Fe-content varies from 0.07 % to 1.00 % (as FeO) and Mn from 0.03 to 0.23 %
(as MnO) in the microprobe analyses by GTK (Kuusela et al. 2011). An interesting detail in
spodumene is again tiny amounts of fluorine (F 0.0 - 0.03 %) and phosphorous (P2O5 0.00-0.02
%). Spodumene pegmatite is shown in a core-box photo in figure 8-10.
Columbite-tantalite is the second mineral with a possible economic value. It occurs as small grains,
about 0.2-2 mm in diameter. About half of the grains are Fe-tantalites and the other half Mntantalites by GTK. The range of Nb and Ta contents in whole-rock analyses is 13-209 Nb2O5 ppm
and 3-547 ppm Ta2O5 (Kuusela et al. 2011).

8.4

Outovesi
The Outovesi deposit was discovered in 2010 by Keliber. GTK had previously drilled a few holes
close to the area using a target name “Kehäkangas” (figure 7-2). Both the discovery hole (OV-2)
and inventory drilling was carried out in late 2010 (Sandberg 2011c). Few holes were drilled in
2012 (Sandberg 2012a) and 2013 to test extensions of the known deposit and possible new veins
(table 8-6). A master thesis about geology of the deposit was made in 2012 at the University of
Oulu (Lehto 2012).
Table 8-6. Core Drilling Periods and Holes at Outovesi

Year(s)

Company

2010
2012-2013
Total

Keliber Oy
Keliber Oy

Holes
number
23
8
31

m
1 814.90
797.90
2 612.80

Analyses
number
221
70
291

The maximum thickness of the pegmatite vein is about 10 m and the length almost 400 m.
Resources of this small deposit were estimated by Outotec (Finland) Oy shortly after the discovery.
The resources are (Loven & Meriläinen):
Indicated resources:
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No outcrops exist on the deposit area or surroundings. The bedrock is covered by till, which is
washed at the surface with lots of boulders. Close to the bedrock there is often a sandy layer in till.
The mean till thickness is ten meters.
The rock type around the spodumene pegmatite vein is homogenous mica schist with coarse
grained type, logged as greywacke. Mica schist includes narrow skarn layers and small quartz
veins. In the northern end of the deposit the structure changes to more complicated and graphitic
or black schist layers in mica schist are common. The location of the vein with a topographic map
is shown in figure 8-5.
The sedimentary rock bedding is dipping about 10-50°to ESE and the pegmatite vein is almost
perpendicular to bedding dipping 50°to NNW. This might be the reason for absence of parallel
veining. The pegmatite veins in Länttä and Rapasaari are parallel to contact rock bedding with
numerous small parallel pegmatite veins. Outovesi has no parallel veins. Spodumene is altered to
muscovite at the contacts. The altered zone varies from few cm to 2-3 meters. Occasionally this
alteration has happened also close to the center of the pegmatite.
Main minerals of the spodumene pegmatite are albite, quartz, potassium feldspar, spodumene
and muscovite. No detailed mineralogical studies have been done. Probably the accessory
minerals are close the same as in Syväjärvi and Rapasaari. Mean grades of Be and P2O5
indicating beryl and apatite are Be 177 ppm and P2O5 0.3% (spodumene pegmatite samples
grading > 0.50 % Li2O).
Figure 8-5. Spodumene Pegmatite in Outovesi and Deposit Model by Outotec (Finland) Oy

Spodumene crystals are light greyish-green in colour and the usual length of the elongated grains
is 2-10 cm similar as in Syväjärvi and Rapasaari. Reddish spodumene crystals are not found.
Typical spodumene pegmatite of Outovesi in a drill core is shown in picture 8-8.
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Picture 8-8. Massive Spodumene Pegmatite with Low Grade Muscovite Pegmatite. Yellow numbers
indicate Li2O-grades of the samples between the analytical boundaries (red lines). Sample “0.74 /
0.74” is a pulp duplicate sample.

8.5

Leviäkangas
Leviäkangas lithium pegmatite deposit is located in the municipality of Kaustinen in western
Finland, about five km south of the Outovesi deposit. Suomen Mineraali Oy found the deposit
based on boulder indications in the 1960`s and drilled the first holes. Investigations were continued
by Paraisten Kalkki Oy in the 1980`s. GTK executed exploration and drilling of the deposit in 20042008. Based on their own and previous results, GTK prepared a resource estimate in 2010.
Estimated indicated mineral resources were 2.1 Mt grading 0.70-0.85 % Li2O for a 0 % Li2O cutoff or 0.5 Mt with 1.10 % Li2O for a 1.0 % Li2O cut-off value (Koistinen et al. 2010a). Location of
Leviäkangas is shown in figure 7-2.
Keliber acquired the exploration rights for the deposit in 2012 and started an inventory and
exploration drilling programme in the central area to get data for structural analysis and a reliable
resource estimate. Totally three drilling campaigns were carried out, the first in late 2012 and the
last in early 2014 (Sandberg 2013b and 2014c). The drilling history is shown in table 8-7.
Table 8-7. Core Drilling Periods and Holes at Leviäkangas

Year(s)

Company

1965-1966
1980
2006-2008
2012-2014
Total

Suomen Mineraali Oy
Oy Partek Ab
GTK
Keliber Oy
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number
12
12
22
30
76

m
887.02
2 402.65
2 032.05
2 244.10
7 565.82

Analyses
number

128
323
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The first inventory drilling phase by Keliber Oy concentrated to the central area. Based on the
results Outotec (Finland) Oy prepared a resource estimate using a cut-off grade of 0.50 % Li2O
(Loven & Meriläinen 2013c):
Indicated resources:
Inferred resources:

0.19 Mt
0.21 Mt

1.13 % Li2O
0.9 % Li2O

The location of the estimated deposit is shown in figure 8-6 and the Outotec model in picture 8-9.
In the figure 8-6 are presented the geological map of Leviäkangas (Koistinen et al. 2010a) with drill
holes by Keliber and the resource model area by Outotec (Finland) Oy (left figure) and a cross
section of the latest drilling target locating to East from the main deposit. In the picture 8-8 indicated
resources are marked as yellow and inferred as green colour. The blue scale net is 50 x 50 m.
Figure 8-6. Geological Map of Leviäkangas and Cross Section of Latest Drilling Target

The second and third drilling phase concentrated to old spodumene indications, discovered by
Suomen Mineraali, to South-West and East from the estimated main deposit. These targets as
well as many boulder indications are open and are waiting for future drilling operations.
There are no outcrops in the Leviäkangas prospect area. The bedrock is covered by till and the
mean thickness in the central area is seven meters. Till is overlain by shallow peat layers in lowlying areas. The geological interpretation is based on the drill core information.
The spodumene pegmatite has intruded the sedimentary rock package, which contains mainly
mica schist with coarse grained greywacke layers. Narrow skarnated layers and small quartz veins
are in places common. Small fractures contain often pyrite and minor pyrrhotite. Also some minor
plagioclase porphyrite and black schist layers are found in few locations. However, mica schist –
greywacke is dominating.
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Picture 8-9. Deposit Model of Leviäkangas Looking to West. By courtesy of Outotec (Finland) Oy.

The main deposit is about 250 m long and the maximum thickness is close to 15 m. The vein is
wedge-shaped widening to the surface and close to optimal for open pit mining. It is striking to
NNW and dipping 40-70° to WSW. The contact rock bedding is dipping from 150°/ 20° to 210°/
60° depending on the area, based on quite clear oriented core measurements. Thus the pegmatite
is cutting the sedimentary rocks.
The main minerals in the spodumene pegmatite are albite (41 %), quartz (28 %), potassium feldspar
(15 %), spodumene (10 %) and muscovite (6 %). The common accessory minerals are apatite, Liand Mn-Fe-phosphates, garnet, beryl and Nb-Ta-oxides (Ahtola et al. 2010a). The chemical
composition of pegmatites is based on both the analyses by GTK and later on by Keliber Oy.
Table 8-8. Mean Grades of Important Minor Elements

Company
GTK

Keliber Oy

Element
Be
Nb
Ta
P2O5 (%)
Be
Nb
Ta
P2O5 (%)

Mean grade, ppm
67
61
59
0.31
1444
60
61
0.27

Spodumene occurs typically coarse grained, light greyish green, lath-shaped crystals. They are
usually 2-10 cm long and orientated perpendicularly against the vein contact. The FeO content is
0.17 – 0.50 % and MnO accordingly 0.05 – 0.12 %. At the contacts, spodumene has more or less
altered to muscovite. In picture 8-9 is a typical situation with about one meter low-Li muscovite
pegmatite and elevated Li-grade in the sedimentary wall rock. Also one low grade internal
spodumene pegmatite (0.10 % Li2O), logged as muscovite pegmatite is visible.
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The Nb2O5 content in pegmatite varies from 12 to 312 ppm and Ta2O5 between 8-337 ppm. Both
of these elements are mostly carried by Mn-columbite, partly by Mn-tantalite and the grain size is
small, 0.2 – 2 mm. MnO grade (usually 11-12 %) is almost double as high as FeO (6-7 %) (Ahtola
et all. 2010a).

Picture 8-10. Spodumene Pegmatite with Low Grade Muscovite Pegmatite and Enriched Mica Schist
at Contact. Yellow numbers indicate Li2O-grades of the samples between the analytical boundaries
(red lines). Sample “1.38/1.63” is a replicate sample.

8.6

Emmes
The Emmes lithium pegmatite deposit is located in the municipality of Kruunupyy in western
Finland, about 30 km southeast from the city of Kokkola (figure 7-2). Suomen Mineraali Oy found
the deposit based on boulder indications in the 1960`s and drilled the first holes. The last holes
were drilled by Partek Oy in the 1980`s. A “draft style” resource estimate were also made at that
time, resulting 1.3 million tonnes / 1.3 % Li2O.
The old drill core boxes from the drilling phases of Suomen Mineraali Oy and Partek Oy are located
in the storage facilities of Keliber. Joakim Ånäs re-logged most of core in 2006 and prepared his
master thesis based on the old analytical data (Ånäs 2007). Keliber acquired the exploration rights
for the deposit in 2012. Most of the boxes were re-logged and re-analyzed in 2012 by Keliber
(Sandberg 2013a). Thus Li-grades were tested. However, the drill core data cannot be utilized
before confirming collar-survey data. No old drill rods or other site indications are available and
many of the old holes were drilled on the ice. Collar coordinates were transformed from old maps
using some fixed points. The built 3D model looks realistic and “correct” after these transformations,
but the only way to prove this is to drill few new holes and see if these fit correctly to the model.
Keliber carried out a small drilling campaign in 2014 including ten holes to the SE-end of the deposit
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(Sandberg 2014b). Winter conditions prevented drilling on the ice at that time. The drilling and
analytical history is presented in table 8-9.
Table 8-9. Core Drilling Periods and Holes at Emmes

Year(s)

Company

1960-1981
2012
2014
Total

Partek
Keliber Oy
Keliber Oy

Holes
number
84
38
10
94

m
8 890.85
Re-analyzed
1 108.50
9 999.35

Analyses
number
200
434
118
752

The Emmes deposit is mainly outcropping under the Lake Emmes Storträsket close to the Emmes
village (figure 8-7). The overburden thickness is under ten meters on the pegmatite outcropping
under the lake, but reaches close to 20 meters under the Emmes village. The mean thickness on
the deposit area is about ten meters.
Figure 8-7. Location of Emmes Deposit Close to Emmes Village

The dominating rock type of the Emmes area is mica schist with more coarse grained type called
as greywacke. The schist has in places narrow quartz rich skarnated layers with tremolite and
sometimes garnet. The other, less common type of schist is sulphidic and graphitic mica schist
with narrow veinlets of quartz, pyrite and pyrrhotite.
The pegmatite vein is about 400 m long, flat lying SE-NW orientated sheet dipping some 45° to
SW (picture 8-11). The maximum thickness is about 20 m. The vein is cutting the general bedding
of the wall rocks. Spodumene is quite evenly distributed in pegmatite. Also the crystal orientation
is more uniform than in other deposits. In both pegmatite contacts spodumene has altered to
muscovite, usually at a distance of few tens of centimeters.
Resources were estimated in three phases. The results are in the table 8-10. The deposit is partly
open to depth and to NW. The NW-end is not included in the Outotec (Finland) Oy estimate,
because no new confirming drill holes were drilled.
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Table 8-10. Estimated Resources of Emmes Deposit

Year

Estimated by

1981
2007
2014

Partek
Joakim Ånäs
Outotec

Tonnage
Mt
1.3
1.26
0.82

Li2O
%
1.3
1.4

Picture 8-11. Deposit Models of Emmes

The spodumene colour is typical light grayish green as in Syväjärvi or Outovesi. The spodumene
colour of the old drill core is much darker green, indicating possibly some alteration or iron oxidation
during the storage period of almost 50 years. Also brownish red spodumene is found in few
weathered old holes under the Emmes village. These intercepts are close to the bedrock surface.
No detailed mineralogical studies have been done by Keliber. The mean beryllium grade in the reanalyzing campaign in 2012 is 189 ppm. Massive spodumene pegmatite is shown in picture 8-12.

Picture 8-12. Massive Spodumene Pegmatite with Parallel Orientation of Spodumene Crystals. Yellow
numbers indicate Li2O-grades of the samples between the analytical boundaries (red lines).
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9

EXPLORATION

9.1

Exploration Methods
During all the exploration history pegmatite boulder / float hunting and mapping has been the most
time consuming but effective method because of a large number of boulders. Keliber has mapped
more than 1000 spodumene pegmatite boulders from 2010 to 2014. The boulder fans have been
followed to a possible area of origin. This area is investigated by magnetic measurements and / or
till geochemistry before core drilling. After discovering a pegmatite vein the orientation is
interpreted using contacts and other structures in orientated core, orientation of spodumene
crystals in core and geophysical measurements with known geological structures. After this phase
a more systematic infill drilling is started.
In areal exploration lithogeochemistry has been and in the future will be even more important
method. A pegmatite deposit has a Li-Rb-Cs halo around the deposit. The halo is some 10 times
larger than the vein being thus easier to discover than the vein itself (Sandberg 2014a).

9.2

Exploration Results and Potential
Most of the deposits were discovered already in 1960`s using boulder hunting and following
boulder fans to North-West. Drilling was targeted to the NW-end of the fan. Emmes, Leviäkangas
and Syväjärvi were found with this systematic approach.
Keliber discovered Outovesi in 2010 and GTK found Rapasaari in 2009. All these five vein deposits
were later on drilled by Keliber for increasing the resources in measured and indicated categories.
Extensive exploration of GTK and Keliber has adduced several drilled spodumene pegmatite veins
and even more boulder indications of undiscovered deposits (figure 9-1). They are located in
clusters following suitable geological rock types and structures. Large areas are covered by peat,
sand or clay without boulders and thus boulder indications are missing. These areas will be
explored in the future by using litho- or till geochemistry with detailed geophysics.
Good exploration results and a large number of ore-grade spodumene pegmatite boulders with
favorable geological structures indicate excellent potential for new outcropping pegmatite
discoveries in the Kaustinen-Kokkola area. Exploration and studies of deposits and their geological
settings during the last ten years has improved the exploration methodology to the level which
enables a successful exploration in the future.

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

66 (215)

Figure 9-1. Spodumene Pegmatite Boulders and Deposits (> 1000 in number)
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10

DRILLING AND SURVEYS

10.1

Drilling
The drilling contractor in all the targets, drilled by Keliber, has been a Finnish drilling company Oy
Kati Ab using mainly one, partly two rigs. The company is considered as highest quality in Finland
with an environmental certificate. The rig type was wireline Onram 1000 (picture 10-1) and casing
size WL66 with a drill core diameter of 50.7 mm.
A normal run (length of the core sample tube) is three meters. After a run the sample tube is
emptied to a contemporary core box and then moved to a final core box putting core pieces in
order (picture 10-2). A possible core loss was measured by drillers and marked to the box with a
depth indication. Core loss in pegmatites is very uncommon and RQD is usually 100 %.

Picture 10-1. Drill Rigs at Syväjärvi in March 2013

Picture 10-2. Setting Core from Contemporary Box to Final Core Box
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An iron rod was left to holes, capped by an aluminium cap with the hole indication. These rods
extend through overburden into the bedrock making a later extension of the hole and in hole
surveys possible.
An often used drilling grid is 40 * 40 m, which is usually dense enough for classification of resources
to the indicated category. Drilling is extended usually vertically to a depth of about 100 m, targeting
only open pit minable resources. Few deeper holes test the deep extension of the drilled deposit.

10.2

Surveys
Collar coordinates were measured by a private survey consultant Timo Tiala. The instrument is
Topcon Hiper Pro GL RTK and the coordinate system is the Finnish KKJ2 or KKJ3. The accuracy
of the GPS-measuring system is 2-3 cm. Coordinates at Outovesi was measured by GTK (Mr
Jukka Kaunismäki) using a similar instrument and system.
The azimuth was measured by setting a rod with two hanging strings into the drill hole rod, setting
an orientation stick to a distance of 15-20 by sighting with the strings, measuring both collar and
orientation stick coordinates and to the end calculating the hole azimuth. Thus only the start
azimuth was measured. Bending of the holes is usually insignificant and most of the holes are
orientated perpendicular to the vein deposit. Thus an influence to sampling grid is small. However,
surveyed dip and azimuth were used in resource estimates.
The hole dip in holes shorter than 100 m was measured by KaTi drillers using a DeviDip
instrument. The measuring interval was 10 m. In longer holes the in-hole azimuth and dip was
surveyed by drillers using DeviFlex instrument by an interval of 4 m.
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11

SAMPLE PREPARATION, ANALYSIS AND SECURITY

11.1

Sample Logging, Preparation and Analysis
Drill cores are logged at Keliber´s facilities in Kaustinen. Logging included first core quality
measurements (correct box numbering and depth marks by drillers and possible core losses). The
second step was lithological and mineralogical logging of selected core intervals for analysis and
also for non-analysed core. The sampling depths and analytical numbers were written to core
boxes (picture 11-1). Analytical numbers were marked also to core for minimizing error possibilities
in the core cutting.

Picture 11-1. Core Boxes with Box and Sample Indications and Markings in Logging

In mineral logging attention was concentrated in spodumene by writing down crystal size,
orientation, colour and estimated amount. Also RQD was measured. Core orientation was marked
by drillers every 10-15 m, when the core is unbroken enough, using the “wax stick method”.
Orientation of pegmatite contacts, general bedding and main jointing were measured when
possible. Logging and sampling boundaries are the same and are either lithological, structural or
mineralogical. The logging / sampling length in pegmatite varies usually from 0.2 to 2.0 m.
Sampling outside of pegmatite limits usually only to contact rocks.
After logging core boxes were photographed as dry and pegmatites also as wet. Most of the
logging data (depths, core loss, RQD, rock type and analytical numbers) were written to Excel
sheets for using in resource estimations after an Access transformation.
Core was cut by an automatic diamond saw (picture 11-2). Half core was dried, packed to plastic
bags for analysis and sent to the laboratory for preparation and analysis.
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Picture 11-2. Core Logging and Cutting in Progress

Two separate laboratories have made the sample analyses during the period from 2010 to 2015.
A Finnish laboratory Labtium was used in 2010-2012 and 2014-2015. In 2013 samples were
analyzed in the global laboratory group of ALS.
ALS has a preparing laboratory at Outokumpu. There core samples were weighed, measured SG
and crushed to – 6 mm. Crushed samples were split to a minimum of 0.5 kg. This was pulverized
and sampled for analysis, which was sent by air mail to the laboratory in Vancouver. A small plastic
can was stored for a possible analytical use in future. The crushed reject is weighed and stored
for possible metallurgical testing. The analytical package by ALS in Vancouver is four acid leaching
followed by ICP (ALS- methods ME-MS81. Be,Li-ICP61 and >10 000 ppm Li by Li-OG83). The
Outokumpu preparing laboratory was checked and tested by the writer many times during the last
ten years.
Labtium is the former laboratory of Geological Survey of Finland. They have three areal
laboratories in Finland. The laboratory located in Rovaniemi was used for these analyses. The
shipped core samples were weighed, dried and crushed to – 6 mm.
Coarse crushed samples were split using a rotary splitter to a weigh of 0.7 kg by a robotic system.
This was pulverized and sampled for analysis. A small plastic can filled with pulp (60-100 g) was
stored for a possible analytical use in future. The crushed reject (-6 mm) was weighed and stored
for possible metallurgical testing. The analytical package by Labtium (code 720P) is sodium
peroxide fusion (700°C / 5 min) followed by dissolving to HCl + dilution with HNO3 and analysis
by ICPOES. The sample weight in the fusion is 0.2 g and detection limits for Li and Be are 0.001
%. An auditing visit to Labtium was arranged and reported in 2013 (Sandberg 2013d).
In 2013 it was noticed the ALS results for Li and also for Be are 10-15 % lower than in two check
laboratories (Labtium and SGS Canada) using peroxide fusion for breaking spodumene and beryl
(Sandberg 2014g). Previously (in 2004) the test results were identical. Now the 4- acid dissolving
method is not strong enough for spodumene and beryl. As a result all the mineralized pegmatite
samples were re-analyzed at Labtium in 2014. Thus all the samples used in resource estimation
have the same and tested analytical method.
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11.2

Quality Assurance and Quality Control Procedure (QAQC)
Essential QAQC issues in the sample-analysis chain are:
· Core – sample weight checks,
· Accuracy (analytical validity),
· Precision (sampling-preparation-analytical variation),
· Specific gravity (SG) for resource estimations.
The drill core for analysis is cut by a diamond saw. In unbiased data the sample length and weight
should correlate, considering small differences in SG and broken, non- homogenous core with
possible core loss. Fortunately most of the pegmatite core is unbroken with 100 % RQD and core
recovery.
Accuracy and precision have been tested in Keliber drilling programmes by using every 10th
sample for testing. Theoretically it is not the best possible, because the test samples should be
randomly placed in the sample stream. But this random system would lead to problems and source
of errors both in logging - sampling and laboratory procedures.
There is some confusion in defining precision terms duplicate and replicate. In these drilling
programmes half or quarter core is defined as “replicate” of the primary half core (often called as
“core duplicate”). A subsample split out of crushed or pulp material is defined as “duplicate”.
Every 10th sample ending (sample number) by -0 is by turns replicate or standard sample.
Replicate samples end by -10, -30, -50, -70 and -90. Replicate samples are replicates of previous
samples. Thus eg. a sample number 2010 00350 is the replicate of sample 2010 00349. Standard
sample numbers end comparably by -20, -40, -60, -80 and -00. Standard or reference samples
were put into the sample stream together with neighbouring drill core samples after cutting. The
standard (A,B,C or D) was selected by a “casting lots” system. In this references are in a random
order in the sample flow. However, the number of each reference is the same (in longer term).
Replicate/duplicate samples can be either half/quarter drill core (refined here as replicate), crushed
sample or pulp duplicates. When using crushed duplicates the variance is a sum of splitting,
pulverization and analytical variances. A pulp duplicate includes only the analytical variance. In
these drilling programmes both core and pulp replicates/duplicates were used. The laboratory
(Labtium) analysed pulp duplicates, generally about every 20th sample.
Totally both the replicate, standard and laboratory pulp duplicate sample percentage is 5 % of the
total number of assayed samples. This is slightly higher percentage as generally used (3-4 %) thus
giving a good quantitative confidence to analytical results. The system was planned and
supervised by the writer (Sandberg 2012b).

11.3

Core Length and Weight Checks
Four main reasons for errors or variations in a regression of the sample length and weight can be:
· Core is not cut in the core center, weights of the halves are not identical,
· Broken core, where cutting is partly or totally impossible and the sample is collected by a
sample spoon trying to get exactly half of core, also some core loss can exist,
· Varying SG and
· Human errors, mixing of samples or sample tags.
Figure 11-1 shows regression plots from the Syväjärvi and Rapasaari prospects. Some variation
exists in the plots but no clear indications, for example, of mixing samples are visible. Figure in left:
Half core and quarter core samples from the replicate (core duplicate) samples from Syväjärvi.
One black dot in the quarter sample cluster is a special metallurgical hole in which only a small
slice were cut out. Figure in right: Half core samples from Rapasaari grading > 0.5 % Li2O.
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Figure 11-1. Core Sample Length and Weight Checks

11.4

Analytical Standards and Blanks
The standard samples test accurate values. In this case lithium is the element of importance. In
order to get a best possible matrix for the reference samples they were prepared using blasted
and fresh spodumene ore samples from the Länttä deposit. The blank sample is from homogenous
Lumppio granite. The size of one reference sample is about 15 g. The reference samples have
been prepared and certified by Labtium (Myöhänen T, 2011). Grades for the standard samples
are presented in table below.
Table 11-1. Grades for Standard Samples

Standard
A
B
C
D

Ind. colour
Red
Blue
Green
Black

Li2O %
2.26
1.61
1.33
0.014

± %
0.03
0.11
0.11
0.001

Homogenity of the standards varies from the best (A) to lowest homogenity standard C. This has
also some influence to the analytical results during the years. The mean grades are shown in table
11-2 and in a plot in figure 11-4. The mean lithium standard grades are lower than “correct” Ligrade for all the standards, especially in 2012, being closer during the last campaign in 2014-2015.
Thus the grades are on the conservative side, which is presumably the case also in all the samples.
No memory effect or contamination is seen in the blank sample (D) results. All the B and C
standard samples are inside the ± 2 STD area, but for A few samples are close but outside on the
boundary – 2 STD.
Beryllium (as mineral beryl) does not correlate with lithium. This is seen also in the standard
grades, because the certified standard samples were selected only based on lithium. The mean
Be-grades are closer to the standard grades compared to lithium, even if variation is close the
same as of lithium. All the Be- grades of the standard D (blank) are below the detection limit (10
ppm) in table 11-2.
One erratic standard sample result (C, anal.id. 2014 41020, Li2O 0.713 % and BeO 563 ppm) exist
in the data, influencing significantly to the mean and STD grades in such a small data set.
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Table 11-2. Basic Data of Standard Samples Analysed in Labtium from 2012 to 2015

Standard
Number
Standard grade
Mean 2012
Mean 2014-2015
Min.
Max.
STD

A
35
2.261
2.160
2.220
2.004
2.347
0.084

Li2O
B
34
1.615
1.544
1.612
1.455
1.727
0.074

C
33
1.335
1.266
1.304
0.713
1.443
0.117

D
28
0.014
0.012
0.014
0.008
0.017
0.002

A
35
472
455
480
416
694
43

BeO
B
34
577
575
572
541
599
14

C
33
419
413
425
388
563
30

In the figure 11-2 the number of standards is 33-35 for each standard. Boundaries of ± 2 x STD
are shown by coloured bars on the left axis and horizontal dashed lines in the figure.
Figure 11-2. Standard Sample Grades from 2012 to 2015 in Analytical Order

11.5

Duplicates and Re-Analysis
The general amount of spodumene in pegmatite is 10-20 % of the pegmatite content. Thus the
classical nugget effect in pulp samples should be negligible. But the spodumene crystal size is
large compared to the core size. For this reason precision was tested by using core replicates.
Primary samples are half core and replicate samples quarter core cuts. The laboratory re-analyzed
pulp samples. The results are shown in table 11-3. The data presented in table 11-3 is shown in a
plot in figure 11-3.
Table 11-3. Basic Statistics of Core Replicate and Pulp Duplicate Check Results

Number
Min
Max
Mean
Median
STD
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Core
Prim.
143
0.001
2.928
1.184
1.268
0.718

Li2O
repl.
Repl.
143
0.001
2.670
1.190
1.339
0.713

%
Lab.
Prim.
130
0.011
4.694
1.021
0.863
0.858

dupl.
Dupl.
130
0.006
4.823
1.018
0.882
0.859

Core
Prim.
135
10
1 213
499
508
199

BeO
repl.
Repl.
135
10
1 881
492
486
218

ppm
Lab.
Prim.
113
28
1 943
502
500
198

dupl.
Dupl.
113
28
1 832
500
500
191
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The mean grades are close to each other both for core replicates and pulp duplicates, even if the
variation of core replicates is significant (figure 11-3). The mean absolute differences of core
replicates are also much higher than of pulp duplicates (table 11-4). The values in the table 11-4
are presented as absolute values of the data in table 11-3.
Table 11-4. Mean Differences of Primary / Replicate and Primary / Lab. Duplicate Samples

Mean
Median
STD

Li2O %
Core repl.
Lab. dupl.
0.14
0.03
0.10
0.16
0.04

BeO ppm
Core repl.
Lab. dupl.
76
14
50
96
19

Figure 11-3. Plots of Core Replicate and Laboratory Pulp Duplicate Checks for Li and Be

Variation of Be is slightly higher than of Li. The Be-grades are close to the detection limit, which
also increases variation and diffuses results.
When the low analyzed grades of ALS were noticed a composite sample set from Syväjärvi was
collected. This was made by combining exactly weighed (by primary sampling core lengths) pulp
relicts. The composite pulp was homogenized and split to four subsamples by rolling bottle splitter
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at ALS-Outokumpu. One subsample was analyzed at ALS, one at Labtium and one in SGSCanada, Lakefield. The Labtium and SGS sets were analyzed by peroxide fusion and the ALS set
by four-acid dissolving (as the primary analyses also). The results are shown in table 11-5 and in
figure 11-4.
Table 11-5. Data of Re-Analysis of Syväjärvi Composite Samples and Standards in 2013
Rock type
SPG
MPG
Sed. + volc.
Standards

Nr
32
4
7
17

Comp.
W1
61.39
65.09
57.22

W2
61.90
65.63
57.84

ALS-p
1.382
0.051
0.215
1.491

Li2O
ALS-r
1.340
0.052
0.211

%
Labt.
1.555
0.062
0.229
1.509

SGS ALS-p
1.508 373
0.057 377
0.212 18
1.402 420

BeO ppm
ALS-r Labt.
362
465
351
463
17
14
407

SGS
476
447
20
412

(Red numbers are certified grades of the standards)
Rock type
SPG
MPG
Sed. + volc.

ALS-p
35.7
42.8
17.6

Nb2O5
ALS-r
37.5
46.5
18.6

ppm
SGS ALS-p
33.1
25.0
41.8
47.8
17.2
3.5

Ta2O5
ALS-r
24.7
49.8
3.6

ppm
Cs
SGS ALS-r
22.1 39.0
42.5 66.0
3.1 111.6

ppm
Rb
SGS ALS-r
36.8
487
60.0
529
110.7 204

ppm
SGS
460
515
215

For the table above:
SPG = spodumene pegmatite composite samples
MPG = muscovite pegmatite composite samples,
Sed.+volc. = sedimentary and volcanic waste rock composite samples,
Nr = number of weighed composites (each composite includes 4-15 primary samples),
W1 = theoretical calculated mean weigh of the composites,
W2 = weighed composite mean after combining the primary subsamples,
ALS-p = Calculated, weighed (by sample lengths), “theoretical” composite mean grade,
ALS-r = Re-analyzed composite mean grade by ALS,
Labt. = Analyzed composite mean grade by Labtium,
SGS = Analyzed composite mean grade by SGS
The ALS results (primary and re-analyzed) are close to each other as mean grades and have a
good correlation. The Labtium and SGS grades also correlate to the ALS grades but have different
slopes in the plots (figure 11-6). The mean Li-grades of the spodumene pegmatite samples are 16
% (Labtium) and 13 % (SGS) higher than re- analyzed ALS-grades. SGS-grades are slightly lower
than Labtium-grades. This is seen also when comparing analyzed Li-grades of the certified
standard samples. The difference is much higher for the Be-grades. The evident reason is an uncomplete dissolving of spodumene and beryl by using the four-acid dissolving of ALS. For this
analytical difference all the ore-grade pegmatite samples of the Syväjärvi and Leviäkangas targets
were re-analyzed at Labtium.
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Figure 11-4. Plot of Re-Analysis Results by ALS, Labtium and SGS in 2013

For the figure above:
Green = re-analysis by ALS , four acid dissolution + ICP-AES (ALS-code Be,Li – ICP61)
Red = Labtium, peroxide fusion + ICPOES (code 702P)
Black = SGS, peroxide fusion + ICP-AES/MS (code GE_ICM90A).

11.6

Specific Gravity
SG was measured at Keliber´s office at Kaustinen using the classical immersion method, weighing
in air and water. The balance is Mettler Toledo, Type New Classic MF, max. 4.2 kg / readability
0.01 g. Most of unbroken half core pieces were weighed and the weights varied between 0.5 and
4.0 kg depending on the sample core length. The weight of one meter full core is about 5 kg. Thus
the half core weight is 2.3-2.4 kg. Two SG standards were used, a sedimentary rock core standard
(SG 2.822 ± 0.003) and aluminium bar (SG 2.715 ± 0.003). They were used in turns as every 10th
sample. The standards stayed all the time inside the variation limits.
Specific gravity (SG) of spodumene pegmatites varies mainly depending on the amount of
spodumene. SG of feldspars and of quartz is 2.6-2.7 but of spodumene about 3.15. The ore grade
(usually 10-20 % spodumene) SG varies between 2.65 and 2.80. Pegmatites are unporous and
unbroken. Then the wet and dry SG are identical.
Figure 11-5 shows the SG distribution of the Rapasaari ore grade pegmatite samples. The figure
also indicates the correlation of SG and Li2O grade (Syväjärvi samples). Interpolating the figure to
the Li2O grade of 7 % (pure spodumene) the SG would be about 3.15, which is the general SG of
spodumene. However, the variation of SG in spodumene pegmatites is small and it is the most
reliable component in the elements for resource estimates.
Figure 11-5. SG Distribution of Rapasaari Spodumene and Syväjärvi Ore Grade Samples
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11.7

Conclusion
QAQC procedures have been executed following usual high industrial standards and international
practices. No open and unprocessed risk factors have been found and the chain logging –
sampling – analysis – QAQC should fulfill standards and be acceptable for resource estimates and
mine planning. The writer, Esa Sandberg, has a Scandinavian competency for “competent person”
with more than 40 years international experience, and he has planned, supervised and been
responsible for all the methods and procedures.
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12

DATA VERIFICATION
Description of the sample logging, preparation and analysis, Quality Control and Quality
Assurance and Summary statement are provided in sections 11.1. 11.2 and 11.7.
The database audit has been described in sections Syväjärvi 14.2.2, Rapasaari 14.3.2, Länttä
14.4.2 and Outovesi 14.5.2.
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13

MINERAL PROCESSING AND METALLURGICAL TESTING

13.1

Historical Testwork
Several metallurgical testwork programmes have been undertaken in support of Keliber project
since 2001.
Testwork programs and technical reports are covering the spodumene concentrate production by
conventional mineral processing methods and lithium carbonate production by pressure soda
leaching process. Testwork programs also include preliminary engineering of the spodumene
concentrator by VTT Technology in 2003 and the lithium carbonate production plant by Outokumpu
Technology.
All reports are listed in chapters below. The list included also if the report or document is available
in English or Finnish. The latest testwork reports that are used as a basis for the selected lithium
carbonate production flowsheet are summarized in their own chapters for quick review.

Mineral Processing Testwork
List of research reports that are supporting the spodumene concentrate production:
· VTT Mineral Processing, 2001. Reijo Kalapudas, Concentration of the pegmatite ore of
Ullava Länttä ore, Stage 1 (Report in Finnish)
· VTT Mineral Processing, 2002, Reijo Kalapudas, Markku Klemetti, Tuula Saastamoinen
and Jukka Laukkanen, Concentration experiments in pilot scale of the pegmatite ore of
Ullava Länttä, Keliber Project, Stage 2 (Report in Finnish)
· Outokumpu Technology, Physical Separation Division, 2002, Chip Cleaves, Separation of
Dark colored particles from a Spodumene with High Earth Roll Magnetic Separator (Report
in English)
· Outokumpu Technology, Physical Separation Division, 2002, Chip Cleaves, Cleaning of
Spodumene Concentrate using Rare Earth Roll Technology, and Ta-Nb Concentrates using
High Tension Electrostatic Separation (Report in English)
· Outokumpu Technology, Physical Separation Division, 2003, Magnetic Separation of
Spodumene Ore (Report in English)
· VTT Mineral Processing, 2003, Reijo Kalapudas, Markku Klemetti, Raimo Tahvanainen and
Pekka Mörsky, Basic engineering of the concentrator plant (Report in Finnish)
· GTK Mintec, 2014, Tapio Knuutinen, Spodumene Concentration on Keliber ore Samples
Using Gravimetric methods in pilot scale (Report in English)
· Met-Solve, 2014, Wilhelm Tse, Dense Media Separation Testwork program (Report in
English)
· GTK Mintec, 2015, Tapio Knuutinen, Reijo Kalapudas/Keliber, Spodumene concentration
on Keliber Länttä-3 Sample in pilot scale (Report in English).
· Knuutinen Tapio & Kalapudas Reijo, 2015. Spodumene Concentration on Keliber Länttä-3
Sample. Geological Survey of Finland (GTK Mintec), 47 pages and appendixes 1 -11
(Report in English).
· Korhonen Tero & Kalapudas Reijo, 2015. Mineral Processing Tests on Syväjärvi Sample of
Keliber Oy, Draft report. Geological Survey of Finland (GTK Mintec), 14 pages and
appendixes 1 -7 (Report in English).
· Teperi Jussi, 2015. Cost Estimate of Technology Package Spodumene Concentrator, rev
1. Outotec Finland Oy, 5 pages (Report in English).
· Teperi Jussi, 2015. Equipment list, rev 1. Outotec Finland Oy, 3 pages (Report in English).
· Teperi Jussi, 2015. Keliber Spodumene Concentrator Flowsheet, rev 1. Outotec Finland Oy
(Report in English).
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· Teperi Jussi, 2015. Keliber Spodumene Concentrator Mass balance, rev 1. Outotec Finland
Oy, 4 pages (Report in English).
· Teperi Jussi, 2015. Keliber Lithium Carbonate Plant Study, Process Description
Spodumene Concentrator. Outotec Finland Oy, 5 pages (Report in English).

Lithium Carbonate Production
List of research reports that are supporting the lithium carbonate production from the spodumene
concentrate:
· Outokumpu Research, 2002, Liisa Haavanlammi and Reijo Tontti, Pre-experiments of
lithium carbonate production (Report in Finnish)
· Outokumpu Research, 2002, Helge Krogrus and Esko Lamula, Laboratory-scale
conversion experiments of spodumene concentrate (Report in Finnish)
· Outokumpu Research, 2002, Liisa Haavanlammi and Reijo Tontti, Production experiments
of lithium carbonate (Report in Finnish)
· Outokumpu Research, 2003, Liisa Haavanlammi and Reijo Tontti, Production pilot
experiment of lithium carbonate (Report in Finnish)
· Outokumpu Technology, 2003, Seppo Prokkola, Basic engineering of lithium spodume
treatment, hydro process (Report in Finnish)
· University of Oulu, 2003, Process metallurgy, Pekka Tanskanen, Spodumene Conversion
in in-direct heated rotary kiln (Report in Finnish).
· Outokumpu Research, 2004, Liisa Haavanlammi, Marika Jyrälä and Reijo Tontti, Further
experiments of lithium carbonate production (Report in Finnish)
· Tiihonen Marika, 2015. Equipment list of the 6000 tpa Li2CO3 plant. Outotec Finland Oy, 6
pages (Report in English).
· Kolehmainen Eero, Vanhatalo Aki, Kravtsov Tero, Kurki Pekka, Vesa Leena, Alitalo Mauri
& Huuhilo Tiina, 2015. Keliber Plant Study Test Report. Outotec Research Center, 38 pages
and appendices A – G (44 pages), (Report in English).
· Tiihonen Marika, 2015. Calcining and Sieving mass balance. Outotec Finland Oy, 11 pages,
(Report in English).
· Tiihonen Marika, 2015. Process Discription, Li2CO3 Recovery via Pressure Leach Process
of Spodumene Concentrate, rev 1. Outotec Finland Oy, 9 pages, (Report in English).
· Tiihonen Marika, 2015. 6000 tpa Lithium Carbonate Production Plant Calcining, Soda
Pressure Leaching and Li2CO3 Recovery for Spodumene Concentrate, Process Design
Criteria, rev 1. Outotec Finland Oy, 9 pages, (Report in English).
· Vanhatalo Antti, 2016. Keliber Syväjärvi Spodumene Concentrate Leaching Test. Outotec
Finland Oy, 10 pages (Report in English)

13.2

GTK Mintec Länttä Testwork 2015
A pilot dense media separation (DMS), rod mill grinding with gravity separation and flotation was
conducted in 2015 at the GTK Mintec facility in Outokumpu Finland, using 14.8 ton of Länttä
mineralized material with feed rate of 300 kg/hr. The earlier bulk sampling operation delivered the
material and it was named as Lä-3. The material used in the testwork assayed 1.27 % Li2O, 0.0092
% Nb and 0.0024 % Ta as presented in the projected mass balance.
Laboratory scale flotation tests were used to complement pilot plant results which were poor in
flotation due to problems with desliming cyclones. Pilot run was unfortunately limited by the sample
material and optimisation of the flotation was not be able to complete. Pilot plant dense media
separation and laboratory flotation teswork results combined were presented as the projected
mass balance which has been used as a basis for Outotec’s study of spodumene concentrator.
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Table 13-1. Projected Mass Balance of Pilot Processing (GTK Mintec)

Sample preparation included crushing and screening to two fractions 0 – 3 mm and 3 – 6 mm.
Dense media separation was executed separately for size fractions above and – 1 mm material
was screened before pilot processing. Fines was fed directly to the spodumene flotation.
A single rod mill was used in the grinding in a closed circuit to avoid producing the slimes.
Classification was executed at two steps. Derrik wet screening in the first phase and hydrocyclones
in the second. Oversize from the screen was returned to rod mill and undersize was pumped to
cyclones. Cyclone overflow gravitated to magnetic separation where remaining ferrosilica, process
iron and magnetic minerals were removed prior preflotation. Cyclone underflow was fed to gravity
spirals and tailings from the gravity circuit returned back to rod mill. As wrote above desliming
cyclones did not work properly in the pilot run and operation of the flotation circuit was not optimal.
Therefore, process conditions in flotation at the pilot plant is not described here but summary of
the laboratory flotation testwork is provided in chapters below.
Feed material to laboratory flotation test work was a composite of the dense media float, minus 1
mm material. Batch flotation feed was first ground from 3 mm down to minus 125 µm in a laboratory
rod mill. First desliming was executed right after grinding with 15 micron sieve. Slimes were
rejected and screen oversize was fed to slurry mixing at high solid density where caustic soda was
added. After mixing followed the second desliming that was executed similar way than the first
one. At conditioning slurry pH was controlled to value 10.5 with caustic soda and flotation reagents
were added. Preflotation concentrate was rejected and tailings was fed to magnetic separation. At
the spodumene rougher floation pH was controlled to value 7.5 by sulphuric acid and flotation
reagents were added. Spodumene cleaninig flotation was followed after the rougher. The used
flotation reagent levels were in preflotation 120 g/t rape fatty acid and Emulsifier berol 30 30 g/t.
Respectively, in the spodumene flotation rates were 450 g/t rape fatty acid and 113 g/t Emulsifier
berol. No reagents were added at the cleaning stages.
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Figure 13-1. Grade Recovery Curves (GTK Mintec)

Combined flotation and dense media separation has 2 – 3 % increase to recovery compared to
straight flotation (see figure above). Objective of the testwork program was to produce final
spodumene concentrate containing over 4.5 % Li20. The results are indicating combined recovery
of DMS and flotation 85.9 % with 4.59 % Li20 content in the spodumene concentrate.
GTK Mintec recommended optimisation of the flotation condition in continuous operation at pilot
scale because described difficulties to optimise flotation in the pilot run. GTK Mintec gave also
recommendations to continue studies of Nb and Ta recovery from the gravity concentrate.

13.3

GTK Mintec Syväjärvi Flotation Testwork 2015
Laboratory scale mineral processing testwork was executed for the Syväjärvi drill core sample.
The ore sample included 200 kg material from the one selected drill hole containing 1.47% Li2O.
Testwork program included direct flotation tests and dense media separation testwork followed by
flotation of the fines and float fraction. The sample was ground below 0.150 mm for the batch float
testwork and DMS tests were executed for the crushed ore for two selected size fractions. DMS
float fractions and fines were reground below 0.150 mm before flotation tests.
The target of the testwork was to produce spodumene concentrate at grade 4.5% Li2O. With this
grade the Li2O recovery was 90.0% by direct flotation of ore and 93.5% by combined DMS and
flotation. The mass recovery in to spodumene concentrate was 28.5 wt% by direct flotation and
30.3 wt% by combined DMS and flotation. Recovery of Li2O was lower by direct flotation but more
selective with less impurities, like P2O5. Flotation concentrate contained P2O5 0.26% compared
to DMS+flotation concentrate 0.59%.
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Dense Media Separation was tested with two size fractions which were 0.0-3.3 mm and 0.0-5.0
mm. Separation was more selective with finer grind size and more response was obtained by
changing media density.
The grade of sink concentrate increased from 4.98% to 5.45% and 6.15% Li2O when the density
increased from 2300 to 2400 and 2500 g/dm3. Recovery of Li2O varied from 43 to 52 %. With a
coarser feed, 0-5 mm, the density of medium did not have much effect on grade of sink concentrate
which was about 4.5% Li2O in all three tests. Recovery of Li2O was as high as 68% with medium
density 2300 g/dm3 and still 61% with density 2500 g/dm3. One reason for higher Li2O recoveries
with coarser feed was that the mass of separated fine fraction (-1 mm) was smaller with coarser
feed and thus spodumene distribution to fines was smaller.
Flotation tests consisted of 4 tests on the ore and 14 tests for float and fines after DMS. The
flotation tests were similar to the earlier tests on Länttä material and testwork flowsheet is available
on the appendix of the original GTK Mintec report.
The testwork included the following phases according GTK Mintec report:
· Grinding of 1 kg sample in a rod mill from -3.3mm to -0.150mm particle size.
· Desliming1 of the feed at cut size 15 μm by elutriation in flotation cell.
· Mixing of deslimed pulp for 15 min with the presence of 500 g/t of NaOH at high pulp density
of 60% solids.
· Desliming2 of the feed at cut size 15 μm.
· Conditioning for preflotation at high pulp density of 60% for 5 min at pH 10.5 (NaOH) with
45-120 g/t of Rape Fatty Acid collector and 11-30 g/t of Berol 050 emulsifier. Reagent
dosages were adjusted at lower level in flotation tests of float+fines.
· Preflotation for 4 min to reduce the content of impurities like calcium and phosphate minerals
before spodumene flotation.
· Magnetic separation with LIMS (0.07 Tesla) wet drum separator to remove magnetic
minerals and iron impurities.
· Conditioning for spodumene flotation at high pulp density of 60% for 5 min at pH 7.5
(H2SO4) with 140-480 g/t of Rape Fatty Acid collector and 35-120 g/t of Berol 050
emulsifier. Reagent dosages were adjusted at lower level in flotation tests of float+fines.
· After spodumene rougher flotation 7 cleanings was done in ore flotation and 7 to 9 cleanings
in flotation of float+fines. Spodumene cleanings were done without reagents.
The highest Li2O recovery was achieved in the first flotation test. Then recovery was 90 % for Li2O
and concentrate containing 4.5 % Li2O. Flotation response was good also with the coarser grind
which was used in tests 17 and 18. P80 of the grinding was 127 µm in tests 17 and 18.
The higher mass recovery in to prefloat concentrate decreased the Li2O recovery in the
spodumene flotation and Li2O recovery slightly dropped in the later tests. But it is notable that
meantime the grade of the final spodumene concentrate was increased. It was also notable that
spodumene losses at the cleaning stages were low. In the figure below are presented the grade
recovery curves of the Syväjärvi batch float tests and Länttä test number 8 as a reference.
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Figure 13-2. Grade Recovery Curves of Syväjärvi Ore Batch Float Tests (GTK Mintec)

Desliming and preflotation have a strong effect on removal of harmful elements (especially P and
Ca) before spodumene flotation. Phosphorus is a harmful element in processing of spodumene
concentrate to produce lithium carbonate; calcium indicates the recovery of harmful minerals
(amphiboles) in flotation.
The testwork results showed that 13-17% of phosphorus and 16-21% of calcium was removed in
desliming stage 1 but at the same time recovery losses of Li2O were 5-5.8 %.
Preflotation is even more effective. The mass recovery of preflotation increased test by test from
1.3% to 3.4% whereby the loss of Li2O increased from 1.5% to 5.3%. At the same time, however,
recovery of P2O5 to prefloat product increased from 20% to 52.5% and recovery of Ca from 23 to
53.5%. Preflotation was found to be effective to remove P and Ca before spodumene flotation.
The grade of the spodumene was increased and recoveries of the harmful elements decreased
from test to test as optimisation continued.
Total recovery of Li2O was 93.5% for combined DMS and flotation the final combined concentrate
was containing 4.5% Li2O. One possible reason for high recovery could be that 60% of recovery
was obtained to sink product at coarse particle size whereby losses to fines (desliming and
prefloat) were avoided at this stage. A drawback of DMS+flotation is that the combined concentrate
has distinctly higher content of harmful elements. Grade and recovery of P2O5 is much higher in
combined concentrate than in flotation concentrate. Also other impurities, like Ca and Fe, are
higher in combined concentrate. The laboratory tests did not included the gravity concentration of
columbite concentrate (Ta and Nb).
GTK Mintec proposed to continue optimising preflotation for impurities removal and having the
gravity separation at the Syväjärvi pilot processing.
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13.4

Lithium Carbonate Production Testwork from Länttä Concentrates at Outotec
2015
Testwork program included all major process stages from the spodumene concentrate conversion
to lithium carbonate production. Approximately 3 kg of Li2CO3 products were produced for to
Keliber for marketing purposes. Target of the testwork program was to define and confirm
parameters for process design.
The program included following items:
· Feed characterization by multi-element chemical assay and mineralogical analysis
· Thermal conversion tests of alfa-spodumene to leachable beta-spodumene
· Grinding tests to measure bond ball mill index of the beta-spodumene
· Pressure leaching and bi-carbonation tests
· Solid liquid separation tests of the leach residue (Analcime)
· Ion exchange tests
· Crystallization tests of Li2CO3
Feed materials were delivered from the previous GTK Mintec Länttä 2015 program are presented
in the table below.
Table 13-2. Feed Materials at Outotec Testwork Program

Material

Kg

LiO2 %

Sink (high dense media separation)

500

4.78

Float (high dense media separation)

140

0.22

53

5.02

2SpirR (Spiral concentrate)

183

4.07

Total

876

HGMS/M (flotation concentrate)

Suitable composition samples was mixed during the testwork program to present average head
grade of 4.5 % Li2O of the feed sample.
In the thermal conversion tests 1000 ºC temperature and one hour retention time were sufficient
to convert alpha-spodumene to leachable beta-spodumene.
Converted beta-spodumene material was used in the downstream leaching and bi-carbonation
tests. The lithium yields in the leaching and bi-carbonation tests were rather low being 86 % at
highest in the laboratory batch tests. The leaching temperature was 220 °C. In the bi-carbonation
step, 3 bar CO2 pressure was used at temperature of 30 °C.
Higher lithium yields were obtained in the pilot plant leaching and bi-carbonation tests. The mixing
time was longer in the pilot scale when obtaining heating and cooling period of the batches. Grain
size of the beta-spodumene was then decreased and lithium leaching potential was increased.
The higher lithium yield in the pilot plant autoclave was 91 %. Lithium losses were noted from the
coarser spodumene particles.
Ion exchange was used for the purification of the leach solution from the metal impurities. Lewatit
TP 208 MDS resin was used and it removed efficiently Ca and Mg ions from the solution. In the
crystallization work Li2CO3 was produced from the solution. The purified solution from the ion
exchange was heated above 90 °C and Li2CO3 was then crystallized. The Li2CO3 product
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contained lithium from 17.3 up to 18.6 weight-% (Assay method ICP-MS, Outotec (Finland) Oy).
The main impurities in the lithium product were P and SiO2.
Bond ball mill work index was determined for beta-spodumene material 11.51 kWh/t. Thickening
tests were carried out in order to determine settling characteristics for the leach residue slurry. The
slurry was settled to the underflow density of 47-51 weight-% and the overflow clarity was between
27-81 mg/l. The required flocculant dosage was 10 g/t by using Superfloc N100 flocculant. The
filtration characteristics were tested for the thickened leach residue slurry and for the unthickened
slurry. For the thickened slurry, the filtration capacity of 645 kg DS (dry solids)/m2h was achieved
by vacuum filtration and for the unthickened slurry the filtration capacity was 260 kg DS/m2h by
pressure filtration.

13.5

Syväjärvi Concentrate Conversion and Leaching Testwork at Outotec 2016
The final spodumene concentrate from the Syväjärvi mineral processing testwork program at GTK
Mintec was delivered to Outotec for the conversion and leaching tests. The program at Outotec
included the alfa-spodumene conversion in chamber furnace to beta-spodumene, pressure soda
leaching tests (3.8 litres) and bi-carbonation tests. Pressure soda leaching and bi-carbonation tests
were executed in laboratory scale autoclaves.
Conversion temperature in a chamber furnace was 1060 ºC with three hours residence time. The
conversion was almost fully completed and it did not limit the lithium yield in pressure leaching.
Temperature in autoclave was 220 ºC with two hours residence time. The leach product was
cooled down to 30 ºC after the soda pressure leach autoclave. In bi-carbonation step carbon
dioxide was fed to autoclave in pressure of three bar with one hour residence time. The residue
was washed with water.
Tested processes worked well and the lithium yield into solution was 95.6 % based on the solid
phase assays. The program did not included the solid purification or lithium carbonate
crystallization tests. Similar leaching tests for Länttä samples produced the highest recovery of 86
% (based on the solution phase assays).

13.6

Summary of Metallurgical Testwork
All testwork programs combined have produced a wide range of studies to support the project.
Testwork programs at GTK Mintec have produced the sufficient data to support the completion of
study for spodumene concentrator by Outotec. The testwork programs at GTK Mintec also
produced spodumene concentrate for further lithium carbonate production tests at Outotec
research centre. Outotec has provided also a study of the lithium carbonate production based on
their testwork program results. These two testwork programs combined have produced final lithium
carbonate product for further marketing purposes.

Summary of the Mineral Processing Testwork at GTK Mintec
Head grade of the Syväjärvi testwork sample was high 1.47 % compared on the ore reserve grade
of 1.19 %. Therefore, the Syväjärvi testwork results might give better impression about the
metallurgical performance than with more presentative sample.
Sample preparation with Länttä succeed better. Average grade of the batch flotation tests is 0.98
% (calc. value) and it is matching well with total ore reserve head grade of 0.94 %.
In table 13-3 is calculated average Li2O % contents and recoveries in Syväjärvi and Länttä 2015
testwork programs at GTK Mintec. The datasets are grouped by the head grade to highlight its
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effect to flotation recovery. It can be easily seen that the head grade dominates the recovery with
Syväjärvi and Länttä samples.
Table 13-3. Average Syväjärvi and Länttä Metallurgical Results at Different GTK programs
Test ID

AVG Feed
Li2O %

AVG Flot Conc
Li2O %

AVG Li2O
Recovery%

Comments

Syväjärvi tests 1, 2, 17 and 18

1.48

4.6

88.4

Syväjärvi high grade sample

Syväjärvi tests 3-17

0.73

4.2

74.6

Syväjärvi DMS float and fines 0-5 mm, low grade

Länttä tests 4, 8 and 9

1.43

4.4

83.3

Länttä high grade sample

Länttä tests 1-3, 5-7 and 10-11

0.88

4.4

76.0

Länttä low grade sample

In figure below is presented the correlation of the feed lithium content and flotation recovery. The
head grade and recovery points are collected to present as close as possible the value 4.5 % Li2O
in the flotation concentrate. It can be seen from the results that the Li2O % recovery is correlating
well with the head grade. Therefore, decreasing head grade has a strong effect on the project
profitability. Sample selection is in critical role during the feasibility phase and ore dilution in
possible future production phase respectively. Head grade of the future testwork samples should
be more close to mineable grade to have more presentative results of the test work.
Figure 13-3. Li2O Recovery and Feed Li2O % Points of Syväjärvi and Länttä Ore

Grade recovery points of the same test work results are plotted in figure below. There are few out
layer points that are presenting low grade Syväjärvi tests with DMS products. The metallurgical
response of the Syväjärvi ore seems to be a little bit better than Länttä ore considering the
averaging higher recovery and Li2O% content of the concentrate.
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Figure 13-4. Grade Recovery Points of Syväjärvi and Länttä in Tests Programs 2015

In the pre-feasibility stage the direct flotation was selected for the spodumene concentrate
production to simplify the final flowsheet and reduce the impurity content of the spodumene
concentrate. The Li2O recovery was from 2 up to 3.5% higher by combined DMS and flotation
than direct flotation. Therefore it is recommended that in the feasibility phase flowsheet should be
optimized more carefully. The latest preflotation results with Syväjärvi ore showed effective P2O5
and Ca removal from the final concentrate which is also supporting that combined DMS and
flotation could be very realistic final flowsheet for the project.
One of the recommendations based on the results of the economic model completed in section 22
was that the DMS will increase the sales by 40 MEUR over the life of mine. Therefore, it is
recommended to reconsider to be included to the concentrator process in the bankable feasibility
phase.

Summary of the Lithium Carbonate Production Tests at Outotec
Lithium carbonate production by soda pressure leach process has been tested in several testwork
programs with material from mineral processing tests of the Länttä deposit. All process phases
from the spodumene conversion to Li2CO3 crystallization has been proved to be effective and
Outotec is willing to provide their technology package including the process guarantee.
Comprehensive testing and Outotec technology package with process guarantee will lower the
technical risk of the project.
Yield in the pressure leaching was found to increase when the grain size of the spodumene was
decreased in the pilot scale autoclave with longer mixing times. It might be justified to test response
with smaller grind size to potentially increase lithium yield further. Also, testing the process with
the Syväjärvi material will give extra value to the project.
To date testwork has confirmed the lithium recovery of 85.3 % to lithium carbonate product from
the spodumene concentrate for Länttä material. The preliminary tests with Syväjärvi material have
confirmed over 95 % lithium yield into solution but all process phases were not tested to produce
lithium carbonate and confirm the final recovery.
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Testwork completed have produced totally 8 samples of the final lithium carbonate product and
the assaying by ICP-MS method has been possible. The variation and average values of the
lithium and the major impurities in the final lithium carbonate product are presented in table below.
Table 13-4. Assay Results of Final Lithium Carbonate Product
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14

MINERAL RESOURCE ESTIMATE

14.1

Introduction and Summary
The following sections describe the methodology used by Outotec (Finland) Oy in estimating the
mineral resources of the Syväjärvi, Rapasaari, Länttä and Outovesi lithium deposits.
Markku Merilainen, MAusIMM (CP) and Pekka Lovén MAusIMM (CP) of Outotec (Finland) Oy,
both Competent Persons as defined by Joint Ore Reserves Committee (JORC) prepared the
mineral resource estimates. The resource estimates comply with the recommendations in the 2012
edition of the Australasian Code for Reporting of Mineral Resources and Ore Reserves (the JORCcode).
Mr Markku Merilainen and Mr Pekka Lovén visited all the mining sites during 11. - 12.9.2014. They
had explored Länttä earlier, year 2010. Mr Meriläinen also visited Syväjärvi 2013.
A summary of estimated deposit resources of Keliber Lithium project is shown in table 14-1.
Table 14-1. Resource Summary of Estimated Deposits (cut-off grade is 0.50 % Li2O)

Deposit

Resource class

Syväjärvi

Indicated
Inferred
Indicated
Inferred
Measured
Indicated
Meas. + Ind.
Indicated

Rapasaari
Länttä

Outovesi

14.2

Tonnage
Mt
1.53
0.19
1.811
0.16
0.437
0.910
1.347
0.283

Li2O
%
1.35
1.32
1.25
1.3
1.10
1.04
1.06
1.40

Syväjärvi
Deposit Geology
The Syväjärvi mining licence area is located on the Pohjanmaa schist belt between the Central
Finland Granite Complex and the Vaasa Migmatite Complex. The schist belt is composed of mica
schists and greywackes with some sulphide bearing black schists and volcanic rocks.
The dominating rock type of the Syväjärvi area is mica schist with coarser grained type called as
greywacke. The schist has in places narrow quartz rich skarnated layers with tremolite and
sometimes garnet. One type of schist is sulphidic and graphitic mica schist with narrow veinlets of
quartz, pyrite and pyrrhotite.
Volcanic rocks include tuff, lapille tuff, agglomerate and plagioclase porphyrite. The rock type
interpreted as volcanic tuff is fine grained, greenish, amphibole bearing and is often as interlayer
in mica schist and vice versa. Lapille tuff contains 5-20 mm lapilles and fragments of different rock
types. Agglomerate is coarse volcanic breccia with some fragments > 50 mm. Often these three
types are closely connected to each other. Plagioclase porphyrite is the only rock type outcropping
on the area. Porphyrite has usually both plagioclase and amphibole phenocrysts in varying
amounts, also with biotite aggregates. The rock type can be tuff or subvolcanic sill in origin. A
geological map based on drill hole logging is shown in figure 14-1. The map is based on Keliber
and GTK drill hole data. Older drilling is excluded because of unreliability.
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Figure 14-1. Geological Map of Syväjärvi Drilling Area

Drill Hole Database
The drill hole database was obtained from Keliber as Excel spreadsheets and was transferred into
Microsoft Access for use in Surpac software.
The Syväjärvi database contains information on 142 drill holes with a total length of 7866.39 m.
The number of assayed intervals is 1627. Assay file contains the fields for Li2O, Nb, Be, Li, Ta,
BeO, Ta2O5 and Nb2O5. The database does not contain information on densities but a number
of samples (all ALS assays) have been used to determine the SG. The SG values vary from 2.6
to 2.8 with a good correlation to lithium grade. The average SG from all measurements is 2.73.
The average density of 2.72 tonne/m3 was used throughout the estimates.
Most of the drill holes have been downhole surveyed for azimuth and dip. The short percussion
drill holes and the holes drilled by Partek Ab have not been downhole surveyed but all the holes
have a good matching with the very straightforward pegmatite vein model.
Outotec (Finland) Oy has not validated the database against the original drill logs but is in opinion
that the database integrity is good and sufficient for the purpose.

Mineral Resource Estimate and Orebody Model
The resource outlines were constructed on cross sections at intervals of 10 - 50 m based on the
lithological and assayed intervals. The nominal cutoff grade used was 0.5% Li2O. Three separate,
parallel veins, which dimensions were sufficient for mining, were modeled. The mineralized
envelopes are shown in picture 14-1. Each of the resource wireframe was used as a hard boundary
for grade interpolation.
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Picture 14-1. Syväjärvi Deposit Model

Basic Statistics
The assay data was coded using the wireframes of the mineralized zones to define the resource
intersections. The intersection codes were used to extract samples for statistical analysis and for
compositing the data for grade interpolation. Compositing of drill hole samples is carried out in
order to standardize the database for the further use in the grade estimation. This step eliminates
any effects relating to the sample length, which may exist in the data.
The summary of basic statistics of the original assays and the 2 m best fit composites used in the
grade estimation is presented in table 14-2.
Table 14-2. Basic Statistics of Composites Data Used in Grade Estimations

Variable
Number of samples
Minimum value
Maximum value
Mean
Median
Geometric Mean
Variance
Standard Deviation
Coefficient of variation

Assays
Li2O
288
0
4.05

Composites
Li2O
223
0
3.29

1.36
1.31
NA
0.52
0.72
0.53

1.39
1.35
NA
0.33
0.58
0.41

The data sets show low Coefficient of Variation which indicates that there is no need for any top
cutting the high grade assays.
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The composite length of 2 m was selected based on the dominant sample length (figure 14-3).
The histograms of the original Li2O assays and the 2 m composites are presented in figure 14-2.
Figure 14-2. Histogram of Sample Length

Figure 14-3. Histograms of Original Li2O Assays

Figure 14-4. Histogram of Two-Meter-Composites Used in Grade Estimation
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Block Model
The resource block model was created using Surpac software. The parent block size of 10 m x 10
m x 5 m with sub-blocking to 5 m x 5 m x 2.5 m was selected partly on a basis of the drilling density
and partly to honor the geometry of the mineralized lenses. The summary of the block model
parameters is shown in table 14-3.
Table 14-3. Syväjärvi Resource Block Model Parameters

Type
Minimum Coordinates
Maximum Coordinates
User Block Size
Min. Block Size
Rotation
Attribute Name
avgdst
beo
class
dst2ns
li2o
material
ns
nsr

Y
7062050
7062500
10
5
0

X
2490250
2490700
10
5
0

Type
Float
Float
Integrated
Float
Float
Integrated
Integrated
Calculated

Decimals
2
3
2
3
-

Z
-50
90
5
2.5
0
Backround
Description
-1
0
3
1=measured, 2=indicated, 3=inferred
-1
0
2
1=ovb, 2=waste, 3=ore, 4=air
0
li2o*117

Grade Interpolation
Prior to the grade interpolation the assay data was composited to 2 m downhole composites
honoring the mineralized lens boundaries. The composite length was chosen on the basis of the
dominant sample length. The average length of the samples is 1.6 m inside the mineralized
envelopes.
Inverse Distance squared method was used to interpolate the Li2O grade into the blocks. Each
domain was estimated separately using the composites belonging to the estimated domain.
The blocks inside each wireframe were filled by maximum search distances of 70 m. The search
ellipsoids were aligned to honor the main continuity directions of the ore lenses. A minimum of 5
and a maximum of 20 composites were used to estimate the grades into the blocks.

Block Model Validation
The block model validation includes visual inspection and comparing the mean between the
composited and estimated data. The visual inspection did not show any unusual problems when
compared with drill hole grade across sections and statistical comparisons of global block mean
and median grades and corresponding assay and composite grades showed expected correlation.
Figure 14-4 shows swath plots for Li2O. There is a good correlation between the curves from the
blocks and the curves from the composites. As expected the curves for the block grades are
somewhat smoother.
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Figure 14-5. Comparison of Syväjärvi Block and Composite Li2O Grades

Mineral Resource Classification
Syväjärvi deposit consists of one main parallel pegmatite vein and several smaller spodumene
pegmatite veins above and below the main vein. The main spodumene pegmatite vein has
intruded into supracrustal rocks in an anticlinal position cutting the bedding and schistosity at an
angle of 20 – 50º. The smaller veins according to contact observations and measurements seems
to be partly parallel to the bedding and partly parallel to the main pegmatite body cutting the country
rocks.
The composition of the veins is quite homogenous and consists of albite, potash feldspar, quartz
and spodumene. Spodumene occurs usually in the pegmatite veins from contact to contact so that
the longest axis of spodumene crystals are usually orientated close to perpendicularly to the
contact against the country rock. This orientation of the spodumene crystals is usually quite easily
detected in a zone of 0.5 -1 m from the contact of the country rock.
According to Outotec, the main spodumene pegmatite vein is classified as Indicated Mineral
Resource. The classification is based mainly on the drilling density and confirmed and assumed
continuity of the spodumene pegmatite vein based on the detected observations and direct
measurements from the contacts between the veins and the country rocks (picture 14-2).
Smaller spodumene pegmatite veins is classified as inferred mineral resource.
Narrow veins (usually less than 1-2 m) around the two main veins are not included into the Outotec
model and resource classification. Part of these narrow veins may be minable, especially inside
the potential open pit.
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Picture 14-2. Mineral Resource Classification. Legends: yellow=indicated and red=inferred.

Mineral Resource Statement
The table 14-4 summarizes the mineral resource of the Syväjärvi deposit estimated by Outotec
(Finland) Oy. The mineral resource has been estimated using 0.5% Li2O cut-off grade.
Table 14-4. Syväjärvi Mineral Resources as of 31.12.2015

Resource class
Indicated
Inferred

Tonnage
Mt
1.53
0.19

Li2O
%
1.35
1.32

JORC Code Documents and References
The JORC code table 1 for Syväjärvi is as appendix 14-1.
Loven Pekka & Meriläinen Markku 2015. Mineral resource estimate of the Syväjärvi Lithium
Deposit, 13 pages, 31.12.2015. Outotec (Finland) Oyj.

14.3

Rapasaari
Deposit Geology
The Rapasaari spodumene pegmatite deposit is located in the border zone of the municipalities
Kaustinen and Kokkola. GTK discovered the deposit in 2009. The deposit is subdivided into two
deposit areas: Rapasaari E and W.
The bedrock is covered by till, varying in vertical thickness from 4 to 12 meters. The mean
overburden thickness of the drilled holes is 7 m. Till is partly overlain by peat (maximum thickness
two meters). No outcrops exist in the area. The majority of the general geological outlines are
based on information obtained from diamond drilling.
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The pegmatite veins are in the central and Northern area of Rapasaari E partly weathered and
broken to the depth of 20-30 m. Such an extensive surface weathering has not been found in the
other pegmatite deposits.
The dominating rock type of the Rapasaari area is mica schist with coarser grained type called as
greywacke. The schist has in places narrow quartz rich skarnated layers with tremolite and
sometimes garnet. Also narrow mainly conform quartz veins are common. One uncommon type
of the schist is sulphidic and graphitic mica schist with narrow veinlets of quartz, pyrite and
pyrrhotite.
Volcanic rocks occur in the central area between Rapasaari E and W extending to the eastern
areas of Rapasaari E. They include tuff or tuffite and small zones of plagioclase porphyrite.
Sometimes tuff horizons are intimately interbedded to sedimentary rocks.
Mica schist contains locally some intercalations of sulphide-bearing black schists and volcanic
metasediments. Volcanic rocks include tuff or tuffites and few small zones of plagioclase
porphyrite. Usually tuff horizons are intimately interbedded to sedimentary rocks.
The spodumene pegmatite is mainly intruded into mica schist and often in or close to the contact
zone between mica schist and the intermediate volcanic rock. Spodumene pegmatites have
intruded mainly parallel to primary bedding into sedimentary rock layers forming numerous small
and large veins, which can be in places boudinaged. The dikes vary in thickness from 1m close to
20 m. In the contacts against to the sedimentary-volcanic rocks spodumene has usually altered to
muscovite, varying in thickness from few centimeters to many tens of centimeters. Also muscovite
pegmatite veins with or without spodumene are common and intimately connected to spodumene
pegmatite veins.
The Rapasaari spodumene pegmatite is composed of at least two vein swarms. Based on about
200 oriented core measurements, the supracrustal rock package with lithium pegmatite veins in
Rapasaari E is striking to NW and dipping 50-70° to SW. The structure of Rapasaari W is less
clear with a steeper dip of 70-80°and a dominating strike orientation of about 20°.
A typical feature in Rapasaari is frequently occurring swarms of thin (0.5-1.5m) spodumene
pegmatite veins following in parallel position the thicker modelled and classified spodumene
pegmatite veins. These veins are not included to the model. However quite many of these veins
can be utilized in open pit mining. Especially, a modern sorting technology can be a good solution
for utilizing these narrower veins.
The main minerals are typically albite, quartz, potassium feldspar, spodumene and muscovite. The
most common accessory mineral is apatite, which forms sometimes brightly red fluorescent grain
clusters. Spodumene crystals are usually 3-10 cm in length and 3-10 mm in width. Average total
Li2O content of the spodumene grains is 7.21% (wt-%). The spodumene grains are unevenly
distributed in the dike. A dominant feature for the elongated spodumene grains is that their c-axes
point roughly perpendicularly to the contact plane of the dike.
Markku Meriläinen and Pekka Lovén visited the project area 11. - 12.9.2014.

Drill Hole Database
The drill hole database was obtained from Keliber as Excel spreadsheets and was transferred into
Microsoft Access for use in Surpac software.
The Rapasaari database contains information on 70 drill holes with a total length of 8376.4 m. The
number of assayed intervals is 2582. Assay file contains the fields for Li, Li2O, Be and BeO. Also
lithology codes are reported together with the assay intervals.
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The database does not contain records for density. The density has been determined by water
displacement method from 187 samples. The mean of measurements is 2.69 and the median 2.71.
The density of 2.7 tonne/m3 was used throughout the estimates.
The old GTK holes have been downhole surveyed only for dip, but during Keliber drilling campaign
the holes were surveyed for both dip and azimuth.
Outotec (Finland) Oy has not validated the database against the original drill logs but is in opinion
that the database integrity is good and sufficient for the purpose.

Mineral Resource Estimate and Orebody Model
Five spodumene pegmatite dikes on the eastern dike swarm area and one on the western area
were modeled. The diamond drilling results completed up to day indicate a good potential for
further exploration works.
The resource outlines were constructed on cross sections at intervals of 10 - 50 m based on the
lithological and assayed intervals. The nominal cut-off grade used was 0.5% Li2O. The modeled
dikes are subparall, N-S – NNW-SSE striking and around 60 degrees to the east dipping units,
which dimensions were supposed to be sufficient for open pit mining. The mineralized envelopes
are shown in picture 14-3. Each of the resource wireframe was used as a hard boundary for grade
interpolation.

Picture 14-3. Rapasaari Deposit Model

Basic Statistics
The assay data was coded using the wireframes of the mineralized zones to define the resource
intersections. The intersection codes were used to extract samples for statistical analysis and for
compositing the data for grade interpolation. Compositing of drill hole samples is carried out in
order to standardize the database for further statistical evaluation. This step eliminates any effect
relating to the sample length, which may exist in the data.
The summary of basic statistics of the original assays and the 1.5 m best fit composites used in
the grade estimation is presented in table 14-5.
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Table 14-5. Composites Data in Rapasaari Grade Estimations

Variable
Number of samples
Minimum value
Maximum value
Mean
Median
Geometric Mean
Variance
Standard Deviation
Coefficient of variation

Assays
Li2O
392
0.05
3.47

Composites
Li2O
454
0.00
2.45

1.30
1.37
1.13
0.31
0.56
0.43

1.24
1.26
NA
0.23
0.48
0.38

The composite length of 1.5 m was selected based on the dominant sample length (figure 14-5).
Figure 14-6. Histogram of Primary Sample Length.

The data sets show relatively low Coefficient of Variation which indicates that there is no need for
any top cutting the high grade assays. The histograms of the original assay data and the
composited data are presented in figure 14-6.
Figure 14-7. Histogram of Original Li2O Assays
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Figure 14-8. Histogram of Composites (1,5 m) Used in Grade Estimation

Block Model
The resource block model was created using Surpac software. The parent block size of 15 m x 10
m x 10 m with sub-blocking to 7.5 m x 5 m x 5 m was selected partly on a basis of the drilling
density and partly to honor the geometry of the mineralized lenses. The summary of the block
model parameters is in table 14-6.
Table 14-6. Rapasaari Resource Block Model Parameters

Type
Minimum Coordinates
Maximum Coordinates
User Block Size
Min. Block Size
Rotation
Attribute Name
avgdst
beo
class
dst2ns
li2o
material
ns
nsr

Y
7062050
7062500
10
5
0

X
2490250
2490700
10
5
0

Type
Float
Float
Integrated
Float
Float
Integrated
Integrated
Calculated

Decimals
2
3
2
3
-

Z
-50
90
5
2.5
0
Backround
Description
-1
0
3
1=measured, 2=indicated, 3=inferred
-1
0
2
1=ovb, 2=waste, 3=ore, 4=air
0
li2o*117

Grade Interpolation
Prior to the grade interpolation the assay data was composited to 1.5 m downhole composites
honoring the mineralized lens boundaries. The composite length was chosen on the basis of the
dominant length of the samples inside the mineralized envelopes.
Inverse Distance squared method was used to interpolate the Li2O grade into the blocks. Each
domain was estimated separately using the composites belonging to the estimated domain.
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The blocks inside each wireframe were initially filled using maximum search distances of 50 m.
Those blocks, which were not filled in the initial run were filled with a search range of 100 m. The
search ellipsoids were aligned to honor the main continuity directions of the ore lens. A minimum
of 5 and a maximum of 20 composites were used to estimate the grades into the blocks.

Block Model Validation
The block model validation includes visual inspection and comparing the mean between the
composited and estimated data. The visual inspection did not show any unusual grade distribution
when compared with drill hole grade across sections and statistical comparisons of global block
mean and median grades and corresponding assay and composite grades showed expected
correlation.
Table 14-7. Composites and Block Data in Rapasaari Grade Estimations

Variable
Number of samples
Minimum value
Maximum value
Mean
Median
Geometric Mean
Variance
Standard Deviation
Coefficient of variation

Composites
Li2O
454
0.00
2.45

Blocks
Li2O
1172
0.00
1.81

1.24
1.26
NA
0.23
0.48
0.38

1.23
1.25
NA
0.04
0.20
0.16

Mineral Resource Classification
The Rapasaari deposit consists of numerous parallel pegmatite veins, which have intruded mainly
parallel to primary bedding of the sedimentary rocks. The composition of the veins is quite
homogenous. Spodumene occurs in the pegmatite veins from contact to contact and the longest
axis of spodumene crystals are usually orientated close to perpendicularly to the contact of the
dike. This orientation of the spodumene crystals connected to the contact plane observations and
measurements of the dike during the drill core logging gives an extra assurance for the 3D
modeling.
According to Outotec (Finland) Oy, Rapasaari Mineral Resource is classified as Indicated Mineral
Resource. The classification is based on the drilling density and known continuity of pegmatite
veins.
The spodumene pegmatite vein of the western area and one minor vein in the eastern area are
classified as Inferred Mineral Resource mainly because of the lesser drilling density.

Mineral Resource Statement
The table 14-8 summarizes the mineral resource of the Rapasaari deposit estimated by Outotec
(Finland) Oy. The mineral resource has been calculated using 0.5% Li2O cut-off grade.
Table 14-8. Rapasaari Mineral Resource as of 30.12.2015

Resource class
Indicated
Inferred
REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

Tonnage
Mt
1.811
0.16

Li2O
%
1.25
1.3
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JORC Code Documents and References
The JORC code table 1 for Rapasaari is attached to the pre-feasibility study as an appendix 14-2.
Loven Pekka & Meriläinen Markku 2015. Mineral resource estimate of the Rapasaari Lithium
Deposit, 12 pages, 30.12.2015. Outotec (Finland) Oyj.

14.4

Länttä
Deposit Geology
The host rocks of the spodumene pegmatite veins in the Länttä deposit are volcanic intermediate
rocks with some layers of greywacke schists and plagioclase porphyrites. This mainly volcanic belt
is bordered both in South-East and North-West by granites and granodiorites. The pegmatite
consists of two parallel, partly boudinaging veins, which are striking about 60° to East / North-East
and dipping 70°to SE. The veins are also parallel to general bedding and cleavage of the contact
rocks. The maximum thickness of the two spodumene pegmatite veins is about 10 m having also
narrow parallel veins close to the main veins, with or without spodumene. The veins have also
internal host volcanic rock inclusions or small layers. The total length of the veins is about 400 m.
The boudinage structure is common both in small veins and in major veins. Plunge of the veins is
not clear. Lineation is almost vertical indicating vertical plunge, but the vertical lineation can also
be connected to some syngenetic tectonic event. However, the veins are open to depth.
Pegmatite mineralogy is typical, the main minerals are albite (40 %), quartz, potassium feldspar
and spodumene (all three 15-16 %) and muscovite (2 %). The important accessory minerals are
apatite, garnet, beryl, tourmaline and columbite-tantalite.
The spodumene crystals are coarse grained, elongated and lath-shaped. The usual length is 3 –
10 cm, but the maximum length can be 30 cm. The dominating colour is light green, but brownish
red is also common, especially close to the surface. No clear chemical difference was found, but
generally weathering and/or manganese might have something to do with this.
The contact of pegmatite and volcanic rock has often a narrow (one cm) black tourmaline seam,
which breaks easily in blasting to produce a clear cut against the country rocks. Near contact
volcanic rocks are usually in Länttä slightly magnetic. Spodumene is generally orientated
perpendicularly to the pegmatite-host rock contact, but in Länttä the angle to the contact in the
mapped veins is about 70°.
The bedrock is covered by basal till, varying in thickness from one to about seven meters. Till is
overlain by thin peat layers in low-lying areas.
Markku Merilainen and Pekka Lovén visited the project area 11. - 12.9.2014.

Drill Hole Database
The drill hole database was obtained from Keliber as Excel spreadsheets and was transferred into
Microsoft Access for use in Surpac software.
The Länttä database contains information on 100 drill holes with a total length of 8706.4 m. The
database includes also five trenches with a total length of 42.1 m. The number of total assayed
intervals including five trenches is 1634. Assay file contains the fields for Li2O, Na2O, Al2O3, SiO2,
K2O, CaO, Fe2O3, Rb, Nb, Be, Li, Ta, BeO, Ta2O5, rock code and density.
The database contains 111 density records with constant value of 2.7. The density of 2.7 tonne/m3
was used throughout the estimates.
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Majority of the drillholes have been downhole surveyed for azimuth and dip. There are 51 holes
without downhole survey. These drillholes have only collar azimuth and dip. Unsurveyed holes are
quite short and all the holes have a good matching with the very straightforward pegmatite vein
model.
Outotec (Finland) Oy has not validated the database against the original drill logs but performed
data audits in Surpac and checked collar coordinates, down hole surveys and assay data for
errors. No errors were found. Outotec (Finland) Oy is in opinion that the database integrity is good
and sufficient for the purpose.

Resource Estimate and Orebody Model
The resource outlines were constructed on cross sections at intervals of 5 - 30 m based on the
lithological and assayed intervals. The nominal cutoff grade used was 0.5% Li2O. In some
occasion it was necessary to include material below the cutoff in order to maintain the continuity
of the structure. The 3D model was continued only about 5 m from the last drilled cross section in
the northwestern and southeastern ending of the deposit. Downward the model was also continued
some 5 m from the lowermost drill hole information, where the grade was above the cutoff. The
modeled dikes quite probably continue outside of the modeled area.
Three separate, parallel veins, which dimensions were sufficient for mining, were modeled. The
mineralized envelopes are shown in picture 14-4. Each of the resource wireframe was used as a
hard boundary for grade interpolation.

Picture 14-4. Top View of Länttä Deposit

Basic Statistics
The assay data was coded using the wireframes of the mineralized zones to define the resource
intersections. The intersection codes were used to extract samples for statistical analysis and for
compositing the data for grade interpolation. Compositing of drill hole samples is carried out in
order to standardize the database for further statistical evaluation. This step eliminates any effect
relating to the sample length, which may exist in the data.
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The summary of basic summary statistics of the composites is presented in table 14-9.
Table 14-9. Composites Data in Länttä Grade Estimations

The big difference in mean assay and mean composite grades is due to the arithmetic nature of
assay statistics (composites are length weighted) and there are numerous short unassayd
samples in assay data.
The data sets show low Coefficient of Variation which indicates that there is no need for any top
cutting the high grade assays.

Block Model
The resource block model was created using Surpac software. The parent block size of 10 m x 5
m x 5 m with sub-blocking to 5 m x 2.5 m x 5 m was selected partly on a basis of the drilling density
and partly to honor the geometry of the mineralized lenses. The summary of the block model
parameters is in the table 14-10.
Table 14-10. Länttä Resource Block Model Parameters

Type
Minimum Coordinates
Maximum Coordinates
User Block Size
Min. Block Size
Rotation
Attribute Name
avgdst
class
dst2ns
li2o
material
ns
nsr

Y
7057700
7058400
10
5
45

X
2506900
2507450
5
2.5
0

Type
Float
Integrated
Float
Float
Integrated
Integrated
Calculated

Decimals
1
1
3
-

Z
-100
125
5
5
0
Backround
Description
-1
3
1=measured, 2=indicated, 3=inferred
-1
0
2
1=ovb, 2=waste, 3=ore
0
li2o*145

Grade Interpolation
Prior to the grade interpolation the assay data was composited to 2 m downhole composites
honoring the mineralised lens boundaries. The composite length was chosen on the basis of the
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average length of the samples inside the mineralized envelopes of 1.65 m rounded up to nearest
full meter.
Inverse Distance squared method was used to interpolate the Li2O grade into the blocks. Each
domain was estimated separately using the composites belonging to the estimated domain. The
blocks inside each wireframe were filled maximum search distances of 60 m. The search ellipsoids
were aligned to honor the main continuity directions of the ore lenses. A minimum of 3 and a
maximum of 20 composites were used to estimate the grades into the blocks.

Block Model Validation
The block model validation includes visual inspection and comparing the mean between the
composited and estimated data. The visual inspection did not show any unusual problem when
compared with drill hole grade across sections and statistical comparisons of global block mean
and median grades and corresponding composite grades showed expected correlation.
Table 14-11. Composites and Block Data in Länttä Grade Estimations

Variable
Number of samples
Minimum value
Maximum value
Mean
Median
Geometric Mean
Variance
Standard Deviation
Coefficient of variation

Composites
Li2O
283
0.00
2.11

Blocks
Li2O
3085
0.00
1.69

1.07
1.10
NA
0.20
0.45
0.42

1.05
1.06
NA
0.04
0.19
0.18

Mineral Resource Classification
The Länttä deposit consists of three parallel pegmatite dikes. The composition of the veins is quite
homogenous and consists of albite, potash feldspar, quartz and spodumene. Spodumene occurs
in the pegmatite vines from contact to contact and is orientated perpendicularly to the contact of
the vein.
According to Outotec (Finland) Oy, Länttä Mineral Resource is classified as Measured Mineral
Resource and Indicated Mineral Resource. The classification is based on the drilling density, a
detailed magnetic survey, surface mapping and trenching results. The geophysical magnetic
survey (Lehtonen, T. 2009, A Detailed Magnetic Survey Over the Länttä Deposit: Keliber Oy)
confirms the continuation of the pegmatite host rock dikes between the drilling profiles. The
magnetic survey results match well with the information got from the diamond drilling and the
trenching. Detailed geological surface mapping was completed during 2010. The results confirm
the continuities, the quality of pegmatite dike and the nature of contacts against the mica shist
(Sandberg, E., 2011. Overburden stripping at Länttä in 2010, Keliber Oy).
As Measured Mineral Resource are classified the parts of the veins which are located directly
below the detailed mapped area to the depth of 70 – 85 m. In this area also the drilling density is
the highest. The rest of the modeled veins are classified as Indicated Mineral Resource.
Inferred Mineral Resource classification is not used. The veins are known to continue outside of
the modeled area, but there are clear indications that the veins are thinner and lower grade than
in the modeled area.
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Narrow veins (usually less than 1 m) around the two main veins are not included into the Outotec
(Finland) Oy model and resource classification. Part of these narrow veins can be recovered during
the open pit mining, especially inside the potential open pit.

Picture 14-5. Mineral Resource Classification of Länttä Deposit Looking to Noth-West

Mineral Resource Statement
The table 14-12 summarizes the mineral resource of the Länttä deposit estimated by Outotec
(Finland) Oy. The mineral resource has been calculated using 0.5% Li2O cut-off grade.
Table 14-12. Länttä Mineral Resource as of 30.12.2015

Resource class
Measured
Indicated
Measured + Indicated

Tonnage
Mt
0.437
0.910
1.347

Li2O
%
1.10
1.04
1.06

JORC Code Documents and References
The JORC code table 1 for Länttä is as appendix 14-3.
Loven Pekka & Meriläinen Markku 2015. Mineral resource estimate of the Länttä Lithium Deposit,
10 pages, 30.12.2015. Outotec (Finland) Oyj.
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14.5

Outovesi
Deposit Geology
The rock type around the spodumene pegmatite vein is homogenous mica schist with coarse
grained type, logged as greywacke. Mica schist includes narrow skarn layers and small quartz
veins. In the northern end of the deposit the structure changes to more complicated and graphitic
or black schist layers in mica schist are common.
The sedimentary rock bedding is dipping about 10-50°to ESE and the pegmatite vein is almost
perpendicular to bedding dipping 50°to NNW. This might be the reason for absence of parallel
veining in Outovesi. The vein width is up to ten meter. Spodumene is altered to muscovite at the
contacts. The altered zone varies from few cm to 2-3 meters. Occasionally this alteration has
happened also close to the center of the pegmatite.
Main minerals of the spodumene pegmatite are albite, quartz, potassium feldspar, spodumene
and muscovite. Spodumene is usually light green in colour and the crystal thickness is quite
uniform, usually 8-10 mm. No detailed mineralogical studies have been done. Probably the
accessory minerals are close the same as in Syväjärvi and Rapasaari.
No outcrops exist on the deposit area or surroundings. The bedrock is covered by till, which is
washed at the surface with lots of boulders. Close to the bedrock there is often a sandy layer in till.
The mean till thickness is ten meters.
Markku Merilainen and Pekka Lovén visited the project area 11. - 12.9.2014.

Drill Hole Database
The drill hole database was obtained from Keliber as Excel spreadsheets and was transferred into
Microsoft Access for use in Surpac software.
The Outovesi database contains information on 24 drill holes with a total length of 1815.6 m. The
number of assayed intervals is 476. Assay file contains the fields for Li2O, Cl, RQD (Rock Quality
Designation) and lithology. The database doesn’t contain any density determination results. The
density of 2.72 ton/m3 was used throughout the estimates. All drill holes have been downhole
surveyed for azimuth and dip.
Outotec (Finland) Oy has not validated the database against the original drill logs but is in opinion
that the database integrity is good and sufficient for the purpose.

Resource Estimate and Orebody Model
The resource outlines were constructed on cross sections at intervals of 40 m based on the
lithological and assayed intervals. The cut-off grade used was 0.5% Li2O. The 3D model was
continued about 15 m from the last drilled cross section in the northwestern and southeastern
ending of the deposit. Downward the model was continued some 5 - 15 m from the lowermost drill
hole information. The mineralized envelope is shown in picture 14-6. The resource wireframe was
used as a hard boundary for grade interpolation.
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Picture 14-6. Top View of Outovesi Deposit

Basic Statistics
The assay data was coded using the wireframe of the mineralized zone to define the resource
intersections. The intersection codes were used to extract samples for statistical analysis and for
compositing the data for grade interpolation. Compositing of drill hole samples is carried out in
order to standardize the database for further statistical evaluation. This step eliminates any effect
relating to the sample length, which may exist in the data. The summary of basic summary
statistics of the composites is presented in Table 14-13.
Table 14-13. Composites Data in Outovesi Grade Estimations

Variable
Number of samples
Minimum value
Maximum value
Mean
Median
Geometric Mean
Variance
Standard Deviation
Coefficient of variation

Assays
Li2O
85
0.06
2.63

Composites
Li2O
45
0.11
2.03

1.38
1.46
1.21
0.31
0.56
0.41

1.37
1.49
1.26
0.20
0.45
0.32

The data sets show low Coefficient of Variation which indicates that the data is of good quality and
there is no need for any top cutting the high grade assays.

Block Model
The resource block model was created using Surpac software. The parent block size of 10 m x 5
m x 5 m with sub-blocking to 5 m x 2.5 m x 5 m was selected partly on a basis of the drilling density
and partly to honor the geometry of the mineralized lens. The summary of the block model
parameters is in the table 14-14.
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Table 14-14. Outovesi Resource Block Model Parameters

Type
Minimum Coordinates
Maximum Coordinates
User Block Size
Min. Block Size
Rotation
Attribute Name
avgdst
dst2ns
li2o
material
ns
nsr

Y
7066600
7067350
10
5
30

X
3338350
3338650
5
2.5
0

Z
-25
95
5
5
0

Type
Float
Float
Float
Integrated
Integrated
Calculated

Decimals
1
1
2
-

Backround
-1
-1
0
2
0
-

Description

1=ovb, 2=waste, 3=ore
li2o*146

Grade Interpolation
Prior to the grade interpolation the assay data was composited to 2 m downhole composites
honoring the mineralised lens boundaries. The composite length was chosen on the basis of the
average length of the samples inside the mineralized envelopes and above 0.5% Li2O grade of
1.2 m rounded up to nearest full meter.Inverse Distance squared method was used to interpolate
the Li2O grade into the blocks.
The blocks inside each wireframe were filled maximum search distances of 60 m. The search
ellipsoids were aligned to honor the main continuity directions of the ore lenses. A minimum of 3
and a maximum of 20 composites were used to estimate the grades into the blocks.

Block Model Validation
The block model validation includes visual inspection and comparing the mean between the
composited and estimated data. The visual inspection did not show any unusual problem when
compared with drill hole grade across sections and statistical comparisons of global block mean
and median grades and corresponding composite grades showed expected correlation
Table 14-15. Composites and Block Data in Outovesi Grade Estimations

Mineral Resource Classification
The spodumene pegmatite vein is cutting almost perpendicularly the bedding of its country rock.
Only one continuous, up to ten meters thick, spodumene pegmatite vein is modelled, which clearly
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cut its country rock. The mineral composition of the spodumene pegmatite vein is homogenous.
The long axis of the spodumene crystals is orientated perpendicularly against the contacts of the
host rock, which gives extra confidence for the continuity of the spodumene pegmatite veins.
Spodumene pegmatite vein is classified as Indicated Mineral Resource based on the drilling
density and well known geological controls. Inferred Mineral Resource is not modelled or classified.

Mineral Resource Statement
The table 14-16 summarizes the mineral resources estimated by Outotec (Finland) Oy. The
mineral resource has been estimated using 0.5% Li2O cut-off grade.
Table 14-16. Outovesi Mineral Resource as of 31.12.2015

Resource Class
Measured
Indicated
Measured + Indicated

Tonnage
kt
0
283
283

Li 2O
%
0.00
1.40
1.40

JORC Code Documents and References
The JORC code table 1 for Outovesi is as appendix 14-4.
Loven Pekka & Meriläinen Markku 2015. Mineral resource estimate of the Outovesi Lithium
Deposit, 10 pages, 30.12.2015. Outotec (Finland) Oyj.
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15

ORE RESERVE ESTIMATES

15.1

Estimate Principles and Ore Reserve Summary
The ore reserve is the portion of the mineral resource that has been identified as mineable within
a design pit. The ore reserve incorporates ore criteria such as mining recovery and waste rock
dilution. Keliber mining operations will consist of open pit mining only. No Inferred mineral
resources are used in the estimation of the ore reserve.
The ore reserves are developed in a three-step process:
· Select an optimized open-pit shell to be used as the basis for the pit design
· Develop an operational pit design that incorporates benches, detailed pit slope criteria, and
truck haulage ramps
· Estimate the in-pit tonnage contained within the operational pit that meets or exceeds the
cut-off criteria and subsequently apply the ore criteria (mining losses and dilution) to that
tonnage.
The ore reserves by deposits of Keliber lithium project are summarized in table 15-1.
Table 15-1. Keliber Ore Reserve Summary

References of chapter 15: Loven Pekka 2015. Ore reserve estimates – Syväjärvi, Rapasaari,
Länttä and Outovesi Lithium Deposits. 14 pages, 16.12.2015. Outotec (Finland) Oyj.

15.2

Pit Optimization
The ore reserve estimates are based on the open pit optimization (floating cone algorithm) followed
by the open pit design of the highest “profit” pit shell. The pit optimization parameters are presented
in the following table (table 15-2).
Table 15-2. Open Pit Optimization Parameters

Li2CO3 price
By-product credit
Exchange rate
Flotation recovery %
Leaching recovery %

8000
7%
1.1
80 %
90 %

EUR:USD

Waste mining cost
Ore mining cost
Processing and other opex

2.5
2.9
45.0

EUR/t
EUR/t
EUR/t

Overall slope angle (rock)
Slope angle (soil)

50.0
20.0

Dec
Dec
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A series of pit optimization analyses were undertaken using variable “revenue factors”
(discounting), ranging from 0% to 70%. The revenue factors adjust the NSR value in the block,
thereby changing the profit margin per block. An optimized pit shell is defined for each revenue
factor during this process; pits will get smaller at higher discount factors.

15.3

Operational Pit Design
The mine planning criteria used to design the operational pit are shown in table 15-3.
Table 15-3. Open Pit Design Criteria

Batter angle
Interramp angle
Road gradient
Road width
Berm width

15.4

75 dec
60 dec
10 %
9m
8m

Dilution and Ore Loss
In order to estimate the ore reserves, mining losses and waste rock dilution has to be applied to
the tonnages and grade contained within the operational pit.
The following mining factors have been used for all ore reserves reported in this report:
· Ore loss
5%
· Dilution
15 %
The diluting waste material is assumed to be totally barren.

15.5

Cut-off Criteria
The ore reserve have been reported using the Li2O cut-off grade of 0.5%. The cut-off grade
corresponds to the average operating cost of the project.

15.6

Ore Reserve Estimates by Deposits
Syväjärvi
The ore reserve estimate is based on the indicated mineral resource of 1.53 Mt @ 1.35 % Li2O.
The probable ore reserve is 1.48 Mt @ 1.19 % Li2O.
The waste to ore ratio is 3.5 (5.2 Mt waste) and the amount of overburden to be removed is about
0.52 Mm3.
The picture shows the final pit together with the blocks which Li2O grade exceeds the cut-off grade
of 0.5 % Li2O.
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Picture 15-1. Syväjärvi Ultimate Pit and Ore Blocks

Phased Pit Design
In order to distribute the waste stripping quantities over time and to allow faster access to better
grade ore, the pit has been subdivided into four phases that are mined sequentially. Mining may
occur in multiple phases simultaneously, depending on the respective ratios of ore and waste on
the mining benches. Picture 15-2 provides plan views of the four phases, while table 15-4
summarizes the tonnages and grades within each phase.

Picture 15-2. Syväjärvi Open Pit Phases
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Table 15-4. Syväjärvi Pit Phase Tonnage and Grade

Phase 1
Waste (kt)
680
Ore (kt)
341
Li2O %
1.17

Phase 2 Phase 3 Phase 4
917
1 199
2 467
214
336
593
1.22
1.15
1.21

SRK Consulting (Finland) Oy has prepared a pre-feasibility geotechnical assessment of pit slopes
parameters for Syväjärvi preliminary open pit. A focus was required on the high risk slope next to
lake Heinäjärvi.
SRK Consulting concluded that “The stability conditions of the designed pit wall are considered to
be good and stable. Structural orientation data has not been able to be used to estimate the
average dip or dip direction of the any major faults in Syväjärvi deposit area. The recommended
catch bench widths should be implemented to catch any potential failing material”. (SRK
Consulting (Finland) Oy, SYVÄJÄRVI PIT, GEOTECHNICAL SLOPE DESIGN, September 2015)

Rapasaari
The ore reserve estimate is based on the indicated mineral resource of 1.81 Mt @ 1.25 % Li2O.
The probable ore reserve is 1.75 Mt @ 1.09 % Li2O.
The waste to ore ratio is 6.4 (11.2 Mt waste) and the amount of overburden to be removed is about
1.0 Mm3. The picture 15-3 shows the final pit together with the blocks which Li2O grade exceeds
the cut-off grade of 0.5% Li2O.

Picture 15-3. Rapasaari Ultimate Pit and Ore Blocks

Phased Pit Design
In order to distribute the waste stripping quantities over time and to allow faster access to better
grade ore, the pit has been subdivided into four phases that are mined sequentially. Mining may
occur in multiple phases simultaneously, depending on the respective ratios of ore and waste on
the mining benches. Picture 15-4 provides plan views of the four phases, while table 15-5
summarizes the tonnages and grades within each phase.

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

115 (215)

Picture 15-4. Rapasaari Open Pit Phases
Table 15-5. Rapasaari Pit Phase Tonnages and Grades

Länttä
The ore reserve estimate is based on the indicated mineral resource of 1.35 Mt @ 1.06 % Li2O.
Table 15-6 summarizes the Länttä ore reserves at 0.5 % Li2O cut-off grade.
Table 15-6. Länttä Ore Reserve as of 16.12.2015

Reserve class
Proven Ore Reserve
Probable Ore Reserve
Total Ore Reserve
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Mt
0.47
0.54
1.01

Li2O
%
0.95
0.93
0.94
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The waste to ore ratio is 8.4 (8.5 Mt waste) and the amount of overburden to be removed is about
0.2 Mm3. Picture 15-5 shows the final pit together with the blocks which Li2O grade exceeds the
cut-off grade of 0.5% Li2O.

Picture 15-5. Länttä Ultimate Pit and Block Model

Phased Pit Design
In order to distribute the waste stripping quantities over time and to allow faster access to better
grade ore, the pit has been subdivided into two equal phases. Picture 15-6 provides the plan views
of the two phases. Table 15-7 summarizes the tonnages and grades within each phase.

Picture 15-6. Länttä Open Pit Phases
Table 15-7. Tonnage and Grades of Länttä Pit Phases
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Outovesi
The ore reserve estimate is based on the indicated mineral resource of 0.28 Mt @ 1.40 % Li2O.
The probable ore reserve is 0.25 Mt @ 1.20 % Li2O.
The waste to ore ratio is 6.6 (1.7 Mt waste) and the amount of overburden to be removed is about
0.4 Mm3.
Picture 15-6 shows the final pit together with the blocks in which the Li2O grade exceeds the cutoff grade of 0.5% Li2O.

Picture 15-7. Outovesi Ultimate Pit and Block Model

Due to the small size of the pit and hence the low tonnage of ore no pit phases were designed.
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16

MINING OPERATIONS
The mining method proposed for the project will be a conventional open-pit mining. The
overburden is removed and the overburden is transported to dumping place. Mining takes place
with drilling, blasting, loading and hauling of the ore and waste material. Drilling and blasting are
needed for ore and waste rock, while overburden materials will be free digging. A Finnish mining
contractor will be used to mine ore and waste materials.
The open pit mining methods are similar in all the deposits. Small variations will exist depending
on the pegmatite vein structure and width. Selectivity of ore and waste will be adapted in all phases.
Pegmatite veins are subvertical (Rapasaari, Länttä and Outovesi) or flat lying (Syväjärvi). Selective
mining will be used for ore veins, including drilling along the vein contacts and separate blasting
for ore and waste. The bench height depends on the lithium pegmatite vein structure varying from
five in small veins to ten meters in large massive veins. Blasted ore volumes are usually small from
1000 to 5000 tonnes because of narrow pegmatite vein size.
Only excavators are used in loading of ore to enable maximum selectivity of ore. Ore pegmatite is
light in colour and waste rock mainly dark. This allows separating bigger waste blocks out of ore
already in primary stope loading.
Keliber will outsource open pit operations. Mining contractors will carry out ore blasting and loading
under Keliber’s supervision. Loading of ore in open pits will be concentrated to day light as much
as possible.

16.1

Mining Operations
Drilling and Blasting
The blast holes will be drilled using track mounted, diesel powered top hammer drill rigs by the
mining contractor.
The mining contractor will provide a full blasting service including blast design; supply of
explosives, blasting agents and blasting accessories; blast hole loading and blast initiation and
vibration and noise monitoring.
Loading and Haulage
The mined materials will be excavated by the mining contractor using four diesel-powered backhoe
excavators. The materials will be hauled to the appropriate destinations i.e., overburden and waste
to dumped and ore to ore stockpile. The 50 t class excavators will be the primary excavation and
loading units equipped with about 5 -m3 buckets. Haul trucks with a nominal payload capacity of
40 – 50 t. will be used to haul material to the stockpiles and waste dumps.

16.2

Waste Rock and Water Management
Waste rock will be stockpiled on the waste rock dump areas close to the pit. Different rock types
are stored separately based on their use and environmental properties. For example in Syväjärvi
the waste rock is subdivided into three classes:
· Plagioclase porphyrite, high quality material for macadam and other products for roads,
dams, etc.
· Black schist, acid producing rock, handled separately
· Other rock types, suitable for storage basement and other low quality targets.
Slurry pumps are used to pump excess waters to settling ponds. From the settling ponds, the water
is conveyed into filtration area (swamp) to remove silt from the water.
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16.3

Ore Storage and Transport
Pegmatite ore is hauled by dumpers to the ore stockpile. Over size blocks are broken by
hammering before transport to Kaustinen. Also possible larger waste rock or barren pegmatite
boulders are removed from the ore stockpile by excavator in supervision of Keliber Ore Inspector.
Ore will be loaded by a front end loader and transported to the Kaustinen plant using trailer trucks
with net weight of 40-65 tonnes.

16.4

Fleet Requirements
Operations are carried out by a contractor, and thus, the fleet, working hours and shifts depend on
the contractor equipment and working system, The following fleet is assumed to be needed to
operate one open pit.
· 3 excavators, two size 50 t, for ore and waste loading in pit and one size 20 t for ore storage
and other non-pit needs,
· 2 front loaders for loading ore in ore stockpile, loading partly waste in pit and for waste rock
dump loader,
· 3 dumpers for ore and waste haulage,
· 2 top hammer drill rigs,
· One bulldozer for waste dumps,
· One hydraulic breaker for over size blocks,
· One grader for road maintenance,
· One water/salt truck.

16.5

Manpower Requirements
Keliber plans to outsource most of the mining activities. Keliber will carry out geological surveys,
mine planning and site supervision, but the rest will be done by a contractor. The mining contractor
is expected to provide enough personnel to carry out the mining operations fluently.
Most of time, the only Keliber’s employee at mining site is Ore Inspector. Ore Inspector has the
responsibility to check all the transportation loads to ensure that only ore is transported to Kalavesi
production site.

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

120 (215)

17

RECOVERY METHODS
All process design is based on the testwork described in section 13.0.
Outotec has been using the testwork data as a basis to provide technology package for overall
lithium recovery process including the spodumene concentrator and lithium production plant.
Selected overall flowsheet includes conventional spodumene concentrator with flotation process
and gravity concentration for columibite concentrate (Ta) recovery as a by-product.
Lithium carbonate product is produced from the spodumene flotation concentrate by the soda
pressure leach process at the lithium carbonate plant. In table below are presented the key
documents which are used as a basis for this section of the report. It is noteworthy that lithium
carbonate plant testwork not completed in Syväjärvi case.
Table 17-1. Key Documents of Process Design
Spodumene Concentrator
Bench-scale testwork

GTK Mintec 2014 - 2015

Pilot plant testwork

GTK Mintec 2014 - 2015

Process flowsheet

Outotec study 2015

Equipment list

Outotec study 2015

Mass balance

Outotec study 2015

Process design criteria

Sweco 2016

Process description

Outotec study 2015

P&ID charts

Not updated

Flotation in laboratory scale

Based on Outotec's study

Prepared on 2007

Lithium Carbonate Plant
Bench-scale testwork

Outotec study 2015

Pilot plant testwork

Not completed for the Syväjärvi

Process flowsheet

Sweco 2016

Equipment list

Outotec study 2015

Mass balance

Outotec study 2015

Process design criteria

Outotec study 2015

Process description

Outotec study 2015

P&ID charts

Not updated

Based on Outotec's study

Prepared on 2007

In this section process design criteria and process descriptions for selected process flowsheet is
provided. The spodumene concentrator and lithium carbonate production plant will be located at
Kalavesi site. These are used as a central processing facility for the surrounding lithium deposits.
The overall process flow sheet of the lithium carbonate production is presented in the appendix
17-1. The block diagrams of the crushing plant, spodumene concentrator and the lithium carbonate
plant are presented in the process description sections below.

17.1

Spodumene Concentrator
Design basis for the spodumene concentrator is to produce flotation concentrate containing 4.5 %
Li2O for downstream lithium carbonate production process. Concentrate will be dewatered and
filtered to have average moisture content of 8 – 10 %. Dried spodumene concentrate will be
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conveyed to flotation concentrate storage having capacity of 3 000 tons of concentrate which will
be utilized as a buffer between the concentrator and lithium production plant.
Flow sheet of the spodumene concentrator includes crushing, grinding and classification, magnetic
separation, gravity concentration, preflotation with two stage desliming cyclone units, spodumene
flotation and dewatering of the concentrate. The block diagram of the concentrator is presented in
figure 17-1.
Figure 17-1. Block Diagram of Spodumene Concentrator

The gravity concentration circuit will recover columbite concentrate containing niobium (Nb) and
tantalum (Ta). In the final flowsheet columbite gravity concentrate is cleaned and processed by
the electromagnetic separator to achieve over 15 % tantalum content for saleable product. Final
cleaning of the columbite concentrate by electromagnetic separation is not tested for the feasibility
study. So, valid supporting test data is not available for the pre-feasibility study.
Tailings of the spodumene concentrator are handled and stored separately in tailing ponds to have
better possibility to use or potentially sell tailings as by-products to other industry branches for raw
materials or to agriculture for a soil improvement material.
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The products and the tailing fractions of the spodumene concentrator are presented in table below.
Table 17-2. Products and Tailing Fractions of Spodumene Concentrator
Product

Economic element

TSF/Off-site
Dowstream process or application
delivery

Flotation
Spodumene
Main product
Lithium carbonate plant feed
concentrate
Gravity
Sell to customer after electromagnetic
Ta and Nb
By-product BIG BAGS
concentrate
separation (Ta > 15%)
Prefloat
Tailing
Soil improvement material to
Micas, hornblende
POND 1K
waste
fraction 1
agriculture
Desliming
Tailing
Slimes, spodumene
POND 1L
overflow
fraction 2
Magnetic
Ferrosilica and
Tailing
Packing into big bags and potential
BIG BAGS
waste
process iron
fraction 3
sell to scrap iron
Flotation
Tailing
Potential use in construction industry
Quartz feldspar
POND 1L
tailings
fraction 4
products (no slimes allowed)

Comments
To lithium carbonate
plant
Marketing study not
completed
Marketing study not
completed

Low economic value
Marketing study not
completed

Process Design Criteria
Nominal capacity for the 6000 t/a lithium carbonate production scenario of the concentrator equals
34 tph and design capacity 44 tph respectively. Then annual nominal and design processing rates
are 275 000 tpa and 350 000 tpa with 8000 hours annual operating time (91.3 % availability). The
crusher and concentrator process design criteria have been summarized in table below.
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Table 17-3. Key Process Design Criteria of Concentrator (6000 t/a Li2CO3 Scenario)
CRUSHING PLANT

Unit

Design value Source or comment

Ore moisture

%

5

Outotec Massbalance/ Concentrator

Cushing rate, Lithium ore

tpa

350 000

Outotec Massbalance/ Concentrator

Annual availability/Utilization, Design

%

64

Plant Capacity

tpd

1478

Hour Capacity

tph

285

Annual Plant Availability, hours

h

1228

Calculated

Annual Plant Availability, percentage

%

14

Calculated

t

4 000

Crushed ore silo, live volume

Sandvik technical specification
Calculated
Sandvik technical specification

SPODUMENE CONCENTRATOR

Unit Design value Source or comment

Processing Rate, Lithium ore

tpa

350 000

Head Grade, Li2O

%

1.3

Plant Capacity

tpd

1056

Plant Capacity

tph

44

Outotec Massbalance/ Concentrator

Annual Plant Availability, hours

h

8000

Outotec Massbalance/ Concentrator

Annual Plant Availability, percentage

%

91.3

Calculated

Outotec Study/ Concentrator
Outotec Massbalance/ Concentrator
Calculated

Flotation Concentrate
Li2O Recovery, Flotation concentrate

%

90

Outotec Massbalance/ Concentrator

Li2O content

%

4.5

Outotec Massbalance/ Concentrator

Flotation concentrate tonnage

tpa

88 000

Mass recovery to Flotation Concentrate

%

25

Concentrate moisture

%

8 - 10

Nb Recovery

%

33.9

GTK Testwork (not included Outotec's mass balance)

Nb Content

%

3.2

GTK Testwork (not included Outotec's mass balance)

Ta Recovery

%

49.5

GTK Testwork (not included Outotec's mass balance)

Ta Content

%

1.8

GTK Testwork (not included Outotec's mass balance)

Gravity concentrate tonnage

tpa

480

Calculated based on Outotec Massbalance/ Concentrator

Mass recovery to Gravity Concentrate

%

0.14

Calculated based on Outotec Massbalance/ Concentrator

Calculated based on Outotec Massbalance/ Concentrator

Outotec Massbalance/ Concentrator

Gravity Concentrate

Flow Sheet and Process Description
Ore Transport and Run-of-mine (ROM) Pad
Ore is delivered by truck from the surrounding open pit mines to a ROM stockpile. Allocated
sufficient area for ore blending and a minimum capacity of ore stockpiling area will be 14 000
tonnes which provides around two weeks buffer for the mill production against possible
disturbances in mine production or ore transport.
A front end loader reclaims the ore from the stockpile on the ROM pad and delivers ore to the
crusher feed bin. Grizzly feeder of the jaw crusher is also sized to be able handle directly truck
loads upon arrival.
Crushing Plant
Crushing circuit is designed to produce a crushed ore product size of passing 80 % (P80) 10 mm.
The block diagram of the crushing plant is presented in the figure 17-2.
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Figure 17-2. Block Diagram of Crushing Plant

ROM ore enters the crushing circuit via a grizzly feeder by the front end loader or truck. Rock
breaker is installed next to primary jaw crusher for oversize rocks removal. Feed rate to the jaw
crusher is controlled by a variable speed drive installed to the grizzly feeder.
The jaw crusher product discharges conveyor feeding primary screening feed bin (35 m3). Tramp
iron detector and magnet are installed above the belt conveyor for tramp iron removal.
Ore is discharged from the primary screening feed bin by the vibrating feeder and conveyed to the
primary screening. Oversize rocks are conveyed to the secondary cone crusher feed bin (35 m3)
and undersize product of the primary screening will be discharged to secondary screening feed
conveyors.
There are two cone crushers in parallel installation for the secondary screening oversize rocks.
The ore is discharged from the feed bin (35m3) by vibrating feeder and ore stream is splitted in
half by the feed bin discharge arrangements. The undersize product from the secondary screening
will be conveyed to the crushed ore silo.
Primary jaw and secondary cone crushers are operating in open circuit for maximum capacity.
Parallel installed tertiary cone crushers are operating in closed circuit with secondary vibrating
screen. Designed living capacity of the crushed ore silo is 4000 tonnes (dimensions 40 m x 5 m).
Keliber considers using of Outotec-Tomra sorting system. It would be able to recognize differences
between light colour spodumene ore and dark colour waste. In tests, the colour sorting results
have been successful. Next target will be to study if sensors can detect the difference between
altered low grade pegmatite from fresh pegmatite ore and decrease the mill feed tonnage and
increase the feed grade.
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Ore will be reclaimed from the silo with five vibrating feeders onto the ball mill feeding belt
conveyor. Stand-by feeder will be installed outside the crushed ore silo. The ball mill is equipped
with an inlet chute where ore and process water will be fed together with ore.

Picture 17-1. Crushing Plant Layout. The picture quoted from Sandvik’s tender.

Grinding and Classification Circuit
A single stage ball mill (3 m x 4.6 m) grinding in closed circuit with hydrocyclones was selected to
grind the ore F80 of 10 mm to produce the target grind size P80 125 µm. The ball mill is equipped
with a 560 kW variable speed drive. This circuit provides stable and simple operation that is well
understood.
Bond ball mill work index is 13.9 kwh/t and estimated circulating load 250 %. The circuit includes
also particle size analyzer.
Crushed ore is withdrawn from the crushed ore silo at controlled rate by variable speed feeders
and fed via the mill feed conveyor directly to the ball mill.
The cyclone overflow gravitates to the magnetic separation. The cyclone underflow is collected in
the underflow launder and gravitates to the gravity concentration.
Magnetic Separation
The cyclone over flow will gravitate to magnetic separation. Magnetic fraction includes process
iron and magnetic minerals like magnetite. It will be packed to big bags and excess water will flow
through the bag. Excess water will be returned directly to process via floor pump sumps. Non
magnetic slurry will be pumped to first desliming cyclones of the preflotation circuit.
Gravity Concentration
The cyclone underflow gravitates to spirals. Spiral concentrate will be fed to the shaking table.
Cleaning of the columbite gravity concentrate will be done by electromagnetic separator to upgrade
the tantalum content. Tailings from the gravity circuit will be pumped back to the ball mill. Gravity
concentrate will be packed to big bags and delivered to downstream processes to customer’s
facilities. Tantalum content of the gravity concentrate should be over 15 % to have a saleable
product. But as described in section 17.1 this cleaning process has not been tested yet.
Flotation
The spodumene flotation is expected to recover 90 % of the Li2O into a flotation concentrate
representing 25 - 26 % of the ore mass.
The flotation circuit includes preflotation with two stage desliming cyclones, a rougher flotation and
a four stage cleaning flotation circuit for the final spodumene concentrate.
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Underflow from the first desliming cyclones will gravitate to the preflotation conditioner and
overflow will be pumped to tailings. The preflotation will be operated as a reverse flotation where
concentrate is rejected and flotation tailings will be pumped to the second desliming cyclones.
Overflow streams from the desliming cyclones are pumped to tailing pond 1L in their own pond
section for solids settling. Prefloat concentrate is containing Ca minerals, P2O5, micas and
hornblende minerals and it will be pumped to storage pond 1K for potential reuse in agriculture.
Underflow from the second desliming cyclones will gravitate to the flotation conditioner. Rougher
concentrate is produced in rougher scavenger flotation with 5 x 10 m3 conventional flotation cells.
The rougher flotation is followed by four stage cleaning flotation in 9 x 5 m3 conventional flotation
cells to produce final spodumene flotation concentrate.
The rougher flotation tailings are considered as a final flotation tailings. The final flotation tailings
have a better changes for reuse in the construction industry as a recycled raw material when
keeping the magnetic waste and desliming overflow separately.
Flotation conditions and recommended reagent regime are presented in tables below.
Table 17-4. Flotation Conditions at Design Processing Rate of 44 tph

Solids t/h

Solids %

Slurry
m3/h

Cell
volume m3

Flotation
time min

Preflotation

31

30

85

10

7

Rougher flotation

37

29

105

50

29

1st Cleaning flotation

20

28

57

20

21

2nd Cleaning flotation

14

28

43

15

21

3rd Cleaning flotation

11

27

35

5

9

4th Cleaning flotation

10

27

30

5

10

Table 17-5. Recommended Reagent Regime for Spodumene Flotation

Reagent

Purpose

Feed rate
g/t

Sulphuric acid (H2SO4) pH control in spodumene flotation

50

Caustic soda (NaOH)

700

pH control in preflotation

Rape fatty acid, EvRaRa Flotation collector

1350

Emulsifier Berol 050

Flotation emulsifier

335

Flocculant

Flocculant

5

Spodumene Concentrate Dewatering
Dewatering of spodumene flotation concentrate includes thickener (D = 4 m) and belt filter with
steam dryer (Larox RT 3 x 11.2) to obtain final concentrate moisture of 8 – 10 %.
The concentrate thickener water overflow will be recycled to the process water tank. The thickener
underflow with a slurry density 60 % solids will be pumped to buffer tank ahead of the concentrate
filter. The belt filter will be controlled by local automation (PLC) included to the filter package.
Filtrate from the filter will be flown to filtrate tank and back to the concentrate thickener. Dried
spodumene concentrate will be conveyed to the concentrate storage prior to lithium carbonate
plant.
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Spodumene Concentrate Storage
Dried spodumene concentrate will be conveyed to flotation concentrate storage having capacity
of 3 000 tons of concentrate which will be utilized as a buffer between the concentrator and lithium
production plant. Size of the storage is designed to have capacity for approximately for two-weekoperation of the spodumene concentrator.
Concentrate feed hopper with volume of 2 m3 will be loaded by the front end loader and belt feeder
and bucket feed conveyor are discharging the concentrate to concentrate day bin of the lithium
carbonate plant feed bin (75 - 100m3 volume).
Tailings Handling of Spodumene Concentrator
The rougher tailings will be pumped to tailings thickener (D = 12 m) where process water will be
recovered as a overflow stream and back circulated to process water tank. Thickened tailings,
underflow of the thickener, will be pumped to the flotation tailing pond 1L in solids content of 60 %.
Other tailing fractions and their handling have been described in process description above.

Reagents and Consumables
Table below summarizes the reagents and consumables for the concentrator. Sufficient stocks will
be maintained on site (1 – 4 weeks) to ensure supply interruptions do not disturb the production.
Table 17-6. Reagent and Consumables Summary for Spodumene Concentrator
Description

17.2

Application

Delivery

Grinding media

Ball mill balls

40 ton loads

Sulphuric acid
(H2SO4)
Caustic soda
(NaOH)
Rape fatty acid,
EvRaRa

pH control in
spodumene
pH control in
preflotation

93 % concentrated acid,
bulk delivery, 40 ton loads
50 % concentrated, bulk
delivery, 40 ton loads

Flotation collector

Bulk delivery, 40 ton loads

Handling
In drums or big bags, charged manually
to mill from the feed end
Storage tank (35 m3)
Storage tank (35 m3)
Storage tank (50 m3)

Emulsifier Berol 050 Flotation emulsifier Delivery in IBC containers

Separate dosing system

Flocculant

Mixed and diluted, dosed to concentrate
thickener

Flocculant

25 kg bags

Lithium Carbonate Production
Outotec has developed process design criteria, process flowsheet, mass balance and equipment
list for a plant feed rate of 63 000 tpa of spodumene concentrate based on the testwork program
described in section 13.0.
Annual feed rate value has been back calculated from the end production rate of 6000 tpa LCE
(Lithium Carbonate Equivalents). Therefore, feed rate capacity of the lithium carbonate production
plant do not match with the flotation concentrate production with nominal or designed feed rate
values of the concentrator which are 72 000 tpa and 88 000 tpa of the flotation concentrate. Here,
in the pre-feasibility stage is assumed that throughput of the concentrator is variated. In the
feasibility phase production should be synchronized more carefully between the concentrator and
lithium carbonate production plant.
Spodumene flotation concentrate will be conveyed from the flotation concentrate storage to a
lithium carbonate production plant day bin with sufficient living capacity (75 – 100 m3 in Outotec’s
EQlist).
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The lithium carbonate production plant unit processes consist spodumene calcining in rotary kiln
(conversion), pressure leaching, bi-carbonation, polishing filtration and ion exchange, Li2CO3
crystallization, lithium carbonate powder jet milling and packing to big bags and leach residue
dewatering and delivering in bulk as analcime product. Excess water and bleeds from the plant
will be neutralized in effluent treatment unit with lime.

Process Design Criteria
Annual plant availability is designed to be 7500 hours and 85.6 %. Annual availability is limited by
the installed leaching and bi-carbonation autoclaves. The process plant is designed for a nominal
feed capacity of 8.4 tph of the spodumene concentrate. Estimated average annual lithium
carbonate production will be 6000 tpa LCE. The recovery of the lithium carbonate production plant
will be 85.3 %. The lithium carbonate production plant design criteria is summarized in table below.
Table 17-7. Process Design Criteria of Lithium Carbonate Production Plant (6000 t/a Li2CO3)
LITHIUM CARBONATE PRODUCTION PLANT

Unit Design value Source or comment

Concentrate storage day bin

m3

75 - 100

Design Processing Rate, Concentrate with 10 % H2O

tpa

63 000

Outotec Equipment list
Outotec Massbalance & PDC/ Carbonate production plant

Designed concentrate Li2O content

%

4.5

Outotec Process Design Criteria/ Carbonate production plant

Plant Capacity

tpd

202

Calculated

Nominal Capacity

tph

8.4

Outotec Massbalance & PDC/ Carbonate production plant

Annual Plant Availability, hours

h

7500

Outotec Process Design Criteria/ Carbonate production plant

Annual Plant Availability, percentage

%

85.6

Calculated

Designed Annual Lithium carbonate production, LCE

tpa

6 000

Annual Analcime Production

tpa

63 000

Outotec Massbalance/ Carbonate production plant

Outotec Massbalance & PDC/ Carbonate production plant

Li2O Leach recovery to Li2CO3

%

85.3

Outotec Massbalance/ Carbonate production plant

Flowsheet and Process Description
Process description is presented here as it has been presented in Outotec’s process description
document. The block diagram of the lithium carbonate production process is presented in the figure
17.3.
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Figure 17-3. Block Diagram of Lithium Carbonate Production Process

Spodumene Calcination (conversion)
Alfa spodumene is converted to leachable beta spodumene at rotary furnace at temperature of
1050 celcius (diameter 4.450 m and 10 tph capacity). Converted beta spodumene will be
processed to produce lithium carbonate.
The calcination process consists drying and pre-heating the feed material in two preheating stages,
calcination in a rotary kiln calciner and product cooling in a rotary cooler. Calcined spodumene
leaves the calciner in 1050 celcius and it has to be cooled down to 80 celcius before bi-carbonation.
The CHP plant is assumed to heat the production plant in the pre-feasibility study.
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Pressure Leaching
In the pulping beta-spodumene is pulped with water and the circulating mother liquid from
evaporation in an agitated reactor. Solid sodium carbonate (Na2CO3) is simultaneously fed and
dissolved in warm solution.
Chemicals for phosphate precipitation are fed to the pulping reactor. The slurry is pumped to preheating and pressure leach autoclave (soda leaching)
In the pressure leach autoclave (soda leaching) beta-spodumene is leached in high pressure and
temperature in an autoclave. Beta-spodumene reacts to lithium carbonate and leach residue solids
(=analcime):
LiAlSi2O6(s) + Na2CO3 + H2O à Li2CO3(s) + NaAlSi2O6 · H2O(s)
Operating temperature in the pressure leaching is 220°C and operating pressure 20 bar g.
Temperature in the autoclave is controlled by direct heating with high pressure steam. The slurry
retention time in the autoclave is about one hour.
Slurry from the autoclave is fed by pressure difference to two-stage flashing. Vapor generated in
the flashing is used in pre-heating to heat the autoclave feed slurry. Excess steam from the flashing
is split and used in leach residue (analcime) dryer.
The slurry is fed to cooling towers to cool down the temperature to 30 °C before bi-carbonation
autoclave.
Bi-carbonation and Leach Residue Handling
In the bi-carbonation autoclave lithium carbonate reacts to soluble LIHCO3 in presence of carbon
dioxide and water:
Li2CO3(s) + CO2(g) + H2O à 2 LiHCO3(aq)
Phosphate impurities are precipitated with magnesium hydroxide in the bi-carbonation autoclave.
Temperature in the bi-carbonation is about 35°C and operating pressure 3 bar g. The slurry
retention time in the bi-carbonation autoclave is 30 minutes. A part of the carbon dioxide needed
in the reaction is recycled from the crystallization.
The slurry is fed to leach residue thickener for solids-liquid separation after flashing to atmosphere
pressure. Lithium remains in the solution and leach residue is separated with an Outotec PF
pressure filter. Filtrate from the leach residue filtration is fed via polishing filtration to ion exchange
and crystallization.
Wash filtrate is fed to slurry reactors before bi-carbonation autoclave to dilute the leached slurry.
Filter cake is dried in a paddle dryer using excess steam feed from autoclave flashing. Leach
residue consists mainly of analcime NaAlSi2O6 · H2O and quarz and other gangue minerals. The
leach residue cake is left with 10% moisture and conveyed to analcime storage for bulk delivery.
Technology package provided by Outotec includes packing equipment for the big bags but in the
pre-feasibility phase is assumed that bulk deliveres will be applied.
Polish Filtration and Ion-Exchange
The filtrate solution from the pressure filter is fed to polishing filtration before solution purification
(Outotec microfiber AMF-series filters, one duty and one stand-by).
Polished bicarbonate solution is fed to lithium carbonate salt crystallization via ion exchange for
the removal of the multivalent metal ions with a chelating cation exchange resin. An iminodiacetic
acid resin Lewatit TP 208 is used neutralized to sodium form.
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Ion exchange is done in three fixed bed columns. First column is taken to regeneration cycle when
loaded up to breakthrough capacity with the metals. Iron and magnesium are the most common
impurities removed from the solution.
The regeneration cycle starts with elution of the metals with excess sulphuric acid. The resin
functional groups are simultaneously converted to acid form. The elution is followed by
neutralization of the resin to sodium form with sodium hydroxide. 0.5 to 2 M solutions of acid and
alkali are used in regeneration. There are water washing steps in between the load, elution and
neutralization steps. The last column wash step is done with demi water.
Li2CO3 Crystallization
Lithium carbonate is crystallised from the bicarbonate solution by evaporation:
2 LiHCO3 à Li2CO3(s) + CO2(g) + H2O
The solubility of Li2CO3 decreases at increased temperature. The CO2 evaporation and
crystallization and is initiated in a series of agitated reactors, heated to 95 ºC with steam. The
evaporation for maintaining the process water balance is done with the mother liquid from
crystallization in a falling film MVR (Mechanical Vapour Recompression) evaporator.
Carbon dioxide released in the crystallization reaction is circulated in the bi-carbonation autoclave
feed. Carbon dioxide containing gas flow is cooled in a heat exchanger and compressed before it
is fed to the bi-carbonation.
Lithium Carbonate Handling
Lithium carbonate solids from the crystallization slurry is separated in a knife discharge centrifuge
to minimize the entrainment of the soluble impurities in mother liquid. Soluble impurities are
washed in an agitated reactor. The slurry is pumped to a product belt filter and the solids are
washed counter-currently with demi water.
Final lithium carbonate product will be milled by jet mill to achieve product size passing 50 % (P50)
5 µm. Milled lithium carbonate will be packed to the big bags or according customer’s needs.
Effluent Treatment
Excess waters and bleeds from the plant area are treated with the excess acid from ion exchange.
Effluent treatment consists of an agitated reactor, pH-controlled lime milk feeding and a thickener.
The excess acid from the ion exchange could be reused in pH control of the spodumene
concentrator where the purity of the acid is not essential. This action will lower the operating costs.
Gypsum sediment from the effluent treatment is pumped to gypsum sediment pond 1M for water
clarification.

Reagents and Consumables
Table below summarizes the reagents and consumables for the lithium carbonate plant. Sufficient
stocks will be maintained on site (1 – 4 weeks) to ensure supply interruptions do not impact to
production.
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Table 17-8. Reagent and Consumables Summary of Lithium Carbonate Plant
Description

17.3

Application

Delivery

Handling

Sodium carbonate
(Na2CO3)

Na2CO3 pulping

Bulk delivery, 40 ton loads

Storage silo (105 m3)

Ca(OH)2

Effluent treatment

Bulk delivery, 40 ton loads

Storage silo (50 m3)

Mg(OH)2

Phosphate removal

NaOH

IX & mother liquid
recycle

Sulphuric acid

IX elution

Carbon dioxide,
CO2

Bicarbonization

50 % concentrated, bulk
delivery, 40 ton loads
93 % concentrated acid,
bulk delivery, 40 ton loads
Liquid CO2 (LIC)

Storage tank (35 m3)
Storage tank (35 m3)
Contractor delivers central gas delivery
system to site (3 x 36 m3 tanks)

Site Services
Raw Water and Water Treatment System
Raw water for the project is sourced from the adjacent lake Iso Kalavesi. Water intake permit will
be updated from Iso Kalavesi same time with the environmental permit application. Additional
water resource is process water pond with 200 000 m3 capacity where all waters from the
production and run-off waters are gravitated or pumped.
Raw water and circulated water from the process water pond are used to feed the water treatment
plant where process and demineralized waters are prepared. Circulation rate of the water is tried
to keep as high as possible.
The water treatment process includes humus precipitation and pH control. After chemical
treatment chemical water is pumped to six sand filters (5 m2) in series for clarification. After sand
filters water is pumped to filtered water tank. Make-up process water to the spodumene
concentrator and water to demineralized water preparation are pumped from the filtered water tank
(600 m3). Demineralized water is prepared in ion exchange process.
The water treatment plant will be controlled from the control room. Duty and standby pumps are
provided for all critical pumping stages.
The estimated spodumene concentrator raw water make-up from Iso Kalavesi will be
approximately 40 m3/h at the beginning of the production depending the circulating rate from the
tailing ponds. Effluent water is planned to gravited from the process water pond to Iso Kalavesi but
flow rate or the effluent water quality or amount is not estimated in the pre-feasibility phase.
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Figure 17-4. Simplified Block Model of Kalavesi Site Water Arrangements

Process Water
Process water will be recycled from the tailings and concentrate thickeners at design production
rate of 86 m3/h where it will be pumped back to spodumene concentrator process. Water balance
for the spodumene concentrator is negative and remaining make-up water will be sourced from
the filtered water tank of the water treatment plant.
The lithium carbonate plant is designed to use condensates from the process steams as a primary
process water source. Water balance for the lithium carbonate plant is positive and excess
condensates are pumped back to water treatment plant.
Demineralized Water (demi water)
Demi water is used at the lithium carbonate plant in the ion exchange and washing of the lithium
carbonate product. Demi water is used also in the steam production. Design capacity of the demi
water preparation is 10 m3/h.
Cooling Water
Heat treatment kiln and condenser requires cooling water. Total design capacity of the cooling
water circulation is 493 m3/h. The estimated evaporation loss at the cooling towers is 12 m3/h and
make-up water is pumped from the filtered water tank. Cooling towers are located next to the water
treatment plant.
Sealing Water System
Process water circulates through the water treatment plant. Additional sealing water system is not
included in the pre-feasibility phase. The pumping arrangements are considered to be relatively
simple and low cost item but piping costs are included to the capital cost estimate. Naturally,
amount of the sealing water is calculated to be included into process water streams of the
concentrator and lithium carbonate production plant.
Potable Water
Tap water from the municipality water system is potable. There is no need for the potable water
treatment plant.
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Fire Water
Fire waters are pumped from fire water tank with volume of 350m3. Station contains two pumps
and one diesel generator in reserve. Fire water piping network is covering all production and
auxiliary functions at Kalavesi production site.
Plant, Instrument and Flotation Air Supply
Plant and instrument air is supplied from two high pressure screw compressors. The air is dried
before distribution with one receiver supplying both plant and instrument air.
A low pressure flotation air blower is dedicated to the flotation circuit and it is included in Outotec
scope.
Steam Production
High pressure steam is produced at the power plant. The steam generator is fired with wood chips
and total power is 7.2 MW. Medium pressure steam is produced from the high pressure steam by
reduction.
The steam production is designed to produce following steam quantities:
· High pressure steam
· Medium pressure steam

17.4

4 t/h
4 t/h

230ºC
165 ºC

2.7 MPa
0.6 MPa

Instrumentation and Control
Design Philosophy
The scope of the automation is based on PI-diagrams developed on 2007. Prices are updated
based on other similar industrial Sweco projects. Automation level and the approach in general is
described in the chapters below.

Automation Level
The selected automation level provides safe and cost effective operation of the lithium carbonate
production. The automation solution is expected to comprise centralized process control system
with distributed control system (DCS). The hardware would be located in a centralized control room
enabling high-quality data and process management.
Automation and Instrumentation Design
Automation and instrumentation detail design will be done using commercial application like
ALMA, InTools or Vertex. These software support the idea of a unified data management. The
main benefit of the data management is the data collection over the project lifetime. The data will
be then easier to be available and utilized in the plant maintenance during the operation.
Architecture of Distributed Control System (DCS) and Programmable Logic Control (PLC)
The process operation will be done mainly in a centralized control room by DCS. Separate systems
at site will be operated by local HMI (human machine interface). There are also few process
equipment included to selected flow sheet that are provided with own PLC. Systems are
interconnected through profibus connection to the main automation system.
The DCS/PLC utilizes an open architecture. Workstation will have Windows operating systems
and Ethernet connection with process computers and remote workstations. The DCS/PLC will
have benefits compared to traditional instrumentation. Motors will be connected via profibus DP to
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the automation system. The I/O will be placed to automation rooms or motor control centre (MCC)
rooms.
Field Instruments and Installation Materials
The selected instrumentation is suitable for continuous operation of 8760 hours per year in heavy
industrial atmosphere. Instruments are supported by 4-20 mA technology. Field cabinets, cable
trays, cables and other installation auxiliaries are selected to meet these industrial requirements
too.
Transmission of Signals
The signal transmission will be done by fiber or conventionally by copper wire.

Video Surveillance (CCTV)
CCTV is Ethernet based and suitable for operation in a metallurgical plant. The system includes
30 installed cameras to provide sufficient coverage for process monitoring.
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18

PROJECT INFRASTRUCTURE

18.1

Project Infrastructure
Infrastructure Scope
Keliber lithium project consist of surrounding open pit mines, the spodumene concentrator, the
lithium carbonate production plant and auxiliary plant infrastructure at Kalavesi site.
Major infrastructure consists the following items:
· The access roads from the mines to the processing plant, which partly has to be improved
· 2 x 20 kV power transmission line from substation to Kalavesi site (4.6 km long)
· 20 kV power transmission lines to mine sites: Länttä (200 m), Rapasaari (3.4 km), Syväjärvi
(3.3 km) and Outovesi (3.4 km)
· Main switch station and electricity distribution at each site
· Main access road to Kalavesi site and run of mine ore pad
· Main gate, area fencing and weight bridge
· Required infrastructure for the crushing, concentrator and lithium carbonate production
equipment
· Crushed ore silo
· Pipe bridges for all pipelines from the water treatment, plant air compressor and flotation air
station to the production facilities
· Water treatment plant for process and demineralized water preparation
· Raw water pumping station at lake Iso Kalavesi
· Metallurgical laboratory for production
· CHP plant for process steam and electricity production
· Storages 4A and 4B for the products
· Tailings storage facilities (TSF)
· Tailings pond 1L for the deslime and flotation tailings fraction (own sections to each fraction
within pond 1L)
· Tailings pond 1M for the gypsum sediment
· Process water pond 1J
· Two separate settling ponds 1K for the prefloat fraction

Site Accesses
This chapter rest on Destia’s study of the road connections from the mine sites (Syväjärvi,
Rapasaari, Outovesi and Länttä) to Kalavesi production site. The purpose of the study was to
examine investment costs and transportation costs for different road route alternatives. In the study
both investment costs and transportation costs were calculated for two to five different road route
alternatives for possible mine sites Syväjärvi, Rapasaari, Outovesi and Länttä.
The study is based on map examinations, terrain visits and general information obtained from the
existing registers, and on studies made by Destia. The existing road network consists of public
and private roads. Länttä deposit is located on the current road route of Läntäntie. Läntäntie has
to be realigned before opening the Länttä mine site. Other mine sites are today reachable only via
forest truck roads and new transport road connections have to be built before production.
The ore is anticipated to be transported to Kalavesi production site year round from the mines.
Furthermore, general ground work, parking lot arrangements and other traffic arrangements on
the production plant area are discussed in this chapter.
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Main road 65 has a width of 7 meters and the local roads mostly have a width of more than 6
meters. The width of the forest truck roads vary from 4.0 meters to 5.5 meters. The current road
widths, lengths and volumes of traffic on the road route alternatives that were examined in the
Destia study are shown in the figures below.
Figure 18-1. Current Road Widths and Lengths on Road Route Alternatives

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

138 (215)

Figure 18-2. Current Traffic Volumes of Road Route Alternatives

The existing road network and the new planned road routes, which will lead to the mine sites are
mostly in rural areas and forests. Some of the road route alternatives are going through peat
production areas. There is no environmentally or culturally important areas or places along the
road route alternatives that would affect the choice of the road routes.
All the road route alternatives studied in the Destia study need both improvement of the existing
roads and also construction of new road connections. Improvements of the existing roads will be
made according to the guidelines shown in Tierakenteen suunnitteluohje 2004 by Liikennevirasto
(Finnish Transport Agency). The chosen basic structure for the road routes is Soratie 70 SR, which
is a gravel road design and can be used for both public and private roads with heavy vehicle traffic.
The design value for the carrying capacity of this structure is 70 MPa.
In the Destia study the design width for the private roads was 5.0 meters and for the public roads
6.5 meters. Based on this, some existing roads need both widening and strengthening of the
current road structure. Planned methods for improving existing roads categorized by the road type
are shown in the table below. Also soil layer structures for new roads are shown.
Table 18-1. Methods for Improving Existing Roads and Structure Layers for New Roads

Road type

Method for improving the carrying
capacity

Widening

Public road, width 6,5 m
Public road, width 5,0 m
Forest truck road, width
4,5 m
Forest truck road, width
4,0 m

Base course 150 mm + Binder course 50 mm
Base course 150 mm + Binder course 50 mm
Base course 300 mm + Binder course 50 mm

Meeting places
0,5 m + meeting places

Base course 450 mm + Binder course 50 mm

1,0 m + meeting places

New road
New road with soil
replacement

Base course 450 mm + Binder course 50 mm
Soil replacement + Base course 450 mm +
Binder course 50 mm

Meeting places, side ditch
Meeting places, side ditch
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Syväjärvi and Rapasaari sites
In the report made by Destia five alternative road routes for Syväjärvi site and three alternative
road routes for Rapasaari were studied. In the later study Syväjärvi and Rapasaari were combined
so that the final studies were done with three alternative road routes. These alternative road routes
are shown in figure below.
The need for improvement of existing bridges on the road route was estimated on the basis of
visual assessments.
Figure 18-3. Three Alternative Road Routes for Syväjärvi and Rapasaari Mine Sites

Destia recommended the alternative 1 (VE1), but in more detailed studies shows that the
alternative 2 (VE2) through Päiväneva and Känsäkangas is cheaper considering all the costs
(investment, transportation and maintenance costs).
There are also less people living along the route alternative 2 than along the route alternative 1.
and it causes less disturbance to the inhabitants. The length of this route is 18.2 kilometers and it
requires both improvement of the existing road (12.7 kilometers) and building of a new road
connection (3.8 kilometers). The new road goes through a peat area and thus costs include costs
for 1.8 kilometers of road structure with soil replacement. Also, the costs for building a new bridge
over Köyhäjoki in Jokikangas is included.
Outovesi Site
The selected transport route is to build connection road to Syväjärvi. Then alternative (VE2) to
Päiväneva and Känsäkangas will be used. The length of the route to Kalavesi production site is
21.0 kilometer.
Länttä Site
Three different road route alternatives (VE1, VE2 and VE3) were examined for Länttä mine site.
Länttä site is reachable via existing public roads but one of the three alternatives (VE3) also
includes a section of forest truck road which has to be improved. The alternative road routes for
the Länttä mine site are shown in the figure below.
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Figure 18-4. Three Alternative Road Routes for Länttä Site

The recommended road route based on the Destia study is the alternative 1 (VE1) through the
village Rahkonen. The length of the route is 24.7 kilometers and of which 1.9 kilometers is existing
road that needs to be improved.

Kalavesi Production Site
Kalavesi production site is located along the main road 63, Toholammintie, approximately 4.6
kilometers east of the municipality centre of Kaustinen. The size of the production plant and related
street and parking areas is approximately 0.94 square kilometers.
Some soil samples were taken from the production area in 2003. According to these soil samples,
the soil in the area is mostly till. On the surface, there is a rocky till layer with a thickness of
approximately 0.8 meters. Under that exist a silty till. The thickness of the silty till layer is
approximately 1.6 meters. Under the silty till there is a layer of rocky till before the rock surface.
The soil surface level in the area is varying between +87…+97.
No point cloud data for the terrain model is available from Kalavesi site area and the terrain model
for the site is calculated from contours obtained from terrain maps. Also, the peat layer from some
parts of the area has been removed and there is no specific information on the extent of those
areas. Therefore, calculation of masses and costs has been made based on rough estimates. It is
recommended that the area will be laser scanned using areal laser scanning to get a more precise
terrain model before making any more detailed calculations of costs. The coordinate system in the
maps used is ETRS-TM35FIN with a height system of N2000.
The sectional drawings of Kalavesi production site are presented in the appendices 18-3, 18-4 and
18-5. The first sectional drawing A illustrates the cross-section from the crushing plant to the lithium
carbonate production building. The cross-section from the plant area to the tailing storage facilities
is presented in the cross-section B.
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Removal of Topsoil Layers
Whereas the subsoil in the production area is mostly till, on top of the till layer there is a thin humus
layer. In average, the thickness of the humus layer is approximately 0.3 meters but in the lowest
parts of the area there is a peat layer on the top of the till layer that can be 0.5 meters thick. This
top soil layer has to be removed before starting the actual construction work on Kalavesi production
area. Soil containing humus and peat can be used partly for covering dam slopes and the rest can
be used to fill the low-lying area between the production plant and the main road 63
(Toholammintie).
The amount of soil that has to be removed from the production area is approximately 28 000 m3
(does not include soil masses in the pond area).
Road Connections in Kalavesi Production Area
In the east end of the production area a new crossing will be built for heavy traffic from the
production area to the main road 63. Currently Keliber’s offices and a warehouse area for timber
are located on the opposite side of the road to this new planned crossing. In the location of the
new heavy traffic crossing, the value for sighting distance to the east is approximately 160 meters,
which is acceptable for the speed limit of 80 km/h in special situations. The sighting distance to the
west is sufficient. Clearing of forest has to be done in the crossing area in order to create better
sighting distance. It is recommended that the new crossing should have a bypass space or
canalization for heavy traffic coming from the east and turning to the left to the production area. It
would cause less disturbance to straight going traffic. The length of the paved road connection that
has to be constructed from the new crossing to the rock crushing station is 120 meters.
To the west of the heavy traffic crossing, a new crossing for access to the parking area from the
main road 63 will be built. Sighting distances are sufficient up to a speed limit of 100 km/h. A paved
road connection from the new crossing to the parking area has to be constructed. The length of
this connection is about 165 meters. From the parking area, a paved road connection to the office
and laboratory building also has to be constructed and the length of this connection is about 60
meters.
In addition to the road connections mentioned, an internal road network inside the production area
with a total length of approximately 700 meters is needed. Investment costs for these roads are
included in the costs of the production plant area.
The cross section width of the roads is 6.5/6, in other words, the pavement width is 6 meters. The
pavement (AB 16) is designed to be 0.05 meters thick. Thicknesses of the structure layers of the
roads are shown in the table below. A filter fabric of type N5 is used under the structure layers.
Table 18-2. Thicknesses of Designed Structure Layers (mm)

Asphalt AB16
Crushed stone 0/56
Crushed stone 0/90
Blasted rock, max grain size 600 mm

50
150
150
1200

The estimated amount of blasted rock needed for constructing new crossing and road connections
in Kalavesi site is 2300 m3rtr and the amount of crushed aggregate material 650 m3rtr. Blasted
rock material is assumed to be obtained from mine sites and the costs for that are included in the
waste rock excavation costs. Thus the total costs include the ground work, crushing the stone
material, transport, leveling and compaction costs of blasted rock and crushed aggregate material,
and pavement costs.
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Parking Area
The total area of the parking lot is 1000 m2 and it is planned to have space for 40 cars. The parking
area is designed to have the same road structure layers as designed for the other roads in the
area.
The amount of blasted stone needed for building the parking area is 1200 m3rtr and the amount
of crushed aggregate material is 350 m3rtr.
Production Plant Area
To even out the height differences in the area, some soil has to be cut from the hill close to the
crushing plant. The rocky till can be used for fillings in the area. The silty till layer has to be removed
under the buildings and can be used for the dam structures.
The area under the ore stockpile silo of the crushing plant is filled to the level +91.4 (final surface
+93), under other buildings and structures the surface level of the fill is +90.4. The surface level of
the ready yard area is +92. Till (approximately 35 000 m3), obtained from the soil cuttings, will be
placed partly in a dam terrace (fine-grained till) and partly in the fillings of the production plant area
(coarser granular till). Because there is not enough till coming from the cuttings in the area, blasted
rock obtained from the mine areas is also used for the filling. Fillings are made in 1 meter layers
compacting each layer carefully. A filter fabric of type N5 is spread on the levelled, homogenized
and compacted till layer/filling.
Thicknesses of the structure layers of gravel and paved roads in different areas are shown in the
table below.
Table 18-3. Thicknesses of Designed Structure Layers (mm)

Asphalt AB16
Crushed stone 0/56
Crushed stone 0/90
Blasted rock, max grain size 600 mm

Gravel areas
150
150
1200

Paved areas
50
150
150
1200

Based on rough calculations, the amount of blasted rock needed is approximately 155 000 m3 and
the amount of crushed stone approximately 26 500 m3. Blasted rock material is assumed to be
obtained from the mine sites and the costs for that are included in the waste rock excavation costs.
Thus the total costs include the ground work, crushing the stone material, transport, leveling and
compaction costs of blasted rock and crushed stone and pavement costs.

Kalavesi Site Plan - Layout
As part of the pre-feasibility study a general site layout was updated for Kalavesi site. The site
layout is not comprehensive but it presents the footprint of the production facilities.
The basic layout design principles are originating from the preliminary design completed in 2007
by Sweco. In 2007 the preliminary plant layout was developed and the location of the production
facilities was decided as shown in the layout. Now, these design items were kept constant allowing
the simplifications. It will be more cost efficient to continue planning in the feasibility stage with the
latest information on hand.
Taking into account the boundaries described above, the following factors and limitations were
considered when updating the overall site layout:
· The crushing plant layout is updated to match Sandvik’s tender.
· Development and constructions are limited from the old rubbish dump located in the property.
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· Design capacity of the tailing pond volumes was selected to meet the requirements for 15
years of operation at design processing rate of 350 000 tpa
· All tailing fractions are stored separately in order to have better possibilities for recycling or
reuse in other industries as described in section 17.
Overall site layout is presented in the appendix 18-1. In parallel with the overall site layout
development the pipe arrangement chart was prepared and it is presented in the appendix 18-2
respectively. The purpose of the chart is to ensure that all required pipes are included to the capital
cost estimate.

18.2

Future Expansion
Possible future expansion needs are taken into account by having a reservation for expansion at
the eastside of the production facilities (Buildings 1D, 1E and 1G). The area of the reservation is
at least the same size as the current plant and there are not any auxiliary functions planned in this
location at the moment. These actions should provide enough flexibility for future expansions. The
location of the water treatment plant is chosen so that there are two open directions for the plant
expansion. At this pre-feasibility study phase critical equipment sizing for the future expansions is
excluded.

18.3

Mine Site Layouts
The construction of the mine site infrastructure includes the overburden removal, mine site roads,
maintenance and storage areas for the contractor, stockpile areas for the waste rock and
overburden, mine water management facilities and other smaller auxiliary mine site infrastructure.
Offices and locker rooms are constructed in modular buildings.
The earthworks for the waste rock areas will be made according to valid environmental regulations.
Acid forming, sulphur containing waste rocks will be stockpiled separately from the inert waste
rock. The stockpile areas will be located considering the landform and the landscape of the each
mine site.
The water management on mine site is arranged so that the waters formed on the mine site cannot
leak untreated to the environment and so that waters from outside cannot enter the mine site.
Waters formed on the mine site, mine waters and rain water is led through the settling basins to
wetland and downstream water system. The environment and the effluent waters will be monitored
according to the monitoring plan. The monitoring will be continued when the mining activities has
been finished.
The original mine site infracture design and preparation of capital cost estimate has been executed
by Destia in 2015. The Sweco scope included reviewing the Destia plans and updating the layouts
and the capital cost estimate. The Sweco comments are presented in sections 18.2.1 – 18.2.4 with
the updated layouts for the sites. The layouts are also included in the attachments for easier
review.
The layout of the mine sites will be updated after completing the delineation and sterilization drilling
for the mine sites in the BFS phase.

Syväjärvi
The area reserved for overburden is too small. Adequate volume can be achieved by enlarging
the area towards south and raising the peak to level +110.
There are 3 wetland areas included in Destia’s plan. Wetland PVK1 is too small for storage area
waters and it is proposed to enlarge.
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There is a separate storage for waste rock containing pyrite and possible other acid forming
elements. The storage is proposed to be lined with a bentonite mat which is covered by a 300 mm
till layer.
As other waste rock, soil and organic topsoil is assumed not to be acid forming, these storage
areas are built straight on natural till. Organic topsoil, peat and possible soft soils are to be removed
before stockpiling waste rock and overburden.
Figure 18-5. General Layout of Syväjärvi Mine Site

Länttä
The areas for the waste rock and combined overburden and topsoil are adequate for the planned
production. The topography of the area allows the surface waters to gravitate to the south.
As the waste rock, soil and organic topsoil is assumed stabile and forming no acid drainage, the
storage areas are built straight on natural till. Organic topsoil, peat and possible soft soils are
removed before stockpiling waste rocks and overburden.
The waters are led to the wetland via open ditches. There might be a need for shallow
embankments of till to prevent the waters on flowing to the wrong direction.
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Figure 18-6. General Layout of Länttä Mine Site

Rapasaari
The areas for the waste rock, overburden and topsoil storages are adequate, although the height
of the overburden storage should be raised to level +110. The topography allows to lead the
surface waters to the wetland via open ditches.
Figure 18-7. General Layout of Rapasaari Mine Site
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As the waste rock, soil and organic topsoil is assumed not to be acid forming, the storage areas
are built straight on natural till. Organic topsoil, peat and possible soft soils are to be removed
before stockpiling waste rock and overburden.

Outovesi
The areas and volumes of the waste rock, overburden and topsoil storages are adequate. The
topography of the area allows the surface waters to gravitate to the wetland via open ditches.
As the waste rock, soil and organic topsoil is assumed not to be acid forming, the storage areas
are built straight on natural till. Organic topsoil, peat and possible soft soils are to be removed
before stockpiling waste rock and overburden.
Figure 18-8. General Layout of Outovesi Mine Site

18.4

Plant Area Buildings
General Specifications
Building and structure specifications are based on the preliminary layouts of the Plant area and
buildings. Preliminary layouts have been available for the process building, the water Plant and
the crushing plant. Other building and structure specifications are based on the knowledge
gathered from previous projects.
The buildings are based on a blast rock layer which is described above in the project infrastructure
chapter. The building´s inner side fillings consist of sand/gravel. All foundations have a thick layer
of crushed stone below them.
All buildings’ ground floor elevations are estimated to be at +92.20 meters excluding the laboratory
and the crushing plant. At the crushing plant the elevation is about one meter higher than the rest
of the buildings.
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Table 18-4. Basis of Exposure Classes (EN1992) for Used Concrete Structures

Table 18-5. Summary of Plant Area Buildings and Structures

The fire class of the buildings is mainly P2 (Finnish building code, part E2) and in case of a multistore building (stores > 2) P1. Sprinklers for fire extinguishing will be designed, if needed.
All structures are based on Consequence Class CC2 described in standard EN1990.
Corrosivity of the environment for steel structure is defined as EN ISO 12944-2. C4, high.
All load bearing steel structures or structures which are part of the structure system have a minimum
steel grade of S355 specified according to EN 10025-2. The execution class is generally EXC2.
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Crushing Plant
The crushing plant consists of a ROM pad, a ROM bin, crushers, a crusher related to the conveyors
and a crushed ore silo. All crushing equipment have their own related structures, such as steel
frames, stairs and maintenance gratings, delivered by the manufacturer. Concrete structures are
not included in the crushing equipment delivery and they are described below.
Crushing and conveying equipment are fitted to the reinforced concrete pads. Steel foots of the
equipment are bolted to concrete pads by anchor bolts. Anchor bolts are grouted.
The crushed ore silo can be described as a circle shape reinforced concrete structure with a
diameter of 40 meters. The silo has concrete walls with a height of approximately 5 meters from
the ground level. The walls have expansions (concrete columns) at the positions of the roof
trusses. The silo also has an underground tunnel for the conveyor. The conveyor tunnel is about
three meters high and four meters wide and it extends through the entire silo diameter of 40 meter.
Both ends of the underground conveyor tunnel have escape routes. Inside the crushed ore silo
there are six belt feeders based on the slab.
The crushing ore silo roof is cone shaped and its slope is approximately 35 degrees. The roof
consists of load bearing sheets which are supported by steel trusses. Above the load bearing
sheets there is plywood and bitumen as a waterproof surface. All bushings through the roof are
sealed with bitumen. Steel trusses are supported from the concrete walls

Spodumene Concentrator and Leaching Plant Buildings
The spodumene concentrator and the leaching plant buildings are hall type of buildings. The
spodumene concentrator gross floor area is about 1400 m2 and the gross volume is approximately
22 500 m3. The leaching plant gross floor area is about 2.050 m2 and the gross volume is 30 500
m3. The building height is in average 15 meters for most parts of the building. However, the
spodumene concentrator building is about 7.5 meters higher at the crushing plant end. There are
control and support spaces in between these two process related buildings.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses as
well as necessary fastening parts for other construction parts. The fire class of the building is P2.
The steel frame is classified as fire class R15. R15 does not normally require any protection against
fire. Steel assemblies are painted by a corrosion protective painting system according to
environment corrosivity.
Steel columns are bolted by anchor bolts to the reinforced concrete pad footings with the grouting.
Pad footings are based on the crushed stone layer. The bottom level of the foundations is about 2.5 m from floor level.
Floor slab is reinforced concrete with a thickness of 200 mm and it is founded on crushed stone.
The floor surface treatment is made with hard aggregate dry-chake. Below the crushed stone there
is a well compressed sand filling.
The building shelter several separate equipment and constructions. Some of them can be based
on the floor slab but others need to have own foundations. These foundations are solid reinforced
concrete pads based on the thick crushed stone layer. For example the foundation of the Ball Mill
will be made clearly below the ground level in order to reach the adequate bearing capacity of soil
and due to the mass properties of the foundation itself.
The external walls are thin steel sheet sandwich elements with an insulated core. The elements
are horizontally installed and fitted to the columns by stainless screws. The bottom parts of the
walls are concrete sandwich elements with insulated cores. Elements are 1800 mm high, of which
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300 mm is below ground level. The concrete sandwich elements are mounted to the steel columns
by bolt connections.
The roof consists of load bearing steel sheets which are supported by steel trusses. Above the
load bearing sheets there is insulation and bitumen as a waterproof surface. All bushings through
the roof are sealed with bitumen.
The equipment in these spaces require some maintenance. For this purpose 10-15 metric ton
bridge cranes are assembled to both buildings.
Figure 18-9. Schematic Section of Building Structures with Overhead Crane

Spodumene Conversion Building
The spodumene conversion building is a hall type of building in one floor. The gross floor area is
about 480 m2 and the gross volume is approximately 7200 m3. The building height is in average
15 meters. The building is attached to the east side of the main process building.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses and
also necessary fastening parts for other construction parts. The fire class of the building is P2. The
steel frame is classified as fire class R15. R15 does not normally require any protection against
fire. Steel assemblies are painted by a corrosion protective painting system according to
environment corrosivity.
Columns are bolted by anchor bolts to the reinforced concrete pad footings with grouting. Pad
footings are based on the crushed stone layer. The bottom level of the foundations is about -2.5
m from floor level.
Floor slab is reinforced concrete with a thickness of 200 mm and it is founded on crushed stone.
The floor is sloped to the floor drains. The floor surface treatment is made with hard aggregate drychake. Below the crushed stone there is well compressed sand filling.
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The space includes also some maintenance gratings for equipment.
External walls are thin steel sheet sandwich elements with insulation cores. Elements are
horizontally installed and fitted to the columns by stainless screws. Bottom parts of the walls are
concrete sandwich elements with insulation cores. Elements are 1800 mm high, of which 300 mm
is below ground level. The concrete sandwich elements are mounted to the steel columns by bolt
connections.
The roof consists of load bearing sheets, which are supported by steel trusses. Above the load
bearing sheets there is insulation and bitumen as a waterproof surface. All bushings through the
roof are sealed with bitumen.
The building has equipment, which need to have own foundations. Reinforced concrete
foundations are based on the thick crushed stone layer.
Alongside with the spodumene conversion building, there are two cold storages. The storages are
8 meters high and 10x6 and 6x6 meters of size. These storages have steel frame structures with
concrete slabs. The shell is made of low profile sheets.

Plant Control Room and Other Supporting Spaces
In between the spodumene concentrator and the leaching plant there is a building for the control
room and other supporting spaces. The building is divided into three floors, each about 190 m2.
The first floor contains the main warehouse and the maintenance workshop, the second floor is
reserved for employee social facilities and on the third floor the control room and office spaces are
located. Because people are working in this building, it has to be safe for fire and warm.
Partition walls between this building and the connected buildings are implemented as prefabricated concrete wall panel. With concrete structure walls it is easy to implement fire safe and
noise lowering structures. The fire requirement of the wall is EI-M 60.
The secondary internal partition walls are metal frame walls covered with painted plasterboards.
Insulation is used for making them soundproof.
Floors will be made of concrete. The floor of the bottom storey will be laid on ground and in the
next floors intermediate slab will form the floor. The surface treatment will be hard aggregate drychake in the rooms with abrasion and painting elsewhere.
If waterproof surfaces are needed, for example in shower areas, surfaces will be covered with
waterproof layers and materials. Otherwise the surface materials and finishes are conventional.
The roof of this building part will be made of wood on the top of the concrete slab made of prefabricated concrete hollow-sab. The waterproof surface will be implemented by bitumen layers.

Concentrate Storages and Packing
The plant area has two cold storages for the main product and side products. The storages are
hall type of buildings. Both of them have a gross floor area of 1.750 m2 and a gross volume of
12.000 m3.
The storages have 5 meter reinforced concrete walls. The walls have expansions (concrete
columns) at the positions of the roof trusses. The expansions are outside of the building so that
they are not hampering storing.
The floors are thick edge reinforced concrete slabs in case of heavy loading machines. Slabs are
divided by expansion joints.
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The roofs consist of load bearing sheets, which are supported by steel trusses. Above the load
bearing sheets there is plywood and bitumen forming a waterproof surface. All bushings through
the roof are sealed with bitumen.

Plant Air Compressor and Flotation Air Station
The plant air compressor and the flotation blower station are in connection with the water plant.
The building area is approximately 100 m2 and it is in one level. The height of the building is a little
lower than the adjoining water plant, about 7 meters.
The building has a steel frame. The steel frame is classified as fire class R15. R15 does not
normally require any protection against fire. Steel assemblies are painted by corrosion protection
painting system. Columns are bolted by anchor bolts to the reinforced concrete pad footings. The
pad footings are on a crushed stone layer. The depth of the founding is about -2.5 m from floor
level.
The floor slab is reinforced concrete with a thickness of 200 mm sloped to the floor drains and it is
founded on crushed stone. The floor surface treatment is made with hard aggregate dry-chake.
Below the crushed stone there is a well compressed sand filling. The layers are isolated from each
other by geotextile.
The external walls are thin steel sheet sandwich elements with insulation cores. The elements are
horizontally installed and fitted to the columns by manufacturer screws. The bottom parts of the
walls are concrete sandwich elements with insulation cores. The elements are 1800 mm high, of
which 300 mm is below ground level. The concrete sandwich elements are mounted to the steel
columns by bolt connection.
The roof consists of load bearing sheets which are supported by steel trusses. Above the load
bearing sheets there is insulation and bitumen as a waterproof surface. All bushings through the
roof are sealed with bitumen.

Metallurgical Laboratory
The metallurgical laboratory is located on the east side of the production plant. The building is in
one floor and it is about 250 m2. The building contains some laboratory spaces, a kitchen, social
facilities and a dressing room.
The laboratory building is implemented as a so called ordinary house structure with wooden frame
and facade. The inner surface finishes are conventional.

Office Building (Reservation)
At this stage a separate office building is not implemented. However, the space for this building is
reserved next to the metallurgical laboratory. The building will be quite similar to the metallurgical
laboratory.

Water Supplies
Water Treatment Plant
All process waters are cycled through the water pant. The area of the water treatment building is
about 260 m2 and it is about 13 meters high. The building is semi-warm inside.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses as
well as necessary fastening parts for other construction parts. The steel frame is classified as fire
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class R15. R15 does not normally require any protection against fire. The steel assemblies are
painted by corrosion protection painting systems according to corrosivity environment class.
The columns are bolted by anchor bolts to the reinforced concrete pad footings. The pad footings
are on the crushed stone layer. The foundation level is -2.5 m from floor level.
The floor slab is reinforced concrete with a thickness of 200 mm, sloped to the floor drain and
founded on crushed stone. The floor surface treatment is hard aggregate dry-chake. Below the
crushed stone there is well compressed sand filling. The layers are isolated from each other by
geotextile.
The external walls are thin steel sheet sandwich elements with insulation cores. The elements are
horizontally installed and fitted to the columns by manufacturer screws. The bottom parts of the
walls are concrete sandwich elements with insulation cores. The elements are 1800 mm high, of
which 300 mm is below ground level. The concrete sandwich elements are mounted to the steel
columns by bolt connections.
The roof consists of load bearing sheets, which are supported by steel trusses. Above the load
bearing sheets there is insulation and bitumen as a waterproof surface. All bushings through the
roof are sealed with bitumen.
Fire Water Pumping Station
Fire waters are pumped from the Fire Water Tank of this station. The Station needs to be semiwarm to prevent water from freezing in winter time. The station contains two pumps and one diesel
generator in reserve. The gross floor area is about 55 m2 and the volume about 350 m3.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses as
well as necessary fastening parts for other construction parts. The columns are bolted by anchor
bolts to the reinforced concrete pad footings. The pad footings are on the crushed stone layer. The
foundation level is -2.5 m from floor level.
The external walls are tin plate sandwich elements with insulation cores. The elements are
horizontally installed and fitted to the columns by manufacturer screws. The bottom parts of the
walls are concrete sandwich elements with insulation cores. The elements are 1800 mm high, of
which 300 mm is below ground level. The concrete sandwich elements are mounted to the steel
columns by welding.
The roof consists of load bearing sheets, which are supported by steel trusses. Above the load
bearing sheets there is insulation, plywood and bitumen as a waterproof surface. All bushings
through the roof are sealed with bitumen.
Kalavesi Pumping Station
The pumping station is a semi-warm building to prevent water from freezing in winter time. The
building is about 40 m2 in area and 7 meters high. All pumps, equipment and pipes are above
ground level.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses as
well as necessary fastening parts for other construction parts. The steel frame is classified as fire
class R15. R15 does not require any protection against fire. The steel assemblies are painted.
The floor is made of thick edge reinforced concrete slabs with concrete plinth. The equipment
foundations are also made of concrete. Heavy machinery is based directly on the thick crushed
stone layer.
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The roof consists of load bearing sheets, which are supported by steel trusses. Above the load
bearing sheets there is insulation, plywood and bitumen as a waterproof surface. All bushings
through the roof are sealed with bitumen.
Outside Water Tanks and Containers
Water treatment plant has few tanks for storing waters (Filtrated water, Demi Water, Fire Water,
Cooling Towers). Water tanks have thick reinforced concrete foundations below them based on a
thick crushed stone layer. Concrete thickness may vary from 1.0 - 1.5 meters.

Power Plant Building
The power plant consists of the boiler building, the fuel reception building, the fuel silo, the dryer
and the sieve.
Boiler Building
The gross floor area of the building is about 350 m2 and volume 3.500 m3. It has a few levels
which are made of steel gratings. The building has also a steel stairs outside as an escape route.
The building has a steel frame. The steel frame includes columns, beams, braces and trusses as
well as necessary fastening parts for other construction parts. The steel frame is classified as fire
class R15. R15 does not normally require any protection against fire. The steel assemblies are
painted with corrosion protection paint.
The slab is thick edge reinforced concrete slab and it is founded on crushed stone. Below the
crushed stone there is well compressed sand filling. The steel columns are bolted to the slab by
anchor bolts. Boiler needs a few upper floors. These floors are implemented as steel gratings.
External walls are thin steel sheet sandwich elements with insulation cores. The elements are
horizontally installed and fitted to the columns by manufacturer screws. The bottom parts of the
walls are concrete sandwich elements with insulation cores. The elements are 1000 mm high, of
which 300 mm is below ground level. The concrete sandwich elements are mounted to the steel
columns by bolt connections.
The roof consists of load bearing sheets, which are supported by steel beams. Above the load
bearing sheets there is insulation, plywood and bitumen as a waterproof surface. All bushings
through the roof are sealed with bitumen.
Fuel Reception Building
The building is about 400 m2 and the volume is about 3.500 m3. The building is partly below the
ground level in order to make unloading of the fuel trucks easier. The building is cold space.
The underground part of the building (slab and walls) is made of reinforced concrete, cast on site.
The slab is about 400 mm thick for the fuel conveyors. The walls are about 4 meters high and they
have expansions (concrete columns) at the positions of the steel columns.
The upper part of the building is made of a steel frame with steel trusses. The steel columns are
bolted to the underground concrete walls/columns.
The external walls are low profiled steel sheets connected to the lightweight purlins. The purlins
are connected to the columns.
The roof consists of load bearing sheets, which are supported by steel beams. Above the load
bearing sheets there is plywood and bitumen as a waterproof surface. All bushings through the
roof are sealed with bitumen.
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Picture 18-1. Basic Illustration of Power Plant

Reagent Storages, Silos and Tanks
The separate silo and tank pads are reinforced concrete foundations. The cylinder shaped silos
also have cylinder shaped foundations. If the silo only has one layer sheathing and the content is
hazardous a precautionary pool might be needed around the foundation to prevent hazardous
substances from leaking into the environment. The volume of the pool is about 1.5 times bigger
than the silo itself.
Silos and containers with manufacturer´s steel frame and foots are based on concrete columns
connected to the thick reinforced concrete slabs. The steel columns are bolted to the concrete by
anchor bolts.
For these silos there is a concrete tray which has a concrete slab and concrete walls. The silos
themselves are supported by these concrete walls. The walls need to have expansions (for
example columns) to support the load of the silo.

Other Auxiliary Facilities
The weighbridge is planned for full trailer trucks, so it has to be approximately 25 meters long. The
weighbridge is mounted to the ground so that it is on the same level with the surrounding ground
surface. The foundation is reinforced concrete.
Fencing and Security
Around the plant area and the ponds there will be a fence. The fence is about 2 meter high chain
wire fence with locked gates.
Transformer and Main Switch Station
The transformer and switch station structures contains only a thick reinforced concrete pad and a
chain wire fencing around it. All equipment are under the open sky and there is no need to cover
them up. Three meter high fencing is needed for the safety purposes.
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Social Facilities for Truck Drivers
For the truck drivers some social facilities are provided for keeping statutory breaks. The social
facilities are located near the main entrance gate and their size is approximately 50 m2 in one
floor. The building contains a small kitchen and social facilities.
The building is constructed as an ordinary house structure, with for example wooden frame and
facade. The inner surface finishes are conventional.

18.5

Mine Area Buildings
The mine area buildings are temporary modular space solutions. The space solutions contain
office space, social facilities and a separate storage for equipment. The modular space solutions
are rented when needed at sites.

18.6

Tailing Storage Facilities (TSF) at Kalavesi Site
The pond area is located from the plant to east. There are swamps and moderate hills. The soil in
the hill areas and under the peat on the swamps is assumed to be till, which is assumed suitable
as construction material and also has adequate bearing capacity for the dam structures.

Flotation Tailing Ponds (1L)
The Tailings Storage Facilities (TSF) will consist of two tailing material ponds (TMPs). For 10
years of production the area needs to be 30.1 ha and have a volume of 1 473 000 m3. For 15
years of production the respective values are 32.7 ha and 2 427 000 m3.
The TMPs are constructed in two stages. First, the dam crest level is +99 (10 years of production)
and later the dam crest is elevated to level +104 (15 years of production). The respective HW
levels are +97 and +100. However, there is some extra capacity in the TMPs for about 4 years,
which can be obtained by raising the HW level to +102 (2 meters from the crest). The average
pond bottom levels for both TMPs are about +92.
The TMPs work as a settlement pond system to separate the tailings from the accompanying water
and as a final storage for the majority of tailings. The deslime fraction of the concentrator plant is
planned to be discharged to the smaller part of the TMP in the north, and the coarser part to the
bigger one. The deslime fraction is pumped as slurry to the pond, from which the water overflow
is led to the bigger pond via spillway pipes assembled in the intermediate dam. The coarse fraction
is pumped to the bigger pond as thickened tailings. The water overflow from both TMPs is led
from the bigger pond to the process water pond via a spillway pipe.

Process Water Pond (1J) and Gypsum Sediment Pond (1M)
There is also a 3.3 ha process water pond (PWP) and 1.06 ha gypsum sediment pond planned in
the TSF. The dam crest for both ponds is +97 and HW +95. The average pond bottom level of the
gypsum sediment pond is +92, and +89 for the PWP. The pond volume for PWP water is 200 000
m3 and for the gypsum sediment and water it is 31 500 m3. These ponds are not planned to be
raised and they will allow 15 years.
The gypsum sediment from the leaching plant will be lead to the pond as slurry, from which the
water overflow is led to the PWP. The water gathered in the PWP is circulated to the process.
Possible extra water is led to lake Iso Kalavesi, if necessary.
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Prefloat Waste Pond (1K)
The TSF includes two smaller ponds for prefloat waste storage and handling. The pond will be
made of chemical resistant concrete casted in situ. The ponds should be cleaned time to time due
to settled components. The access by excavator to the pond has to be provided.

Environmental Protection
The flotation tailings are assumed to have an inert characteristic and therefore protective
geomembranes are not needed. Also the circulated water is considered not to contain harmful
elements, and therefore, no geomembrane is needed for the PWP either.
Since the gypsum sediment might include sulfates and heavy metals, the pond is planned to be
lined with geomembrane. This is a common requirement in Finland for similar materials. The
membrane may be HDPE-liner, bituminous geomembrane or bentonite mat. The liners are
protected depending on the requirements of each liner material.
The organic top soil and peat is cut under the dams and ponds and stockpiled for the closure
phase. If peat is not removed from the ponds, there is a great risk of peat starting to float on top of
the water.

18.7

Dam Structures
There are no ground investigations made in the TSF area, but according to the ground
investigations on the mill site and Finnish quaternary maps, there is a certain amount of till to be
found on site, which can be used for dam cores. It may be possible to get all the till material
needed from the site for the first construction stage. For the second stage, most of the till has to
be transported from outside (for example from the mine sites). There is very little or no blasted
rock available on site. In this case homogenous till structure for the dams is most economic.
The dam embankment is made mostly of compacted till. A cut-off trench has to be made under
the dams in order to stop possible leaks through possible thin sand layers on the surface. A filter
system is made under the embankments, on the downstream side of the dams. Seepage water is
directed to the filter, from which the water is led to a downstream drainage ditch. The seepage
water is discharged into the environment. Slope protection layers are made on both slopes of the
dams, as well as a base layer on the crest for maintenance traffic. A maintenance road is also
made on the downstream side of the dams.
The slope inclination for all dams is 1:2 (V:H), except for the gypsum sediment pond, where the
upstream (inside) slope is 1:2.5, for ensuring the assembly of the liner on the slopes.
The design bases of the TSF are according to the best available practice and anticipated
requirements of authorities and environment permits. The pond dam structures have to fulfil the
requirements of the Dam Safety Instructions with provided monitoring facilities.
Main cross-sections of the dams are presented in figures below.
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Figure 18-10. Main Dam (1L)

Figure 18-11. Intermediate Dam in Northern Tailing Pond Section (1L)

Figure 18-12. Intermediate Dam in Southern Tailing Pond Section (1L)

Figure 18-13. Gypsum Sediment Pond (1M)
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Technical and Economic Risk Evaluation for Tailing Dam Construction
Since no ground investigations have been made, there are some risks concerning the ground
conditions:
· There are no ground investigations made on the TSF area. This is an uncertainty for the
evaluation.
· The till might be of bad quality or too loose and moist to be used for the dams. In this case
more till has to be transported from outside and that affects the costs.
· There may be soft soils under the peat and that would lead to extra mass changes under
the embankments for stability reasons.
· The overburden (till) thickness may be quite thin, and therefore there is less till on the site
to be used for the dams. If the bedrock is near the ground surface, some blasting probably
have to be made.
· If there are thick permeable soil layers under the dams, a deeper cut-off trench or cut-off
wall has to be made. Also, if the bedrock beneath the dams is fractured and near the ground
surface, a sealing curtain made by rock injections, may be needed at places
Environmental and Permitting Risks
· Since there have been some incidents concerning minor damages or leaks or even large
scale failures in Finland and elsewhere, there is a tendency for adding new requirements in
the environmental permits. Also the dam safety law is probably interpreted tighter than
earlier. This may lead to requirements that cannot be anticipated. The requirement may
concern the structures, operation and closure.
· If a geomembrane is required for the flotation tailings ponds and/or PWP (in case the tailings
are not considered inert), it has a remarkable effect on costs (dam material quantities and
the membrane). Also assembling the membrane on the bottom of the ponds is difficult,
because after removal of the peat, the liner has to be assembled under the ground water
level, and there is a big risk of ground water heave for the membranes. Some kind of under
drainage may be needed. Assembly on top of peat cannot be done. However, in some
cases peat itself has been used as a bottom liner. Since the thickness and quality of the
peat is unknown, this cannot be evaluated further.
· In case the tailings material is not considered inert, a purification may be needed for the
effluent waters discharged from the PWP and probably for the tailings pond seepage waters
too.
Operational Risks
· The flotation tailings are pumped to the pond as thickened tailings. The slope of the tailings
pond surface is much steeper than for traditional tailings material with lower solid content. If
the discharge is done from the edge of the pond only (from the crest), the effective volume
of the pond becomes significantly smaller than in traditional ponds. In this case there is also
a risk of the tailings flowing over the dam crest. There will be a need for moving the
discharge location constantly.
· If the discharge pipe is led to the center parts of the pond, the tailings form a cone surface,
which may easily rise higher than the dam crest. In this case, the overflow waters from the
fine tailings pond, from precipitation, melting of snow and ice and also the water seeping
out of the tailings may contribute to the water capacity becoming too small and a risk of
passing the HW level may occur.

Tailing Storage Facilities Water Management
The water arrangements of the concentrator and the lithium carbonate plant are described in
chapter 17.3 including the water treatment plant process itself.
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The water circulation in the tailing ponds includes the following slurry or water streams:
· Deslime fractions 1 and 2 are pumped from the concentrator to the upper tailing pond
section (77195/84061 m2) of the tailing pond 1L. Settling of solids will take some time due
to small cut size (-15 µm) of the desliming units. Clarified water will be gravitated through
decant well or pipe arrangements to a bigger tailing pond section (232091/243541 m2),
which provides additional time for settling.
· Flotation tailings are thickened tailings with a solid content of 60 %. The thickened tailings
will be pumped to tailings pond 1L to the bigger tailings pond section (232091/243541 m2)
for solids settling. Clarified water from tailings pond 1L will gravitate to the process water
pond 1J through decant well or pipe arrangements.
· Prefloat waste from the concentrator will be pumped to tailings pond 1K. There are two
similar sized ponds for the prefloat waste. One will be in use and the other will be drying
before possible dispatch to customers. Clarified water will be pumped to the process water
pond 1J.
· Gypsum sediment will be pumped to tailings pond 1M from the lithium carbonate plant.
Clarified water will gravitate to the process water pond 1J after solids have settled through
decant well or pipe arrangements.
· Circulated water from the process water pond will be pumped to the water treatment plant
from the circulated water pump station 1S.
· Lake Iso Kalavesi will be used as an additional water source if the water reclaim from the
tailings ponds is not meeting the plant requirements. Raw water to the water treatment plant
will be pumped from the raw water pump station 1R at Iso Kalavesi.
· The process water pond 1J will be equipped with emergency overflow pipes and the pipeline
to adjacent Iso Kalavesi for effluent water discharging by gravity. The overflow pipes are
needed if the water level is rising over the highest water level of the pond.
The preliminary water balance model was developed to support the project. A simplified approach
will not answer all the questions but it highlights that operation at selected Kalavesi site is not
limited by water. The quality and amount of the effluent water is excluded due to lack of the initial
data and the simplified approach at the pre-feasibility stage. At least the tailing characteristics and
information about the water catchment areas should be available for more an accurate model.
The preliminary water balance is based on the following assumptions and initial data:
· The mass balance of the concentrator and the lithium carbonate plant are provided by
Outotec which are used as a basis for the model.
· Run-off waters from the production site are estimated for the crusher, the concentrator and
the leaching plant area representing around 100 000 m2.
· Run-off waters from outside the production site are not included but it is assumed that in the
final site plan run-off waters are kept outside by ditch arrangements.
· All waters from the tailing ponds and production site will be gravitated or pumped to the
process water pond and pumped further to process of the water treatment plant.
· Annual rainfall and evaporation are estimated to be 550 mm and 200 mm. All of the annual
rainfall is assumed as water. During the winter, the most of the rain is snow.
The high level summary of the water balance is presented in the table below at the design
processing rate of 44 tph of ore.
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Table 18-6. High Level Summary of Preliminary Water Balance
CONCENTRATOR

Design rate (m3/h)

Process water IN

293

Water OUT

293

Moisture in ore

2

Process water recycled at concentrator

102

Make-up water

189

Subtotal

0

Comment
In concentrates or tailings

LITHIUM CARBONATE PLANT

Design rate (m3/h)

Comment

Make-up water IN (=sealing water)

10

Process water from condensates

Moisture in Concentrate

1

Demi water IN

2

HP and MP steam IN

8

Water OUT

18

Condensates OUT

1

Subtotal

1

Excess condensates

WATER TREATMENT PLANT

Design rate (m3/h)

Comment

Circulated water IN from TSF

182

Water retained into solids etc

Raw water IN

40

From Iso Kalavesi lake

Demi-water OUT

9

Filtered water (Process water) OUT

199

Evaporation loss at cooling towers

12

Slurry stream from dynasand filters to sewage

1

Cooling water circulation 1 (35/55C)

493

Subtotal

0

In order to develop the model further the following studies and initial data are recommended:
· A study to estimate the water catchment areas of the surrounding run-off waters entering
the production site water system.
· Sufficient data to estimate the amount of the waters retained into solids at the tailing ponds
in different tailing fractions.
· Proper annual information about the rainfall and evaporation on wet, average and dry years
to estimate the annual effluent water annual variation to lake Iso Kalavesi.

18.8

Preliminary Acid Drainage Considerations
Tailing fractions of the concentrator and lithium carbonate plant have not yet been studied
according the current Finnish environmental legislation. There is a test report available from 2005
on the environmental properties of the some tailing fractions (deslimes, prefloat and magnetic
waste and estimated gypsum sediment fractions). The report is not valid to meet the current
environmental legislation but it indicates that tailing fractions from the concentrator are most likely
not acid forming and most of the tailing fractions could be classified as stabile tailings.
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The flotation tailings are presenting the highest tonnage and percentage of from the fresh ore feed.
Based on the multi-element assays of the GTK Mintec mineral processing testing the heavy metal
contents are at similar level as for the ore. The prefloat fraction is containing elevated levels in
several heavy metals like Cu, Ni, Zn and As but the annual tonnage of this fraction is low.
At least the standard solubility tests are recommended for leaching properties and determining the
potential acid drainage for all tailing fractions:
· 2-stage shaking tests SFS-EN-12457-3
· Colon test for long term characteristics CEN/TS 14405
· Neutralization/ acid ration determination (NPR)
The quality of the seepage and effluent waters can be evaluated after completing the tests above
and having the information available on the tailing characteristics. Also, the preliminary design of
the effluent water treatment methods could be completed based on the solubility properties of the
tailings.

18.9

Electricity Supply and Distribution
The feasibility calculations point out that it would be profitable to Keliber Oy to produce most of the
needed electricity in a CHP plant. The need of heat and electricity matches nicely to the CHP
design principles, the heat comprising 70-75 % of energy and electricity 25-30 %.
It is advisable to have a full size connection to the local electricity network. If the CHP plant is down
for some reasons, the production could continue using electricity of the network. The other
possibility is to sell the surplus electricity to markets when the CHP plant is running and the
production plant is shutdown.
The design should prioritize the need of heat. Electricity would be produced to Keliber’s own use
as much as the CHP plant is able to generate.

Electricity Supply
Korpelan Voima Oy is a local grid company and it is operating the power distribution in the area.
Korpelan Voima has been provided the quote including the following power supply for the
production sites.
Kalavesi
Kalavesi production site will be supplied by a double underground 20 kV power line coming from
existing substation located 4600 m away from the site. It is recommended to consider a single
underground 45 kV power line in the next development phase in order to have lower capital costs
and have more capacity for a possible future production expansion.
Länttä
Länttä mine site will be supplied by an overhead 20 kV power line. The nearest existing overhead
20 kV power line is located 200 m away from the site. The scope includes a new 20/0.4 kV
transformer and 150 m of underground power line to Länttä site and relocating of the existing 20
kV power line next to the new road (existing road and power line has to be relocated because they
are on the planned Länttä open pit).
Rapasaari
Rapasaari mine site will be supplied by an overhead 20 kV power line. It will be connected Korpelan
Voima 20 kV power line located 3400 m away from the site. The power supply includes a new
20/0.4 kV transformer.
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Syväjärvi
Syväjärvi mine site will be supplied by an overhead 20 kV power line, connected to Korpelan Voima
20 kV power line located 3300 m away from the site. The power supply is including a new 20/0.4
kV transformer.
Outovesi
Also Outovesi mine site will be supplied by an overhead 20 kV power line which is connected to
Korpelan Voima 20 kV power line located 3400 m away from the site. The power supply includes
a new 20/0.4 kV transformer.

Main Transformer and Switchgear
At Kalavesi site 20 kV switchgears will be placed in a switchgear room or separate building adjacent
to the production plant. At the mine sites 20/0.4 kV transformers are the main switchgear for power
supply (4 pcs). The electricity will be shared from the main switchgear to different locations and
process equipment. A single line diagram of the power supply is presented in figure below.
Figure 18-14. Single Line Diagram of Power Supply for Lithium Production

18.10

Electricity Demand
Electricity Demand of Process Plant
The estimated total connected load for Kalavesi production site is 4225 kW and the largest size
motor is 560 kW ball mill. A major proportion of the electrical load will be caused by the process
plant and it is designed 24 hours of operation per day. A summary of Kalavesi production site
power requirements is presented in the table below.
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Table 18-7. Kalavesi Production Site Power Requirements

Process area or unit process

Connected load (kW)

Crushing plant

692

Spodumene concentrator

1659

Lithium carbonate production

1241

Compressed air production

83

Power plant

430

Water treatment plant and water circulation

120

Total

4225

Electricity Demand of Mine Sites
Sweco has limited information on the power demand at the mine sites. It is recommended to define
requirements in more details in the next development phase.
At the pre-feasibility phase the power demand of the mine site is assumed to include electricity for
the restroom and offices, area lightning and mine dewatering with a single 20 kW centrifugal pump.

Voltage Selection
The voltage level was selected for the process electricity is 400 V or 230 V for auxiliary functions
in the pre-feasibility study. The voltage level and the voltage drop limits are recommended to be
optimized during the project proceeds.

Electrical Switch Rooms
Electrical equipment such as switchgear, substations, motor control centers, panel boards, UPS,
process control systems and I/O cabinets will be installed to separate switch rooms in a climate
controlled environment. The electrical switch rooms are located near one another and in the
immediate vicinity of the transformer room or above it, and in the process area which they serve
most in order to minimize costs of cabling and power losses.
Electrical equipment rooms will be designed for easy operation and maintenance. Possible future
expansions are taken account in design. All design will be executed under Finnish standards for
electrical equipment design (SFS6000-8-810.2.4). Double doors will open outwards. The electrical
switch rooms will be sealed to provide the required fire rating (PSK2002).
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Figure 18-15. General Layout of Electrical Switchroom

18.11

Communications
The mine and production sites will be equipped with sufficient internet connections. Mobile phones
are used for personnel communications. Hand-held and base-station radios will be provided for
operators for on-site communications (not yet included to capital investment cost at pre-feasibility
stage).

18.12

Fuel supply
Diesel fuel for vehicles will be delivered to the mine and production sites via seller-owned tanker
trucks and stored in 1 m3 containers on-site for mine and surface mobile equipment and vehicles.
This facility will be provided and managed by the contractors. Keliber will ask the local fuel
suppliers to tender for a self-service gas station in Kalavesi site.

18.13

Heating, Ventilation and Air Conditioning
General Specifications
General specifications of the heating, ventilation and air conditioning (HVAC) are summarized in
the table 18-8 on the next page.

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

165 (215)

Table 18-8. General Specifications of HVAC

The energy consumption for heating of the buildings is approx. 6600 MWh annually. Around 6200
MWh is estimated to be covered annually by waste heat from the lithium carbonate plant process.
The needed amount of purchased energy is then approx. 400 MWh/a for the planned maintenance
breaks of the plant.

Heating Systems
Heat Production
Process steam is produced in an own CHP plant at Kalavesi site. The excess heat from the
process is used for heating the buildings and storages. During process shut-downs the boiler plant
will provide district heat to the building and other facilities.
Heat Distribution and Transfer
The delivery mains of the heating network are mostly made of black steel pipes. Heating of the
production spaces is executed by the ventilation units and the circulated air units.
In the office department, conventional radiators are used to provide heat transfer. Alternatively
thermal radiators installed in the ceiling are used. Shower rooms etc. are equipped with floor
heating. In the crushed ore storage there is slab (floor) heating provided.

Water Supply and Sewage Network
Kalavesi office buildings will be connected to the municipality water and sewage networks.

Sanitary Fixtures
As sanitary fixtures generally available and saving water are selected. In the laboratories models
designed for laboratory use are selected.
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Laboratories and production facilities are equipped with emergency showers including eye-wash
fountains and ordinary showers. Insulated and trace heated emergency showers, suitable for
outdoor installation, are installed in places where there is an occasional danger of ice formation.

Ventilation Systems
The ventilation units are enclosed air handling units. The specific fan power SFP of the ventilation
system is maximum 2.0 kW/(m3/s). The fans are mostly equipped with frequency converters, but
those having lower capacity come with EC fan motors.
Production Facilities
Production facilities are provided with air handling units suitable for outdoor installation and they
will be installed on the roof.
Electrical Rooms
Electrical rooms are designed to be over-pressurised (appr. 20 Pa). The air exchange rate is 2.5
l/h. The supply air unit, which is equipped with a water heating battery, is located outside the
electrical room.
Offices and Laboratory
The air volume in the offices is designed as described in the indoor air quality standards in Finland.
In the meeting rooms, coffee rooms and others, where high air exchange is occasionally needed,
the ventilation is provided with necessary regulation (50 / 100 %). For the offices, there is a
supply/exhaust air unit installed in the ventilation (machine) room.
The exhaust air unit of the laboratory is equipped with a water/glycol heat recovery unit. There is
a separate control system, e.g. Fanison, for the fume hoods’ air conditioning.

Cooling Systems
Cooling of the offices is arranged by a cooling coil at the air handling unit, and also by ceiling
radiators or air conditioning beams (active chilled beams) which are installed in the rooms. Those
rooms where internal thermal loads are high (such as computer rooms) are equipped with fan
coils.

Compressed Air Systems
The compressed air piping in the production building is executed as a ring network made of
weldable PN16 steel pipe. The network is installed with a slope towards the drains. The outlets are
taken from the topside of the pipe through a gooseneck.

Fire Fighting Systems
The facilities are provided with hose reels and manual powder extinguishers. Smoke extraction is
executed mainly through smoke vents and windows. The smoke vents on the roof are equipped
with micro switches indicating their position.

Building Automation
The automation system of the estate is executed as a DDC-system. The automation substations
are located in the ventilation machine room and in the heat distribution room. The new substations
are connected to the building automation system.
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The temperature and the quality of air in the production and office facilities are controlled by
regulators which are connected to the building automation system.

18.14

Area Lightning
Kalavesi area lightning will be done by using light towers (7 pcs), street lightning and outdoor lights,
which are fixed in walls of the buildings. The preliminary plan is described in the figure 18-16.
Figure 18-16. Preliminary Plan of Area Lighting for Kalavesi Site
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19

MARKET STUDIES AND CONTRACTS
Keliber has signed a Letter of Intent (“LOI”) with an international chemicals producer with a focus
on lithium chemicals. By nature, the LOI is a statement of intention to cooperate in good faith in
specified areas of mutual interest.
The parties intend to establish a technical and commercial cooperation to evaluate product and
marketing strategies for lithium products based on Keliber’s planned production in Finland. The
parties will evaluate the possibility that Keliber in the future could be a supplier in the cooperation
partner’s extensive international marketing network.
Keliber also mandated experienced independent lithium market consultant signumBOX
Inteligancia de Mercados (“signumBOX”) to prepare and perform lithium market evaluation mainly
focusing on lithium carbonate. The prepared market study report, “Lithium Market Evaluation 2015
– 2030”, was completed and delivered to Keliber by signumBOX in November 2015.
This section summarizes the information contained in the above mentioned market study prepared
by signumBOX. Information is also gathered and received from other relevant public estimates on
lithium market and lithium market potential. When other sources of information are used it is
mentioned in the text, figures or tables.
The first part of the following section “Lithium Market” describes the supply and demand on the
lithium market including the lithium reserves and resources, current producers and newcomers
and the demand by applications, with the focus on batteries and battery market since these
applications will be the key drivers of the demand growth in the future. The second part describes
the analysis of the lithium price. Analysis is based on the estimations done by the above mentioned
independent consultants and on forecasted balance between future demand and production
capacity.
The by-product market is briefly described in the final section of the “Market Studies”. Description
of Nb-Ta by-product as well as possibilities of commercial use of analcime is briefly discussed.

19.1

Lithium Market
Lithium Supply and Demand
Under standard conditions lithium is the lightest metal. It belongs to the alkali metal group and like
all alkali metals it is highly reactive. Due to high reactivity it appears in nature only in compounds
and is found in different forms, mainly in pegmatites, continental brines and clays.
Sources of Lithium
1) Pegmatites
Lithium minerals in pegmatites include e.g. spodumene, amblygonite, lepidolite, petalite,
zinnwaldite, triphyllite, lithiophylite, taeniolite, eucryptite. Spodumene is the main source of the
lithium in pegmatites. Spodumene pegmatite deposits are often large and lithium content is
relatively high compared to the other type of minerals. Spodumene-bearing ores are also
comparatively easy to process. Petalite and lepidolite deposits are also recovered on economic
quantities at smaller mines.
2) Continental brines
Continental brines come from the leaching of volcanic rocks. Most of the continental brines are
located bellow dry lakes containing salts that are very soluble, so lithium doesn’t crystalize. The
brines can be processed by pumping them into solar evaporation ponds. Lithium, typically in form
of lithium chloride, is extracted from the brines by using the above mentioned evaporation ponds.
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Lithium Reserves and Resources
There are currently two main supply sources for lithium, i.e. continental brines and hard rock
pegmatites (figure 19-1).
Figure 19-1. Lithium Resources According Type of Deposit (SignumBOX)

Part of the hard rock resources are used directly as lithium minerals (lithium concentrate) and part
is converted to lithium chemicals. According the estimate of signumBOX the total demand of lithium
concentrate is around 70 000 tons as LCE (Lithium Carbonate Equivalent) of which 42 % is used
directly in different applications and 58 % is used in production of lithium chemicals.
There are several different estimates of the amount of the reserves and resources of lithium around
the world. The US Geological Survey (”USGS”) update every year their estimates of the lithium
resources and reserves and according their estimation in 2015 lithium resources are over 39.78
million tons (Li) and reserves 13.5 million tons (Li) (table 19-1).
Table 19-1. Worldwide Lithium Resources and Reserves (USGS 2015)
Country

Resources (Tons Li)

Reserves (Tons Li)

Bolivia

9 000 000

-

Chile

> 7 500 000

7 500 000

Argentina

6 500 000

850 000

US

5 500 000

38 000

China

5 400 000

3 500 000

Australia

1 700 000

1 500 000

Canada

1 000 000

-

Congo

1 000 000

-

Russia

1 000 000

-

Serbia

1 000 000

-

Brazil

180 000

48 000

Portugal

-

60 000

Zimbabwe

-

23 000

Total

> 39 780 000

13 500 000
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Lithium Chemicals Supply Worldwide
The total supply of lithium chemicals is estimated to reach 178 000 tons of lithium (LCE) in 2015
of which the current lithium carbonate production capacity is over 100 000 tons (LCE) and
production capacity of lithium hydroxide is estimated to be 50 000 tons (LCE).
Production capacity is going to increase in the future due the expansion plans of the current
producers and the entrance of the new projects in the market. Production capacity for the lithium
carbonate will grow from the current capacity to about 239 000 tons (LCE) by 2030. About 67 000
tons (LCE) of this growth is estimated to come from the expansions of the current producers and
circa 70 000 tons (LCE) from the newcomers (figure 19-2).
Figure 19-2. Li2CO3 –Future Production Capacity 2015 – 2030 –Tons LCE (signumBOX)

Lithium Demand by Application
The battery market represented the largest use of the lithium, with 38 % of overall consumption, in
2015 (estimate) as shown in the figure 19-3. Lubricating greases market is the second largest
consumer of lithium with 13 % of overall consumption and frits and enamels being third with 12 %
of overall consumption of the lithium.
Figure 19-3. Lithium Consumption by Application 2015 (signumBOX)

REPORT
2016-14-03
FINAL VE RSION
PRE-FEASIBILITY STUDY

171 (215)

Lithium Demand by Compound
Lithium carbonate is the most important chemical lithium compound representing about 42 % of
total lithium demand. Lithium hydroxide represents about 20 % of the total demand as shown in
the figure 19-4 below. Lithium carbonate can be obtained from the from the lithium chloride
solutions (brines) or lithium concentrates from mineral ores as pegmatites. The main application
of lithium carbonate is batteries (66 %), frits and glass (24 %) (figure 19-5).
Figure 19-4. Lithium Demand by Compound 2015 (signumBOX)

Note* Lithium concentrate technical grade used in direct applications

Figure 19-5. Lithium Carbonate Demand by Application 2015 (signumBOX)

Lithium Consumption Forecast 2015 – 2030
As represented earlier the largest user of the lithium is the battery industry (2015 estimates) and it
is expected that batteries represent the largest use of lithium also in 2030 (figure 19-6 and table
19-2 below).
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Figure 19-6. Lithium Consumption by Application, Tons LCE (signumBOX)

Table 19-2. Lithium Consumption by Application, Tons LCE (signumBOX)

Application - Tons LCE

2015

2020

2025

2030

Batteries -Portable devices (rechargeable)

41 300

56 600

75 400

126 000

Batteries -Portable devices (primary)

4 000

4 600

5 300

6 200

Batteries - Hybrid and electric vehicles

8 400

18 200

58 900

145 300

Batteries - 2-wheel electric vehicles

3 400

6 800

11 700

18 800

Batteries - Energy storage systems

300

1 500

5 400

5 400

Frits

17 700

20 500

23 700

27 500

Glass

14 000

16 100

18 700

21 700

Lubricating greases

19 700

22 900

26 500

30 700

Air conditioning

5 800

6 500

7 400

8 400

Continuous casting powders

6 100

6 500

6 800

7 100

Medical

4 400

5 000

5 700

6 400

Aluminum

5 200

6 000

6 900

8 000

Polymers

4 300

5 000

5 800

6 700

Others

16 300

19 000

22 000

25 500

Inventories variation

8 800

13 000

18 700

29 600

Total Demand

159 700

208 200

298 900

473 300
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Although the main driver for the growth of the lithium demand is mainly the growing use of lithium
in larger batteries, the demand of lithium for the portable devices (e.g. smartphones, laptops and
tablets) will also continue to grow. The demand of lithium in 2030 is estimated to reach total of 473
000 tons LCE by annual growth rate of 7.4 %. The largest share of the demand will come from the
batteries of electric and hybrid vehicles (145 300 tons LCE) and the second largest will be the
demand from batteries of the portable devices (126 000 tons LCE).
Hybrid and electric cars present the most promising application for lithium-ion batteries.
Electrification of transport is becoming more popular and countries and governments have given
incentives and support for this development. Lithium consumption in batteries for hybrid and
electric vehicles would reach about 8 000 tons (LCE) in 2015, Chinese car producer BYD being
the largest consumer of lithium. It is expected that BYD will continue to dominate the market also
in 2030 in terms of market share and Tesla will become second largest consumer of lithium in
electric cars (figure 19-7).
Figure 19-7. Lithium in Hybrid and Electric Cars (2015 - 2030), Tons LCE (signumBOX)

The demand of lithium carbonate and lithium hydroxide are forecast to increase significantly while
demand growth for other lithium compounds is lower. The growth of both, lithium carbonate and
lithium hydroxide are mainly due the growing demand of rechargeable lithium ion batteries,
especially driven by the use of lithium in larger batteries such as batteries for electric cars and
batteries for energy storage systems. Lithium ion batteries contain lithium as active material in the
cathode. Lithium can be also part of the anode and electrolyte (table 19-3).
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Table 19-3. Battery Components and Different Materials (signumBOX)
Battery Material

Battery Type

Lithium Product Supplied

Metal Oxide Cathodes

Li-ion

Lithium Carbonate, Lithium Hydroxide

Li Titanate Anodes

Li-ion

Lithium Carbonate

Electrolyte Salts and Additives

Li-ion

Lithium Carbonate, Lithium Hydroxide, Lithium bis(oxalate)borate

Li Metal Anodes

Primary, Li-ion

Metal and Foils

Lithium Consumption Forecast: Sensitivity Analysis
The main source of uncertainty for the future demand of lithium is related to the massive entry of
electric propulsion engines based on lithium-ion batteries. The forecast presented above is based
on conservative analysis for the entrance of these vehicles to the market on a massive scale.
Some of the risks of the future demand of lithium affect only to the lithium industry and others affect
most of the commodities. China represents the main source of uncertainty which affects also for
the most of the commodities.
Risks specific to the lithium market are:
· The uncertainty regarding the lithium chemical that would be most commonly used in
batteries for electric cars. In the forecast it is assumed that nickel based batteries and lithium
iron phosphate batteries would use lithium hydroxide as a main component of the precursor,
but this assumption may change in the future.
· Potential of new uses of lithium and new developments
· Potential substitutes of lithium in batteries or in other applications
Based on the above mentioned uncertainties different scenarios on lithium demand have been
considered:
· A low scenario considering the lower growth rate for all of the applications including the
pessimistic scenario for batteries for hybrid and electric vehicles. CAGR (Compound Annual
Growth Rate) of 4.4% for the next 15 years.
· High scenario considering higher growth rate for all the applications 2015 and onwards and
higher penetration rate for the hybrid and electric cars. CAGR of 8.8% for the next 15 years.
· Base scenario presented in the previous section with CAGR of 7.4% for the next 15 years.
Figure 19-8. Lithium Demand Scenarios 2015 - 2030, Tons LCE (signumBOX)
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Lithium Prices
According the price estimate by signumBOX in November 2015 lithium carbonate prices ranged
US$ 5 500 - US$ 6 000 per ton and according the estimate made by signumBOX in November
2015 in the short and medium term the price of lithium carbonate would remain at the current
levels. Based on pricing data of Industrial Minerals (04 Feb 2016) price of lithium carbonate, min
99-99.5% LiC2O3, large contracts, del continental US and lithium carbonate, min 99-99.5%
LiC2O3, large contracts, packed in bags, CIF Asia are were US$ 6 500 - US$ 7 500
(http://www.indmin.com/PricingDatabase.html).
SignumBOX predicts that the demand of lithium will overcome the supply of lithium during the next
decade. The projects expected to come in operation soon would not be enough to meet the grown
demand and this will push lithium prices, including lithium carbonate price, to rise by the end of the
next decade (figure 19-9).
Figure 19-9. Lithium Carbonate Market Prices 2014 - 2030 USD/ton (signumBOX)

The above described price forecast represents the average price of the lithium carbonate.
However, different prices can be found depending on the purity of the product (or grade) as well
as on particle size and other product components and specifications (e.g. dust free, noncompacting).
Technical grade lithium carbonate (min. 95 % Li2CO3) is sold at a lower price but the lithium
carbonate which is used as raw material in lithium ion batteries cathode materials, which must
have a minimum of 99.5% Li2CO3 and also meet very strict requirements in terms of particle size
and other components’ specifications, including the removal of contaminants, has a price premium.
Battery grade price premium can be about 20 % - 30 % over the technical grade, depending on
specifications of the product. Higher purity lithium carbonate of 99.9% Li2CO3 (High purity grade
lithium carbonate) is also used by the automotive battery industry but it is used also as a raw
material for other lithium compounds as well as for medicine applications.
According the signumBOX estimates the battery grade lithium carbonate (99.5 % Li2CO3) price
ranged in November 2015 between US$ 6 800 - US$ 7 500 and the high purity grade (99.9 %
Li2CO3) was estimated nearly about US$ 8 000 (figure 19.10). SignumBOX estimated that by
2030 lithium carbonate battery grade and high purity grade products would be between US$ 10
000 - US$ 11 000 per ton (Figure 19-10).
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Figure 19-10. Lithium Carbonate Prices 2014 – 2030 (USD/ton) (signumBOX)

Mainly in December 2015 and beginning of 2016 various reports (e.g. Asian Metal, The Economist)
have indicated that there has been increase in lithium carbonate prices, especially in Chinese spotmarket. Even prices between US$ 21 341 - US$ 22 866 per ton for battery grade lithium carbonate
have been reported (Asian Metal, dated 20th January, 2016. Lithium carbonate price up in China,
asianmetal.com). However even though these prices don’t represent the pricing of entire lithium
market and the prices of long-term contracts are still estimated to be considerably lower, it is
considered that spiking prices are possibly indicating the tightening supply of lithium carbonate.

Conclusions
The main conclusions of the market report received by Keliber and based on the other above
mentioned information are:
· Demand for lithium is expected to grow especially due to growth in demand of rechargeable
(secondary) batteries
· The growing demand of rechargeable lithium ion batteries is especially driven by the larger
batteries such as batteries for electric cars and batteries for energy storage systems
· Demand of lithium is expected to grow steadily about 7.4 % per annum (base case
scenario) over next 15 years
· Demand for lithium carbonate and lithium hydroxide are forecasted to increase significantly
while demand growth for other compounds is lower
· Battery grade lithium carbonate (99.5 % Li2CO3) is estimated to have 20 % to 30 % price
premium to the technical grade lithium carbonate
· The price of the lithium carbonate is expected to rise towards the end of the next decade
and would be by 2030 for lithium carbonate battery grade and high purity grade products
between US$ 10 000 - US$ 11 000 per ton
· Lithium market is currently very dynamic and supply of lithium carbonate has been
tightening and this has led to spiking prices of lithium carbonate in late 2015 and early 2016
especially in Chinese spot-markets

19.2

By-Product Market
During the processing lithium carbonate, Keliber will obtain at least two by-products of commercial
value, Nb-Ta product (columbite concentrate) and synthetic Na-zeolite (analcime).
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During the one of the earlier test programs Keliber has produced columbite concentrate and sent
samples of the concentrate to several potential customers. Keliber received positive responses
on the concentrate but didn’t initiate any formal discussions with these potential customers. As
mentioned in the chapter “Recovery Methods” marketing study related to columbite concentrate is
not yet completed.
Keliber has sent samples of analcime from the lithium carbonate test production programs to the
Natural Resources Institute of Finland (Ruukki office). The target has been to test analcime in the
agricultural applications. As in the case of the columbite concentrate, marketing study related to
analcime is not yet completed.
Although Keliber has not initiated discussions with potential customers for sales of the above
mentioned potential by-products, Keliber will continue the commenced development programs and
commercialization of these products.

Columbite Concentrate
Columbite belongs to the mineral group of columbite-tantalites. The columbite-tantalite mineral
group minerals are one of the sources of transition metals niobium and tantalum. Niobium and
tantalum are almost always paired together in nature. Niobium is a lustrous, gray, ductile metal
with a high melting point, relatively low density, and superconductor properties. Tantalum is a dark
blue-gray, dense, ductile, very hard, and easily fabricated.
A columbite concentrate may contain 10 to 40% Ta2O5 and its commercial value is calculated
based on the tantalum oxide content. Tantalite on the international market generally contains a
minimum of 30% Ta2O5, while lower grade material with 20% Ta2O5 may also be of interest.
According to Roskill Information Services Ltd (“Roskill”) over 40% of global tantalum mineral
resources are in Brazil, with another 21% in Australia. Africa also has considerable tantalum
resources, although probably nowhere close to the 80% of the global total that was reported during
the 2000s.
It is estimated more than 50% of tantalum is used in electronics applications of which capacitors
are the leading end use. Tantalum oxide is also used in glass lenses to get lighter weight lenses
that produce a brighter image. Tantalum carbide is used in cutting tools.
According the Roskill there are two main mechanisms for tantalum mineral prices: long-term
contracts from conventional miners and spot sales for material from artisanal mines and
elsewhere. Thus, as also in case of lithium, the prices of tantalum minerals are rather opaque.
Based on the Roskill’s estimates spot market prices for tantalum have showed few dramatic
movements during most of the 2000s, but the downturn in demand, significant downstream
inventories and the continuing availability of low cost tantalum from Central Africa caused market
prices to fall in mid-2009. Improving market conditions in 2010 boosted both market and contract
prices and they peaked at an average of US$140/lb in 2011. As the tantalum market began to
ease again, market prices slipped back to a level of around US$100/lb by the start of 2012. Based
on the latest information from USGS (2016) the tantalum ore monthly prices were at about US$
88 per pound of Ta2O5 content from January through August. This was 20 % lower than average
price tantalum in 2014.
The earlier conversations with potential customers indicate that there exists markets to the
columbite concentrate. Keliber has assumes that all the produced columbite concentrate will sold
in the future.
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Analcime
Production of lithium carbonate using the soda pressure leaching process produces also a
crystalized Na-zeolite i.e. analcime (NaAlSi2O6·(H2O)) as a process reject. The analcime from
the soda pressure leaching is similar to analcime occurring in the nature.
Over 40 different natural zeolites are known of which the most common are clinoptilolite, chabazite,
analcime, erionite, ferrierite and heulandite. Also over 150 synthetic zeolites have been created
for special industrial purposes. Zeolites are stabile crystalized materials which have a microporous
structure that can accommodate a wide variety of cations.
Natural zeolites have several different end-uses such as water purification, wastewater treatment,
cement (primarily down-hole cement applications by the drilling industry), animal feed, pet litter,
odor control and different agricultural applications (e.g. growth media, soil conditioners, and so
forth).
Keliber has provided samples of analcime for tests in agricultural purposes to the Natural
Resources Institute of Finland (Ruukki office). Keliber continues the co-operation with different
partners, especially with the Natural Resources Institute of Finland, to seek the ways to exploit the
existing potential of analcime. Special attention is paid to growing interest of zeolites in the
agricultural market.
According to the estimates of USGS (2016) prices of natural zeolites have ranged from US$ 110
to US$ 440 per metric tons in 2015.
In this study, Keliber’s starting point is that all the analcime process rejects is possible to sell to
agricultural markets. The predicted price in PFS for the analcime is kept on a neutral level, 46
euros per metric ton (50 USD/t).
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20

ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL IMPACTS

20.1

Introduction
Keliber has valid environmental permits, granted until further notice, for Kalavesi production plant
and Länttä open pit. Keliber has notified Centre for Economic Development, Transport and the
Environment of South Ostrobothnia (ELY Center, the environmental authority of the lithium project)
that Keliber will upgrade existing permits and apply new environment permits soon. The
applications will be submitted when the environmental impact assessment (EIA) report and the
process studies have been completed.
Keliber is preparing the final report to complete the EIA process for Länttä, Syväjärvi, Outovesi,
Leviäkangas and Rapasaari open pit mines. There has not been raised environmental issues that
might delay or prevent the project during the EIA process. Keliber has completed the necessary
environmental studies and the reports are almost completed. The expected completion of the EIA
report is tentatively the first half of 2016. The report will be submitted to the ELY Center as soon
as it is finished.
A short description about the EIA process and environmental permitting are provided in sections
below. In addition to the EIA Keliber is targeting to submit the environmental permit application
covering Kalavesi production site and mine sites of Syväjärvi and Länttä during year 2016.
Meanwhile Keliber will continue the ongoing nature conservation actions and open communication
about the project to the community.

20.2

EIA Programme
The EIA programme is a plan made by the mining project developer to define how the EIA
procedure will be organised. The EIA report contains details of the project and the various project
alternatives, as well as assessments of the expected environmental impacts of each alternative.
Participation involves communication between the developer, the competent authority, other
authorities, municipalities and the public and other stakeholders at various stages of the EIA
procedure.
Keliber’s EIA program was submitted to the coordination authority, the ELY Center in January
2014 and was published in February 2014.The coordinating authority gave the statement on
Keliber’s EIA programme in May 2014.
Keliber’s EIA programme (Ramboll. 2014) includes:
- study to minimise the impacted area
- description of the key features of the project and technical solutions
- assessment of the current state of the environment and its characteristics
- assessment of expected environmental impacts
- plans for the mitigation of detrimental impact
- evaluation of feasibility of the lithium project and its alternatives
- comparison of project alternatives
- proposal for a monitoring programme
- plan for arranging the assessment procedure and related participation
The liaison authority, the ELY Center, issued an authoritative statement on Keliber’s EIA program
for the Central Ostrobothnian Lithium Province in May 2014. In the statement the ELY Center
notes that the company’s EIA programme adequately covers the themes and topics required by
the EIA legislation.
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The ELY Center recommends that the work emphasizes various EIA topics, i.e. following aspects:
- project options
- outlining the scope of operations and the combined effects of future operations
- regional effects of the project
- effects on waters
- effects of traffic increase
- landscape surveys
- effects of noise and vibration for living things

20.3

EIA (Environmental Impact Assessment)
The purpose of the environmental impact assessment procedure (EIA) is to ensure that the
environmental concequences are appropriately investigated. EIA has to be carried out, if the
project is likely to have detrimental environmental effects. Also, the EIA procedure provides the
public more opportunities to participate and to have an effect on the project. The schematic
illustration of the EIA process is presented in the figure below.
Keliber plans to mine annually in each open pit more than the threshold limit (surface area of 25
ha) in the EIA Decree. For the mining and processing mined materials, the threshold in the EIA
decree 550 000 tonnes of material mined annually. Therefore, Keliber needs to conduct an EIA for
each open pit (including Länttä deposit which already has valid environmental permit).
Figure 20-1. Schematic Illustration of EIA Procedure (Jantunen 2013)
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Environmental Studies of the EIA
Keliber has conducted various studies for the environmental impact assessment (EIA). The table
below (table 20-1) presents a summary of the studies.
Table 20-1. Summary of Prepared and Planned Studies for EIA Report

Social Studies
Social impacts are often also mentioned in the context of environmental impact assessment,
referring to impacts affecting individual people or communities that cause changes in their wellbeing or the distribution of well-being. The term “social licence to operate” is often use in relation
to mining projects, meaning the general approval and support of local communities for
developments in their area.
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Social Impact Assessment (SIA)
Social impact assessment (SIA) of Keliber mining operations was carried out in December 2015.
The used questionnaire was send to all land owners and inhabitants near the mining sites and the
ore transportation roads.
The majority of the respondents (60 %) supports the project as presented or with some changes.
Adversaries of mining operations (27%) are a clear minority. The rest of the respondents (14 %)
indicated that mining project has no significance to them. Support for the lithium project does not
differ significantly among the local residents' opinions compared to other respondents.
Land Use Plan
Mines and their impacts on infrastructure and communities are usually so large that their locations
need to be marked in the regional land use plans. These plans indicate localities with potential for
mining activity, as well as functioning of the mines. Plans may also steer and harmonize the other
land uses necessary in connection with mining activity. Land use planning on Keliber’s open pit
sites is ongoing. Land use plans will be completed in 2016.

Historical Kalavesi and Länttä Site Permitting
The first environmental studies were made in the early 2000’s for environmental permits of
Kalavesi production plant and Länttä mining operations.
The EIA report of Kalavesi was prepared for the previously planned Lassila & Tikanoja’s biogas
production plant (MK Protech Oy 2005). The biogas plant and Keliber’s production plant was
planned to locate in the same site. Biogas was designed to be uses as energy source for Keliber’s
production plant. Later, Keliber has abandoned the plans for the biogas production.
The EIA report of the biogas plant includes three environmental studies. They were used in the
environmental permit process of Kalavesi production plant. The studies:
· The environmental baseline study of the production area (in Finnish) (Klinga 2002)
· Baseline study of the lake Pieni Kalavesijärvi (in Finnish) (Kananen 2002)
· The birdlife survey of the area of Lake Pieni Kalavesijärvi (in Finnish)(Ojutkangas 2002)
Environmental permit (2006) for mining operation in Länttä open pit and the permit application
included the following environmental studies:
· The Environmental baseline study of Länttä Open Pit area. (Mäenpää-Porko et al, Keliber
Resources Ltd, 2005)
· Baseline study of Lake Ullavanjärvi (in Finnish). (Kananen. Irma, 2005)

20.4

Environmental Permitting
According to Finland's environmental protection legislation, permits are needed for all activities
involving the risk of pollution of the air and water or contaminating the soil. One important condition
for permits is that emissions are limited to the levels obtainable by using Best Available Techniques
(BAT). The schematic block diagram is presented in figure 20-2 to summarize the environmental
permitting process in Finland.
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Figure 20-2. Environmental Permitting Procedure in Finland (www.ymparisto.fi)

Keliber has valid environmental permits granted until further notice for Kalavesi production plant
(2006) and Länttä open pit (2006). The conditions of those permits states that the review must be
submitted on 2011. The review of the environmental permit condition was completed on 2013. The
project scope has been expanded and the EIA process started after the update of the granted
environmental permit.
Keliber is targeting to submitt the environmental permit application which covers the operations of
Kalavesi, Syväjärvi and Länttä sites. The environmental permit application can be submitted to the
authorities after completion of the EIA process.

20.5

Nature Conservation Actions
Keliber has taken proactive measures to protect the local endangered species: the golden eagle
and the moor frog. The golden eagle belongs to the list of the endangered species in Finland as a
protected animal species. There is also a special protection program for the golden eagle. The
other species, the moor frog is one of the EU's Habitats Directive species.
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Golden Eagle
Syväjärvi and Rapasaari open pit sites locate on the territory of the golden eagle pair. Measures
to improve the territory of the eagles:
· In 2014 two new artificial nests was built to the eastern part of golden eagles territory, away
from the future mining operations
· During the winter 2015 and 2016 Keliber has commenced carcass feeding to increase the
probability of successful nesting of the golden eagle in the more peaceful and undisturbed
region.
· Satellite tracking of the golden eagle was commenced in 2015 (picture 20-1).
· Implementation plan to improve the territory of the golden eagle and to secure the
favourable conservation status during the mining period, confidential (in Finnish). (Tikkanen
Hannu ja Tuohimaa Heikki, Ramboll Oy 2015)

Picture 20-1. Golden Eagle with Tracking Device (Olli-Pekka Karlin 2015)

The nesting of the eagles in the artificial nest was a success. One young golden eagle was tagged
in June 2015.
Moor Frog
Deterioration or destruction of breeding sites or resting places of moor frog is prohibited (EU natural
directive). Following measures to ensure the continued ecological functionality of breeding sites
and resting places has been taken:
· Keliber has built three frog ponds for moor frog mating and hibernation habitats in 2015.
Ponds (ca. 600 m2 each), have been designed and built in co-operation with the best
experts in the field in Finland.
· Keliber has organized the protection the moor frog. The protection procedures are described
in the following publications:
- Organizing the protection of moor frogs (in Finnish). (Nina V. Nygren, Jere
Nieminen and Jarmo Saarikivi. Tutkimusosuuskunta Tapaus 2015)
- Construction of Moor Frog ponds in Keliber Ltd's mining site in Kokkola 2015 (in
Finnish). (Nina V. Nygren, Jere Nieminen and Jarmo Saarikivi.
Tutkimusosuuskunta Tapaus 2015)
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20.6

Closure Plans
Closure plans of open pit areas shall be included in the EIA report and will be complemented in
environmental permits.
The mine closure process is regulated in Finland by mining and environmental legislation as well
as a number of EU and other specifications. These provide a detailed guide to required procedures
during closure, including BAT (”Best Available Technique”) recommendations. The planning,
implementation and monitoring of closure is increasingly aligned with best practice principles,
through a combination of practical experience and industry recognition of the need to include
quality assurance and environmental considerations within responsible corporate policy.
The global mining industry has already reached a consensus concerning restoration of mining
areas to a stable environmental state, physically, chemically, and ecologically, so as to minimize
potential environmental and health risks (cf. Brodie et al. 1992, MMSD 2002a). Planning of closure
strategies should be an integral part of the general mine planning process from its inception, with
at the very least, closure assessment criteria being defined before the commencement of mining
operations.
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21

CAPITAL AND OPERATING EXPENDITURES
Capital expenditure (CAPEX) is the cost of developing or providing non-consumable parts for the
product or system. An operating expenditure (or operating expense), commonly abbreviated OPEX,
is an ongoing cost for running a product, business, or system. OPEX is a counterpart to CAPEX.
The capital and operating expenditures are calculated to study the profitability of the production of
ca. 6000 t/a lithium carbonate with the ore feed of 275 000 t/a. All the capital and operating
expenditures are collected over the life cycle of the lithium project. Furthermore, the results of the
rudimentary what-if – calculations for the production of ca. 9000 t/a lithium carbonate with ore feed
of 400 000 t/a are presented in the next main chapter (22 ECONOMIC ANALYSES).

21.1

Capital Expenditures
Keliber has four main type of CAPEX: 1) expenditures of mining site (Syväjärvi, Länttä, Rapasaari
and Outovesi), 2) expenditures of production site (Kalavesi), 3) Keliber’s general costs of running
the lithium project, and 4) rehabilitation expenditures.
Mining CAPEX is presented in the table 21-1. Production plant site CAPEX is shown in the table
21-2 and the CAPEX of Keliber’s general costs are presented in the table 21-3. Finally, the
rehabilitation costs are expressed in the table 21-4.

Mining Capital Expenditures
Keliber plans to minimize the need of capital in mining by employing a mining contractor for all the
mining activities. Keliber will be responsible for geological works, mine planning and site supervision.
The mining contractor will provide all the mining equipment. The contractor will do the actual mining
in all the mining sites. The cost of the equipment will be paid to a contractor as operating costs.
Open pit infrastructure includes:
· Construction of dumps for wastes and low-grade ore
· Water management facilities (pipes, ditches, settling ponds and filter fields etc.)
· Roads in the site and other constructed areas
· Power supply and distribution
· Road connections to public road network
Table 21-1. Mining CAPEX

Mining CAPEX
- ore feed 275 000 t/a

Syväjärvi

Länttä

Rapasaari

Outovesi

Total [M€]

Pit infrastructure

3.5

2.1

5.7

2.9

14.0

Road connections

0.4

1.1

0.2

0.2

1.9

Miscellaneous

0.5

0.1

0.7

0.0

1.1

Total

4.5

3.3

6.4

2.8

17.0

For Rapasaari and Syväjärvi, the mining capital expenditures include exploration and development
costs according to the contract between Keliber and the Finnish Ministry of Employment and
Economy.
The pit infrastructure design is on relative advanced level and the most of the engineering qualifies
already as basic engineering, therefore the contingency is set to 15 %. The total estimate of all the
mining capital expenditures including the contingencies is 17.0 M€.
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The mining CAPEX is assumed to be equal regardless the capacity of production plant.

Production Site Capital Expenditure
Production site capital expenditure includes all the investment needed in the plant area. The plant
site CAPEX consists of process-related equipment, devices and services with all the buildings,
constructions and work required to make the lithium carbonate plant operate as a running unit.
The expenditure estimate of major process equipment is calculated using the price estimates of
major potential suppliers such as, Outotec, Sandvik and KPA Unicon. The price information of the
major equipment was updated in the autumn 2015. Outotec provided their price estimates to the
process equipment for the capacity to produce 9000 t/a lithium carbonate 26th February, 2016.
The design of plant area was decided to follow mainly the solutions developed in 2007. Costs for
the structural steel, piping, electricity, construction work etc. are estimated using price information
from the recent Sweco projects and Sweco’s in-house databases.
Excavation Work
The estimate of the excavation works is including the all site preparation works at Kalavesi
production site like topsoil removal, road connections, parking areas and drive way construction.
Crushing Plant and Process Equipment
Crushing plant equipment sizing and flowsheet development is included in Sandvik’s budget
quotation. Technology packages of the spodumene concentrator and lithium carbonate plants are
based on the Outotec’s studies completed in 2015.
Structural Steel and Piping
The major steel structure and piping estimates are based on the plant layout developed on 2007.
Piping cost includes in addition to the pipes manual valves for the process, primary support steel
structures. Automatic valves are included to instrumentation and automation scope.
Electricity, Instrumentation and Automation
Korpelan Voima Oy (the local grid company) tendered for delivering electricity to Keliber. The
tendered investments are included in the capital expenditure estimate. The supply, planning,
deliveries, installation and commissioning costs are estimated following the designs from year 2007.
The estimates include planning and commissioning, instrumentation, automation system, I/O
cabinets, profibus network and CCTV surveillance system. The scope of the instrumentation is
including the automatic valves.
Buildings at Kalavesi Site
The building designs are based on the site layout and engineering carried out in 2007. The cost
estimates include earthworks, concrete, steel structures, sandwich elements, roofs and all other
construction costs related to the buildings.
Tailing Storage Facilities
The cost estimate includes top soil removal, earthworks, starter dam construction, required filter
layers, crushed rock for the roads and erosion layer to dam slopes, and all pipe works at the TSF.
In the estimate, it is assumed that ca. 60 % of till has to be transported outside to the site. The cost
estimates includes also bitumen geomembrane or bentonite mat for the gypsum sediment pond.
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The flotation tailing pond, deslime pond and process water pond are not equipped with any
waterproof layers.
The area and the volumes of the tailing storage facilities are based on the Outotec mass balances
and predictions of the production volumes over the life cycle of the production plant.
Table 21-2. Production Site CAPEX

Production site CAPEX
- 6000 t/a Li2CO3

Item

Bankable feasibility study

Bulk sampling
Process development
Products samples
Infrastructure
Pit area engineering
Project development
Basic engineering

3.4

Project management and
engineering

Project management
Site management
Detailed engineering
Re-engineering
As-built documentation

16.4

Area and infrastructure

Area acquisitions
Gate and weight bridge (1A)
Truck driver rest room (1A)
Analcime storage (4A)
Side product storage (4B)
Dam construction
Infra earth works
Electricity distribution infrastructure
Main pipe bridges
Prefloat and magnetic by-products basins (1K)
Power plant (1I)
Compressed air station (1N)
Lake water pump station (1R)
Water treatment (1N)
Water circulation pump station (1S)
Fire water pump station (1N)
Loading platforms, separate silos and tank pads
Licences and permissions

37.8

Crushing

ROM bin (1B)
Crushing station constructions (1C)
Crushing station, 3-staged
Crushed ore storage

Concentrating

Spodumene concentrator building (1D)
Outotec equipment delivery services (concentrating)
Dense media separation
Grinding
Beneficiation
Dewatering
Reagent preparation and water circulation
Instrumentation and automation
Columbite storage
Spodumene concentrate storage

[M€]

9.3

10.8

The table continues to the next page.
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Production site CAPEX
- 6000 t/a Li2CO3

Item

[M€]

Leaching process

Conversion building (1F)
Leaching and lithium carbonate production building (1G)
Outotec technology services
Outotec equipment delivery services (leaching)
Calcining
Leaching
Li2CO3 Recovery
Auxiliary components and equipment
Packaging station

41.6

Common process
investments

Process electricity
Automation and instrumentation
Pipe lines
Control room (1E)
HVAC for process areas (1D and 1G)
Reconstruction work

11.3

Laboratory

Laboratory building (1O)
Laboratory equipment

2.6

Facilities

Project arrangements
ICT
Vehicles
Fuels, utilities and supplies

1.3

Test runs and start-up

First fills
Process electricity used in test-runs
Spare parts
Tools
Training services

1.6

Elevation of tailing dams

Upgrading the volume for tailings

Total

12.2
148.3

The basic investment takes place quite soon and some of the cost are quite accurate, therefore
the contingency is set to 18 % for the basic investment. The elevation of the tailing dams is
anticipated to take place in year 2025 and it is not included in the basic investment.
The appendix 21-1 Plant Investment Cash Flow illustrates the estimated cash flow of the plant
investment in Kalavesi site for the production capacity 6000 t/a lithium carbonate. The rise of the
production capacity to 9000 t/a lithium carbonate would result in a moderate rise in the investment
costs of the production site. The estimated increase is ca. 12 M€.

Keliber’s General Capital Expenditures
Keliber is a junior mining company. All Keliber’s costs in the lithium project should be considered
as project costs. Therefore, Keliber’s general costs are added in capital expenditures (CAPEX).
Keliber’s general CAPEX consist of 1) advance CAPEX to carry out bankable feasibility study and
run the company before the project stage, 2) working CAPEX for 6 months to ensure operations
before steady production, and 3) Keliber’s general CAPEX during the lithium project.
There are no particular contingencies calculated in Keliber’s general capital expenditures. The
used values for salaries and other costs are conservative and some on assumptions are very
cautious. For example, it is assumed that the working CAPEX covers all Keliber’s costs for six
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months before steady production. Most likely, Keliber is able to generate some earnings of their
production during the period.
The advance CAPEX most probably is the regardless the production level of the plant. Working
CAPEX is expected to grow a little and Keliber’s general CAPEX decrease significantly, if the
production capacity is increased to 9000 t/a lithium carbonate per year.
Advance CAPEX
Advance CAPEX is aimed at carrying out the bankable feasibility study, organise financing for the
lithium project and all the arrangements to implement the project. As a part of advance financing,
Keliber is carrying out a financing round in the early spring 2016. The financing round is expected
to collect 2.88 M€ to finance preparatory costs of the lithium project.
The estimate of the advance CAPEX is 9.0 M€. The amount includes the financing round in the
spring 2016. The amount covers the bankable feasibility study and Keliber’s general costs and
general management costs before the project implementation period. In the other words, the
advance CAPEX is targeted to finance Keliber’s operations from 1.4.2016 to 31.3.2017.
Working CAPEX
Working capital expenditure represents the need of capital to ensure liquidity during the ramp-up
period. The estimate for the need of working capital is 8.2 M€.
Keliber’s General CAPEX
Keliber’s general CAPEX consists of general costs and general administration costs. The
management function in Keliber is expected to involve 9 persons (see table 21-3 below) and the
function is estimated to cost 15.4 M€ for 1.4.2016 – 31.12.2035.
The advance CAPEX fulfils the capital needs for general costs in the early stage of lithium project
(1.4.2016 – 31.3.2017). The general CAPEX for the lithium project is estimated to be 43.6 M€ for
the period 1.4.2016 – 31.1.2036. Keliber’s general costs apart from management costs is
estimated to be 28.2 M€ for the very same period.
Table 21-3. General Management and Administration

Group
General management

Position
CEO
CFO
Environmental Manager

Number
1
1
1

Supplementary management COO

1

Supplement administration

1
2
1
1

Marketing and Communication Manager
Accounting/ledger
HR
Administration Assistants

Subtotal

9

Rehabilitation Capital Expenditures
After mining finishes, the mining area must undergo rehabilitation. Mine rehabilitation aims to
minimize and mitigate the environmental effects of mining. In the open pit mining, like Keliber
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mines, it may involve movement of significant volumes of rock. Rehabilitation management is an
ongoing process to guarantee the healthy status of the closed open pits.
The rehabilitation CAPEX is assumed to stay the same despite of the increase in the production
capacity. The summary of rehabilitation capital expenditures (table 21-4) is shown below.
Table 21-4. Rehabilitation CAPEX

Rehabilitation CAPEX

21.2

Syväjärvi

Länttä Rapasaari

Outovesi

Kalavesi Total [M€]

Environmental restoration

0.6

0.3

0.7

0.2

0.6

2.4

Active care

0.2

0.2

0.2

0.1

0.2

0.9

Passive care

0.1

0.1

0.1

0.0

0.2

0.5

Total

0.9

0.6

1.0

0.3

1.0

3.8

Operating Expenditures
An operating expenditure (OPEX) is an ongoing cost for running a business. Generally operative
expenditure grows when the volume of the business operations increases. In Keliber’s case, OPEX
can be divided in two main categories: 1) mining costs and 2) production costs. All the operating
expenditures are calculated over the life cycle of the lithium project.
Mining cost estimates follow Keliber’s plans to outsource the mining activities. Production costs
are calculated assuming that Keliber will use its own personnel to run the production plant.
The capacity increase of the production plant affects only a little to mining operating costs.
Outsourced activities are expected to stay equal. Keliber’s costs will slightly decrease, because
the employments of Keliber’s mining personnel will be five years shorter.
In the production plant, the effect are significant, if the production capacity is increased. The plant
will operate the same five years less and Keliber will save a lot of money, because the
employments of Keliber’s mining personnel will be shorter. Outotec has indicated that the bigger
plant is possible to operate with the same personnel.

Mining Operating Expenditures
Mining operating expenditure estimate comprises: 1) overburden removal, 2) waste mining and
waste transport on site, 3) ore mining, 4) ore transport, 5) Keliber’s labour, 6) Keliber’s facilities
and maintenance, and 7) royalties. The mining operating expenditure estimates for each mining
site are presented in the table 21-5.
The far biggest mining operating costs are the contractor’s costs. Keliber carried out a budget
tender round to verify price levels in mining. Keliber specified annual mining volumes and
instructed tenderers that open pit mining method will take place. The outsourced costs have been
estimated according to the actual tenders of the potential contractors.
The other large cost item is Keliber’s labour cost. It consist of salaries (and wages) and their side
costs of the mine management personnel. Keliber’s mining staff will be five persons: Mine
Manager, Mine Geologist, Mining Engineer, Ore Inspector and Handy-Man.
Keliber facilities costs includes rented barracks for office and social premises. Electricity costs are
also included in facilities costs. Keliber maintenance cost includes road maintenance, cleaning and
other property maintenance.
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The royalties accrue according to Finnish mining law.
Table 21-5. Mining OPEX

Mining OPEX

Syväjärvi

Overburden

Länttä Rapasaari

Outovesi

Total [M€]

1.9

0.6

3.7

1.3

7.4

19.4

30.8

41.6

5.5

97.3

Ore

8.3

5.7

9.9

1.4

25.2

Ore transport

5.1

4.1

6.1

0.9

16.2

Keliber labour

2.4

1.5

2.5

0.4

6.8

Keliber facilities and maintenance

1.2

0.1

1.4

0.2

2.8

Royalties

0.3

0.2

0.4

0.1

0.9

38.5

42.8

65.6

9.7

156.6

Waste

Total

Production Plant Operating Expenditures
Cost data were collected from a variety of sources including: metallurgical process tests, supplier
budgetary quotations, Keliber and Sweco cost databases. The operating costs are estimated for
nominal capacity of the plant (275 000 t ore per year). The operating cost estimate includes all the
cost items relevant to processing ore and producing lithium carbonate and other products.
There are four major cost categories in plant operating expenditures: 1) labour, 2) chemicals, 3)
energy, and 4) maintenance. There are also quite a lot miscellaneous costs to run the plant.
Production Plant Labour
The planned personnel are presented in the table 21-6 below. It shows the personnel of the
crushing plant, concentrating plant, and leaching and lithium carbonate plant. The production plant
labour is divided into management, operations, maintenance and laboratory.
Table 21-6. Kalavesi production plant personnel.

Group
Plant management

Position
Plant Manager
Process Engineer
R&D Manager

Process personnel

Supervisors
Conc. and leaching
Crushing
General

5
20
2
5

Maintenance personnel

Mechanic
Electrician
Instrumentation

5
3
2

Laboratory

Laboratory Manager/Chemist
Laboratory assistants

1
10

Subtotal
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Chemicals and Energy
Laboratory tests have been used to determinate chemical consumption. Outotec has used
simulation software to determinate mass balances in order to extrapolate the needs of chemicals
and heat. Electricity need is estimated from the installed power of the electrical equipment and
expected operative hours of the equipment. The prices of each commodity are collected from the
tenders of the potential supplier candidates.
Maintenance
Maintenance costs are estimated two ways. First, the plant will have its dedicated maintenance
personnel. Second, for the very first years the need of maintenance material is scarce. Steadily
the need of maintenance grows during the years to stabilize ca. 3 % of the value of the equipment.
Production Plant OPEX Summary
The operating expenditures are calculated over the life cycle of the production plant. The results
are shown in the table 21-7 below. The miscellaneous costs comprise of items like crushing and
concentrating wear parts, consignation storages costs, laboratory costs, packaging and freight.
Table 21-7. Production Plant OPEX

Production plant OPEX

M€

Production labour

43.4

Chemicals

67.1

Energy

28.5

Maintenance

71.4

Miscellaneous

13.9

Total
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ECONOMIC ANALYSES
Economic analyses are based on ore reserves, technical solutions, selected operation models,
price estimates of the equipment, construction and earthworks and services, sales estimates and
scheduling of the lithium project. The characteristics of the lithium project have been described in
the earlier sections of this report.
All the transactions are timed. Keliber’s expenditures and earnings form monetary cash flow, which
carries out the profitability of the lithium project. The more and the faster the earnings will enter in
Keliber’s bank accounts compared to the expenditures, the better.
The calculations were carried through with the capacity of 6000 t/a lithium carbonate. Increasing
the production capacity from 6000 t/a lithium carbonate to 9000 t/a was expected to improve the
project profitability. Elementary what-if calculations were carried out to evaluate the profitability of
the production of 9000 t/a lithium carbonate with 400 000 t ore per year. If not otherwise indicated,
the reported results are for the capacity of 6000 t/a lithium carbonate.

22.1

Assumptions in Calculations
There are many assumptions in the profitability calculations. Some describe the current economic
environment, some of them originate from technical decisions, and some are made to simplify the
calculations.
The assumptions were made in cooperation of Keliber. They present the best judgment of the
business environment and the most probable course of actions in the lithium project. The summary
of the assumptions is shown in the table 22-1.
General Assumptions
The big decision was select the right date to begin the profitability calculations. After a discussion
with Keliber’s staff, 1st of April, 2016 was selected as the starting date of the calculations.
The other major general assumption is that all the products are sold. Moreover, Keliber’s sales of
separate lithium carbonate grades was anticipated to follow the rough estimates of the world
market’s sizes for the grades. The battery grade (min. 99.5 % Li2CO3) is expected to compose 90
% of the lithium carbonate production. The rest (10 % of production) is expected to be sold as
high-purity battery grade (min. 99.9 % Li2CO3).
Economic Assumptions
The economic assumptions present the business environment as the environment appears in the
spring -2016. Currently, the prices are stable (inflation 0 %), salaries and wages are on the steady
level (payroll increase during the years 0 %), payment terms both in sales and purchasing are 0
days net (cash) and bank interest for deposits is expected to be 2 %.
The most vital decision is the exchange rate between USD and Euro. The exchange rate used in
the calculations is 1.00 € = 1.0886 $ (average rate 11.1.16 at 12.01).
Technical Assumptions
The major assumptions in mining were mining capacity (280 000 t/a ore), use of selective mining,
and amount of rejected ore in ore selection (5000 t/a).
On the production plant site, the major assumptions were the nominal capacity of the plant
(275 000 t ore per year with production of 6000 t/a lithium carbonate). The design capacity of the
plant was decided to be 350 000 t ore per year. The operative hours of the concentrating plant is
expected to be 8000 per year. The leaching plant would have 7500 operative hours per year.
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The process decisions included that all the crushing is made in Kalavesi site, dense media
separation would not be used and a CHP plant would produce heat and electricity to Kalavesi site.
Also engineering and project management decision was made to include basic engineering to
bankable feasibility study.
Table 22-1. Key Assumptions

Key Assumptions
Starting date of calculations

1.4.2016

Currency

€

VAT

0 % (excluded)

Inflation

0 % (prices are stable)

Salary development

0%

All the products are sold
- share of min. 99.5 % Li2CO3 of Li2CO3 sales
- share of min. 99.9 % Li2CO3 of Li2CO3 sales

100 %

Deposit bank interest

2%

Keliber’s payment terms

cash

Customer payment terms

cash

USD/€ -exchange rate

1.0886

Loss of ore –ratio

5%

Dilution –ratio

15 %

Mining capacity

280 000 t/a *

Rejected ore (selective mining)

5000 t/a *

Plant design capacity

350 000 t/a (ore feed) *

Plant nominal capacity

275 000 t/a (ore feed) *

Plant production capacity

6000 t/a Li2CO3 *

Operative hours in concentrating

8000 t/a

Operative hours in Li2CO3 production

7500 t/a

Basic engineering in bankable feasibility study

yes

Pre-crushing

Kalavesi site

Dense media separation

no

CHP plant for heat and electricity

yes

- 90 %
- 10 %

An estimate was produced assuming that the production capacity is 9000 t/a lithium carbonate. The
key assumptions are the same for the increased capacity estimate expect the values marked with *.

22.2

Sales
The sales of the products generates the positive cash flow. The values arises from the quantities
of the products sold and the forecast sales prices. Numerical values of the production quantities,
sale prices and resulted sales are presented in the appendix 22-1 Numerical Production, Sales
Prices and Sales.
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Sales Price Forecast
The forecasts of the sales prices for each product were made using the best information available.
SignumBOX’s price forecast for battery grade (min. 99.5 % Li2CO3) and high-purity battery grade
(min. 99.9 % Li2CO3) were used. Analcime and tantalum prices were taken from USGS Minerals
Information databases for zeolites and tantalum. The main chapter 19 MARKET STUDIES AND
CONTRACTS gives detailed information of the sales prices.
Production
The estimate of the production quantities is based on the amount and the quality of the ore and
the processing capacity of the production plant. The ore-related information is presented in the
main chapter 14 MINERAL RESOURCE ESTIMATE. Keliber’s production environment is
described in the main chapter 18 PROJECT INFRASTRUCTURE.
Sales
The sales is combination of the products sold and sales prices. The appendix 22-2 Sales and Cash
Flows illustrates the accrual of the sales and the break-even point of the lithium project. The
illustration is made for the original production capacity (Li2CO3 6000 t/a).
The estimated total sales are show for both production capacities in the table 22-2.
Table 22-2. Total Sales

Total sales

Lithium carbonate
Analcime
Columbite
Total

22.3

Li2CO3 production 6000 t/a

Li2CO3 production 9000 t/a

Qty [t]

Sales [M€]

Qty [t]

Sales [M€]

97 036

761.9

96 873

697.3

1 140 035

52.4

1 138 114

52.3

269

50.3

268

50.2

864.6

799.8

Operative Profitability
The operative profitability is on good level in Keliber’s lithium project. The sales cover the costs
two to four times during the operative years of the plant. More detailed information is presented in
the appendix 22-3 Operative Profitability.

22.4

Cash Flow
The cash flow calculation period is 01.04.2016 – 31.12.2056. Keliber’s cash flow is calculated in
the manner that first are calculated Keliber’s for each operative month. Then, Keliber’s costs
(CAPEX and OPEX) are estimated for the same months. This way all the payments into or out of
Keliber are collected over the life cycle of the lithium project. When the figures are summed, the
net cash flow is received.
The used cash flow model is summarized in the appendix 22-4 Numerical Cash Flow Model. The
actual calculations are made in monthly basis, but for reporting purposes, they were summed up
to an annual form. The numerical cash flow model is calculated for the production capacity of 6000
t/a lithium carbonate.
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22.5

Comparison of Capacity Alternatives
A estimation was produced assuming that the nominal production capacity of ca. 9000 t/a lithium
carbonate. The lithium project is anticipated to be profitable with both the capacities.
The 9000 t/a lithium carbonate production gives better results in net present value (NPV) and
internal rate of return (IRR). On the other hand, return on investment (ROI) is slightly smaller.
Finally, the payback period is shorter for the larger capacity.
The comparison of the financial results for both the capacities are shown in the table 22-3. The
graphical presentation of the financial results are presented in the appendix 22-5 Comparison of
Sales and Cash Flows.
Table 22-3. Economic Comparison of Capacities

Economic comparison of capacities

Li2CO3 production
6000 t/a

Li2CO3 production
9000 t/a

Plant capacity [t/a]

275 000

400 000

Ore [t/a]

280 000

410 000

Rejected ore in selective mining [t/a]

5 000

10 000

Operative time [years]

16.2

11.2

Basic investment [M€]

152

164

Keliber company CAPEX [M€]

43.6

43.6

Mine investment (CAPEX) [M€]

17.0

17.0

Plant investment (CAPEX) [M€]

148.3

160.5

Rehabilitation CAPEX [M€]

3.8

3.8

Mine OPEX [M€]

156.6

156.6

Plant OPEX [M€]

224.3

224.3

Sales [M€]

865

800

Break-even month

2026/01

2022/11

Return on investment (ROI)

105 %

100 %

Net present value (NPV) @ 8 % [M€]

51

97

Internal rate of return (IRR)

13 %

21 %

The increase in the basic investment is small, because there is no need for additional equipment.
Some of the equipment should have a bit more capacity, but quite many of the equipment will
remain the same. The most of the investment increases come from the bigger grinding mill and
additional capacity in leaching and CHP –plant.
The reason of sales decrease in the increased capacity –scenario is that lithium prices are
expected to rise in the course of the years significantly. With higher capacity, Keliber might not be
able to take pleasure of the forecast increase of the lithium carbonate price towards the end of the
2020’s.
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22.6

Sensitivity Analysis
Sensitivity analysis were carried out to major concerns of the lithium project. The stability of project
profitability was checked towards: 1) price of Li2CO3, 2) €/$ –exchange rate, 3) loss of ore –ratio,
4) dilution –ratio, and 5) Kalavesi investment value (basic investment value).
All the other sensitivity checks show that the lithium project is financially quite stable to the most
of the business environment changes. The only exception is the changes in €/$ –exchange rates.
This vulnerability to USD rate is quite easy to understand: nearly all the costs are in Euros, but the
most of the incomes are in USD. Therefore, strong USD is very good news to Keliber’s profitability.
Even if the exchange rate of USD would deteriorate to the level 1.00 € = 1.50 $, the lithium project
would be narrowly profitable.
The other major concern might be the price of lithium carbonate. If the price of lithium carbonate
is halved, the lithium project is no more profitable. How realistic the assumption of strongly
decreasing lithium price is, it is difficult to estimate. But based on the historical development of the
lithium prices and the future price estimates made by the independent lithium market consultants,
the price fall is not probable.
Changes in profitability caused by major assumption changes are presented in the appendices:
Appendix 22-6 Profitability Sensitivity to Price of Li2CO3
Appendix 22-7 Profitability Sensitivity to Exchange Rate
Appendix 22-8 Profitability Sensitivity to Loss of Ore –Ratio
Appendix 22-9 Profitability Sensitivity to Dilution –Ratio
Appendix 22-10 Profitability Sensitivity to Kalavesi Investment
All the appendices from 22-6 to 22-10 are prepared for the production of 6000 t/a lithium carbonate
per year.
The combined sensitivity analysis is shown in the appendix 22-11 Combined Sensitivity Analysis.
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ADJACENT PROPERTIES
The adjacent properties have almost negligible influence on Keliber’s lithium project. It is safe to
say that the other mining operations do not interfere Keliber’s lithium project nor they support
Keliber’s lithium project.
Kalvinit Oy a subsidiary of Endomines AB has the nearest properties to Keliber’s mining sites.
Kalvinit’s ilmenite deposits are located in Kokkola (Kälviä) in Central Ostrobothnia. Kalvinit owns
five deposits in the area: Koivu, Kaire, Perä, Riutta and Lyly. These are located about 5 km from
Keliber’s Länttä site (see the figure 23-1 below).
Figure 23-1. Location Map Showing Adjacent Mineral Properties
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24

SCHEDULING
The profitability calculations require timing of costs and earnings. Otherwise, the cash flow
calculations are not timed, they are just divided on the time axis.
There are two major schedules: master schedule and project schedule. Master schedule describes
the whole lithium project from starting date to rehabilitation stage. The project schedule targets to
guide the planning, engineering, implementation and start-up of Keliber’s facilities until the steady
production period.
Preliminary master and project schedules have been prepared along the profitability calculations.
It is still work in progress –stage, but it gives proposals to the timing of the major events. The
schedule is expected to become much more accurate in bankable feasibility study.
The schedules omit Keliber’s financing operations. It is assumed that the financing can be
arranged following the project activities. A part of financing, the major risk in scheduling is the
environmental permits. The schedules do not take environmental permitting into account. The
permitting is going on, and in the schedules, it is assumed that the permits are granted in time.
Both the master schedule and the project schedule are presented to match the production of ca.
6000 t/a lithium carbonate with the ore feed of 275 000 t/a.

24.1

Master Schedule
The master schedule is based on the general understanding of the mining business. For example,
a mining site must be prepared early enough to start produce ore before the previous site is
exhausted. The first mining site should produce ore before the production plant is in production.
The master schedule is presented in the figure 24-1.
Figure 24-1. Master Schedule
-16 -17 -18 -19 -20 -21 -22 -23 -24 -25 -26 -27 -28 -29 -30 -31 -32 -33 -34 -35 -36 -37 -38
Activities
███ █
BFS
███ ██████
Env. permits
PM, eng. and constr. ███ ██████████
████████ ████████████ ████████ ████████████████ ████ ████████████████████
Li2CO3 production
Syväjärvi construction ████████
██ ████████ ████████████ █
Syväjärvi production
████ ██
Syväjärvi rehab.
██ ██
Länttä construction
██ ████████ ██████
Länttä production
██ ██
Länttä rehab.
██
██
Rapasaari construction
███ ████████ ████ ████████ ███
Rapasaari production
█ ███
Rapasaari rehab.
██
██
Outovesi construction
██ ███
Outovesi production
███ █
Outovesi rehab.
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24.2

Project Schedule
The preliminary project schedule is based on the following assumptions:
· Keliber will focus on project development, process R&D and permitting during 2016
· Bankable feasibility study will include basic engineering (full BFS)
· Bankable feasibility study will be initiated in the spring 2016.
· Investment decision will take place in in the spring 2017.
· Durations for each activity will be within normal ranges in industrial projects:
- generator for CHP plant 18 months
- rotary kiln 18 months
- autoclaves 18 months
- grinding mill 12 months
More detailed information of project scheduling is presented in the figure 24-2.
Figure 24-2. Project Schedule

Activities
BFS decision
Implementation decision
Li2CO3 production start
BFS
Process R&D
Project management
Procurement
Scheduling
Basic eng.
Syväjärvi env. permits
Syväjärvi infra detail eng.
Syväjärvi infra construction
Syväjärvi detail eng.
Syväjärvi overburden removal
Syväjärvi production
Kalavesi env. permits
Kalavesi infra detail eng.
Kalavesi infra construction
Kalavesi plant detail eng.
Kalavesi plant construction
Production
Re-engineering

2016

2017

2018

2019

♦
♦
♦
███████████████ ██████
███████████████ ████████████████████
███████████████ ████████████████████ ████████████████████ ██████
███████████████ ████████████████████ ████████████████████ ███
█████████ ████████████████████ ████████████████████
███████████████ ██
███████████████ ████████████████████ ███████████
███████ ██
█████████████████
███████ █████████
██████████
██████████ ████████████████████
███████████████ ████████████████████ ███████████
████████
████████ ██████████████████
██████████████ █████████████
█████████████████
█ ████████████████████
██████

Keliber does not have environmental permits for Syväjärvi mining site. The permitting work
continues and the project schedule is based on the assumption that the necessary permission are
given to Keliber in time.
Keliber’s most economical way to acquire blasted stone and gravel to Kalavesi site will be to use
Syväjärvi country rock. The transportation from Syväjärvi to Kalavesi is a minor cost compared to
the other processing costs of blasted stone and gravel. The use of Syväjärvi country rock requires
that the environmental permit is granted to Keliber.
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25

INTERPRETATION AND CONCLUSIONS

25.1

Metallurgical Testing and Recovery Methods
Metallurgical testwork has been performed on numerous composite samples from Länttä and
Syväjärvi deposits. The intended quality has been achieved and it has been demonstrated that it
is possible to recover lithium economically from available ore.
Based on the metallurgical tests Keliber has selected an overall process which includes grinding,
gravity concentration and flotation to produce spodumene concentrate. The concentrate is
processed in pressure soda leach process to produce lithium carbonate. By-products are
columbite concentrate (Ta and Nb) and leach residue (analcime). The company is also seeking to
sell prefloat concentrate and flotation tailings. Both of the products might be suitable raw material
to other industries.
The concentrating process of the lithium project is well-known. The process is based on upon unit
operations that are well proven in the industry and intensively tested worldwide. It indicates low
technical risk in the concentrating process.
The conversion and soda pressure leaching process has no commercial applications installed
anywhere to date. Therefore, the lithium carbonate production process should be tested
intensively.

25.2

Infrastructure
Roads
Roads from mining sites to Kalavesi plant have been engineered to basic level. In the next step,
roads would be detail-engineered for constructing. In the next stage, the combining Syväjärvi and
Rapasaari as one larger mining site should be evaluated. The larger mining site might result in
road route changes.
Kalavesi Site
Kalavesi site layout for the pre-feasibility study was taken from an earlier project stage, dated back
to year 2007. The old site layout was seen to be sufficient for the study. The old site layout does
not serve as a proper layout for the bankable feasibility study.
In the bankable feasibility study, site layout should be updated to improve usability of the plant.
The update should produce better designs and cost savings. For example, there are possibilities
to minimise earthworks, visibility of the plant and noise impacts to the neighbourhood.

25.3

Economic Analysis
The economic calculations were carried out based on the best data available. The technical data
of the major equipment was updated, but some engineering solutions were adopted from the
results of the year 2007. Pricing data was updated to match the price levels in 2015.
The general approach in the economic calculations is to estimate all the costs and earnings over
the life cycle of the lithium project. The life cycle approach is expected to produce more accurate
economic results than separate calculations of sales, investments and operational costs.
The economic calculations aim at reaching ± 30 % accuracy in the estimation results. The further
in the future the calculations advance, the less accurate they (most likely) are. For example, the
forecast product prices in the year 2032 (battery grade lithium carbonate 10 110 $/t, columbite
203 900 $/t and analcime 50 $/t), how accurate these prices eventually are? A second example:
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the accuracy of the basic investment value (years 2016-2019) is anticipated to be much better (ca.
15 %) than the accuracy of the elevating dams value (year 2025, ca. 25 %).
Sales
The earnings of the lithium project is expected to accrue from the sales of lithium carbonate (both
battery grade (99.5 % Li2CO3) and high purity grade (99.9 % Li2CO3)), tantalum and analcime.
All of the products are expected to be sold out in every business environment. As far as it is needed
to forecast the sales, the assumption is well-founded.
Moreover, there might be possibilities to additional earnings, if part of the flotation tailing sand
fractions are possible to convert to sellable products. Also, it is possible to increase the production
of tantalum without jeopardizing the production of lithium carbonate. Keliber also has new lithium
based products in development stage which might bear interesting financial possibilities.
The product price estimates are quite conservative. The prices in the future might be periodically
lower than indicated in the calculations, but generally the price levels should be at least on the
predicted level.
Capital Expenditures
Capital expenditure estimates comprise all the equipment and devices, constructions and
earthworks plus services and fees. The price levels of them were updated to match the prices in
year 2015. There might be some minor discrepancies, but if the major design decisions remain
intact, the basic investment value is expected to be close (optimistically ±15 %) to the predicted
value.
The profitability calculations were carried out to a plant producing 6000 t/a lithium carbonate. The
corresponding feed was 275 000 t ore per year. The financial effects of a larger plant was also
studied. The capacity of 9000 t lithium carbonate (with a feed of 400 000 t ore per year) provided
better financial results.
It is easy to understand the economics of the increased capacity. In the scenario of producing
9000 t/a lithium carbonate, the initial investment value increases 12 M€ (ca. 8 %) and all the other
costs are expected to stay the same, the financial results are better due to smaller time-related
operating expenditures.
If the feed is increased from 275 000 t/a to 400 000 t/a, the production period is shortened from
16.2 to 11.2 years, i.e. five years. Keliber’s savings for the 5-year-time is expected to be 22.1 M€
in labour and 7.6 M€ in general costs alone.
Operating Expenditures
Mine operating expenditures are based on the unit price tenders which Keliber received in the
autumn 2015. Most of the work is outsourced and there is no reason at sight which would cause
significant increases in their prices. The most likely source of additional mining costs are the
increased quantities of waste mining and lengthened transportation distances to dump the waste.
The operating expenditures of the production plant accrue from labour, chemicals, energy and
maintenance. Also the price levels for them have updated and the only major uncertainty is the
price of energy. If Keliber decides to invest to a CHP plant, it would put Keliber more secure position
against the increases in energy prices.
Evidently, there will be fluctuations in the price levels (both in mining site and in the production
plant), but it is normal price development according to the business environment.
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25.4

Environmental Studies, Permitting and Social Impact
Environmental Permits
The spodumene concentrator and the lithium carbonate production plant in Kalavesi area have
already an environmental permit. The permit is valid until further notice. At the moment, the permit
conditions are under review to see which way to modify the existing environmental permit. The
renewal process is expected to be shorter than applying for a totally new permit.
The same applies for the environmental permit of the Länttä mine site.
Environmental Impact Assessment (EIA)
The EIA will be ready and submitted to the authorities in 2016. At this point of the EIA process,
there are no issues which would prevent or delay the project. The environmental studies and the
reports are mainly finished and the EIA report is almost completed.

25.5

Risks Evaluation
Risk evaluation is a vital part of risk management. It is a continuous process that is performed over
the life-cycle of the project. Therefore, risk management is essential part of the company safety
work. In general, the risk management process helps ensure that a project is designed,
constructed, commissioned and operated on an acceptable level of risk.
The following list will summarize the risks identified during the pre-feasibility study. A short
description of consequences and their mitigation plans is provided below.
· Delays in construction schedule of the mine sites or Kalavesi production site.
Ø The impact will delay the production ramp-up and might cause economic losses.
Ø To mitigate this risk the project should define a pre-purchase strategy, identify key
qualified contractors and secure their services, and hire sufficient number of qualified
personnel by owner or use EPCM services. Management of the environmental
permitting is one of the top items to secure the required permits approved on time.
· Ore quality and quantity entering Kalavesi production plant is not sufficient.
Ø The most severe risk is that the head grade is lower than expected by higher than
expected ore dilution.
Ø The mine production should be able to mitigate the risk by using skilled key personnel
and having robust mining routines. Keliber is anticipated to ensure that all required
information of the ore bodies is available before developing the deposit to production.
The available technical solutions of selective mining are used.
· Ore transport from the surrounding satellite mines to production site causes problems.
Ø The impact of those will affect to production and to social acceptance of the project.
Ø The risk could be managed by improving the road connections before production
stage and having enough resources to road maintenance during the operation. Early
discussions and distribution of updated information to interest groups should be
provided.
· Production rate in crushing and concentrating plant.
Ø The potential risks are lower throughput, Li2O recovery and availability. Higher ore
hardness might result in lower than designed capacity and lower head grade will lower
the Li2O recovery at the beneficiation. Variability in the concentrate amenability to
pressure soda leach process will have affect to downstream processes.
Ø Metallurgical test programs should provide comprehensive data on effects of the ore
variability. Also, first fill spares and consumables should be available on ramp-up
stage to secure the availability of the crusher and the spodumene concentrator.
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· Lithium carbonate plant has high production risks.
Ø The process has not been tested outside the laboratory or pilot plant. The lithium
carbonate production process has many uncertainties. There are two autoclaves to
be installed to the plant and they might limit the annual availability if not working
properly.
Ø Technical solutions (sophisticated automation systems, increased instrumentation)
are used whenever possible to mitigate production risks. The first fill spares and
consumables are available at the very beginning of the production stage. The
successful ramp-up requires also a lot of testing with different spodumene
concentrates and training of the plant personnel.
· Spodumene conversion from alfa to beta-spodumene as the technical risk of the project.
Ø Agglomeration during the conversion might produce isolating layer to the surface of
the rotary kiln and limit the conversion capacity radically. Waste rock particles can
cause agglomeration below the required conversion temperature of 1050 ºC and ore
minerals in the higher temperatures. The volume expansion of the spodumene during
the conversion might cause problems to operate the process.
Ø The risk can be mitigated by optimising carefully the rotary kiln design and having
selective flotation performance.
· Market studies have not been completed to by-products, especially tantalum and analcime.
Ø Tantalum is considered to recover in columbite gravity concentrate, but tantalum is
not included in resource or reserve estimate.
Ø Tantalum should be included in resource or reserve estimates to mitigate geological
and production risks. This should be done also to follow good management practices
and business ethics.
· Major environmental risks
Ø The major environmental risks include dam failures, contamination of the surface
waters, dusting of the tailing storage facilities or roads at sites and complaints on
noise.
Ø Social acceptance will be greatly influenced by avoid dusting, keep the waters clean
and noise levels as low as possible. The tailing dam design should be executed by
competent persons. Early discussions with the authorities will help to identify ways to
mitigate risks and having the best practices on construction phase available. Sufficient
studies on tailings characteristics should be completed on development phase to
minimise environmental impact.
· Wild life protection risks (the golden eagle and the moor frog)
Ø In the worst-case scenario, they could affect to environmental permitting conditions
for the mining activities at Syväjärvi and Rapasaari sites.
Ø Keliber has executed actions to mitigate the described risk by constructing two new
nesting places for eagles and three ponds for moor frogs.
· Lithium carbonate price and exchange rate between Euro and USD.
Ø Potential new producers, new non-lithium technologies and development of the world
economics could cause a market situation in which the lithium carbonate price
decreases. Exchange rate development follows the rhythm of the world’s economics.
Ø Both of the risks are away from Keliber’s reach. At best, Keliber could use market
derivatives to cover itself of these risks.
· Higher than expected investment costs.
Ø It will prolong the payback time of the lithium project.
Ø The risk can be mitigated by using experienced project personnel. Major cost items
have to be carefully engineered and enquiried to avoid cost overruns.
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RECOMMENDATIONS AND FUTURE WORK
All the economic figures support clearly the continuation of the lithium project to the bankable
feasibility study stage. The basis of the bankable feasibility study (BFS) should be the increased
capacity –scenario (ca. 400 000 t/a ore and producing ca. 9 000 t/a lithium carbonate). BFS is
expected to forecast more precisely the economic viability of the lithium project.
The more precise data is needed for BFS in several areas: 1) mineral resources, ore reserves and
mining, 2) process testing, 3) infrastructure, 4) markets, 5) environmental aspects, and 6)
economic data. The improved data would ease the selection of the best solutions to the lithium
project.

26.1

Geology and Mineral Resources
To cover all the deposits and complete in this report existing deposits the following studies are
recommended:
· All the lithium pegmatite deposits should be covered with indicated resources, including
Leviäkangas and Emmes. Both deposits need further drilling to confirm and increase
resources and environmental and other tests. However, the both deposits will be active first
after the over ten years of production time. At this stage, it is recommended only to update
the existing data to complete Keliber’s resource base.
· A drilling programme for the Rapasaari deposit is recommended to be activated. This would
both increase the existing resources and enable preparing the final open pit optimizations
and mine planning procedures for the deposit.
· A mineralogical study about the critical minerals and their differences in and between the
three deposits (Syväjärvi, Länttä and Rapasaari) is recommended to carry out. This should
include at least spodumene, colombite-tantalite, beryl, apatite and sulphide minerals. This
should be done in co-operation with metallurgical testing.
· The Rapasaari deposit is partly weathered vertically down to a depth of 20-30 m. Thus, it is
recommended to test mineralogical and metallurgical properties of these surface layers of
pegmatite to remove or decrease possible risks in processing. Bulk sampling of the surface
pegmatite is quite easy and inexpensive.

26.2

Mining and Ore Reserves
More detailed planning for mining is recommended to ensure continuous ore production for
Kalavesi plant. Recommendations include:
· Detailed open pit slope angles for all the walls in all the deposits to optimise the open pit
utilizing existing geotechnical data and further studies.
· Bench heights and ore-waste stope dimensions with preliminary drilling and blasting
planning for all the deposits to optimize production and costs. This would influence also to
the open pit planning and will give better estimates of the ore recovery and dilution figures.
· Sorting tests and cost-efficiency estimations to separate smaller waste rock and hopefully
also barren pegmatite pieces in ore.
· Plans of pumping of inflowing water from the pits and confirming this with reserve systems
to ensure continuous mining in the pits. The other possible mining breaks must be
minimized.
· Planning of necessary ore dump sizes considering possible mining breaks and ore class
quality requirements.
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26.3

Process Tests
It is recommended to supplement the earlier process test programs. The test subjects would be:
· The Li2O recovery was from 2.0 % up to 3.5 % higher by combined dense media separation
and flotation than direct flotation. Therefore, it is recommended that in the feasibility phase
flowsheet should be optimized more carefully. The latest preflotation results with Syväjärvi
ore showed effective P2O5 and Ca removal from the final concentrate. This is supporting
the possibility that combined DMS and flotation could be realistic production process for the
lithium project.
· GTK Mintec recommends in their report on 2015 to run a pilot test for optimising the flotation
circuit operation. The tests would confirm residence times, pulp densities and chemical
regime. Selected process for the concentrator includes flotation for the spodumene
recovery. Therefore, additional tests would lower the technical risk of the project.
· Tantalum and niobium recovery testing. It is recommended that gravity concentration of
tantalum and niobium would be included to process tests of the bankable feasibility study.
· Outotec presented on their latest test report that Li yield in the pressure leach could have
potential to increase by decreasing the grain size of the spodumene concentrate feed. The
phenomenon is recommended to be tested in more details.
Following changes in the spodumene concentrator process should be considered:
· The process water circulation of the concentrator should be optimised for desliming overflow
streams and flotation tailings.
· Desliming overflow streams should be able to settle properly in the thickener to have higher
solid % in the tailing stream. The process water will return earlier to the process. Polishing
filtration could be considered if the settling rates of the steams are too slow indicating that a
large diameter thickener would be required.
· Grinding mill type (ball mill or rod mill) should be considered carefully for minimising the
slimes production in the grinding circuit. A rod mill would produce narrower size distribution
in the closed circuit and less slimes than a ball mill. Remembering that the biggest lithium
losses are in the desliming at the concentrator, this issue might have an impact on the
overall lithium carbonate production.
· The potential to sell the flotation tailings as a raw material to construction industry is
expected to be studied. An additional filtration unit is worth considering to simplify deliveries.
· The overall optimisation of the tailings should be carried out after the market studies of the
tailing fractions. Now, there are uncertainties of the products and their markets.
In addition to process tests, following modelling and engineering are recommended:
· Optimising the crushed ore silo dimensions and belt feeder for successful operations in all
conditions.
· More detailed mass and water balance model should be developed including the
spodumene concentrator and lithium carbonate production plant. The mass and water
balance model should include site water system and tailing ponds. Water balance modelling
is needed for optimising the water treatment plant and water streams in the lithium
carbonate production.
· Synchronising the production of the spodumene concentrator and the lithium carbonate
production plant in more detail.
· Updating the piping and instrumentation diagrams.
· Some chemicals in the production plant, like sulphuric acid and caustic soda, are used in
separate processes. There could be benefits gained from combining the handling of such
chemicals.
· Water treatment studies should be complemented and actual water samples examined.
Also preliminary evaluation of the final effluent water quality is expected to be carried out. It
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is obvious that it will take some time to have full water circulation going on. During the rampup period, there is no need to lead effluent waters to Iso Kalavesi.
Following ideas and production concepts should kept in mind:
· Processing of third parties’ spodumene concentrates in Kalavesi site. It might require larger
investments.
· Recovering the spodumene from the desliming overflow streams should be studied.
Outcome of the study might include changes to production process or production
philosophy.

26.4

Infrastructure
Site layout is expected to be updated to match the new engineering decisions. It is recommended
to carry out ground surveying and surface modelling for the production plant area. A lidar map
would facilitate infrastructure engineering.
The till quality should be studied for the construction of the tailing dams and for the rehabilitation
work. The knowledge of the ground conditions are important for construction and earthwork.

26.5

Market Studies
As mentioned before, there are no comprehensive market study for all the planned by-products. It
is recommended that the market studies are executed for the analcime (leach residue), columbite
gravity concentrate (tantalum over 15%), flotation tailings and prefloat waste to complete proper
economic evaluation for these possible by-products.

26.6

Environmental Studies, Permitting and Social Impact
To complete the EIA and environmental permitting for the lithium carbonate production:
· To complete the EIA process for the mine sites (Länttä, Syväjärvi, Outovesi, Leviäkangas
and Rapasaari) during year 2016.
· To prepare an environmental permit application for Kalavesi, Syväjärvi and Länttä sites. The
target is to submit the applications before the year end 2016.
To complete comprehensive water balance:
· A study to estimate the run-off water catchment areas for Kalavesi production site including
the production site area and surroundings
· Annual climate data and test results to estimate the water retained into solids at the flotation
tailing and deslimes pond
Tailing characterisation is needed to complete tailing storage facilities design and environmental
permitting. At least the standard solubility tests are recommended for leaching properties and
determining the potential acid drainage:
· 2-stage shaking tests SFS-EN-12457-3
· Colon test for long term characteristics CEN/TS 14405
· Neutralisation/ acid ration determination (NPR)
To continue the work to improve the social acceptance to operate in the region. The actions will
include:
· Continuing the protection of golden eagle and moor frog.
· Continuing the open informing and dialogue about the project and its proceeding, especially
the issues concerning the environmental permitting and the EIA process.
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26.7

Main Recommendations
The main recommendation is clear: Keliber lithium project, with current assumptions and
knowledge, is profitable and ready to advance to the bankable feasibility study phase. The
bankable feasibility study (BFS) should be based on the increased capacity –scenario (ca. 400 000
t/a ore and producing ca. 9 000 t/a lithium carbonate).
In order to ensure the successful lithium project, there are some actions to make in BFS: 1) study
possibilities to increase sales, 2) search possibilities to reduce capital and operative expenditures,
and 3) verify designs and costs to provide more reliable forecast for the lithium project.
Sales-Related Recommendations
There are three main ways to increase sales: 1) discovering more ore which could be processed
in the plant (the more operative years, the more sales during the life cycle of the plant), 2) improving
the process to recover bigger quantities of established products, and 3) develop the process in
order to manufacture new products.
The current economic calculations do consider only lithium carbonate, analcime and columbite to
provide earnings. There are some potential ways to improve sales with these products:
· Improved gravity concentration would increase recovery of columbite (for tantalum, Ta2O5).
It might provide up to 125 M€ more revenues over the life cycle of the lithium project with
ca. 2-3 M€ additional capital expenditure and minor increase in operating costs.
· Dense media separation (DMS) is expected to increase sales 40 M€ by the increasing Li2O
recovery in the spodumene concentrator process. DMS was abandoned in the pre-feasibility
study –phase due to the higher impurity content in the concentrate and more complex
process. The possibility is worth rechecking.
There are also some other possible sales articles that could be produced and commercialized in
the lithium project. The ore and the planned production process enable some interesting
possibilities:
· Quartz-feldspar –fraction is produced and it could utilized in building material industry as a
raw material. There is another advantage in selling the quartz-feldspar –fraction: all the
material Keliber is able to sell away, decreases the need of tailings capacity (in the basic
scenario all the quartz-feldspar –material is pumped to tailings facilities).
· New lithium based products, lithium battery chemicals, could provide more earnings from
the same ore. Keliber is actively studying possibilities to produce higher value lithium
products.
Reducing CAPEX-Related Recommendations
There are some possibilities to reduce capital expenditures:
· Combining the engineering and infrastructure of Syväjärvi and Rapasaari pits.
· Access roads constructed using combined Syväjärvi-Rapasaari mining area.
· Designing the tailings facilities for full operative period of the production plant.
Reducing OPEX-Related Recommendations
There are also some possibilities to reduce operating expenditures, namely:
· Increasing automation in the production plant could provide smaller need of man power.
· Using surplus heat to warm ore storage, timber harvesting waste storage, wood chip storage
and by-product storages to the extent it is possible.
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Data-Related Recommendations
It is recommendable to pursuit more accurate data to enable more precise economic calculations,
and finally, to produce a reliable bankable feasibility study (BFS). The recommended data-related
tasks:
· Process tests to gain more information of the process, necessary equipment, energy and
chemical consumptions, and product grades and quantities.
· Basic engineering to verify the design. The basic engineering should comprise at least:
- Kalavesi site layout update
- Production process design and layout update
- Pipe and cable routes and preliminary piping, cabling and instrumentation diagrams
- Preliminary 3D –model of the plant
- Ground surveying and surface modelling of the production plant and the tailing storage area
· Budget tenders for main equipment and other major capital expenditures plus major
operative costs to ensure the price levels.
· Master schedule of the lithium project.
· Market studies for the by-products: analcime (leach residue), columbite and flotation tailings
(as raw material of building material industry).The results will affect process design and the
need of the tailing storage facilities.
· What-if calculations are made for the cases where are more than one competitive
possibilities to implement, such as:
- Underground mining or open pit mining?
- Rented facilities in mining sites or Keliber’s own facilities?
- Use of surplus heat for additional heating purposes?
- CHP plant capacity and most economic fuel?
- Outsourced or proprietary CHP plant?
Scheduled-Related Recommendation
With current assumptions, scheduling mining operations of Rapasaari before Länttä would make
the lithium project more profitable. The ore of Rapasaari is richer and the changed timing of the
earnings would make the project more lucrative.
Outotec Admonition
Keliber’s technological partner in the pre-feasibility study has made a remark of the process
development. They see that the used grade (4.5 %) of the spodumene concentrate, is most likely
unjustifiedly high. They propose that the lower grade of the spodumene concentrate decreases
the lithium losses in concentrating without any process technological advantages in leaching.
In the opinion of Outotec, the only disadvantage of the lower spodumene concentrate grade is the
increase of mass flow in leaching. It results in larger, more efficient equipment in leaching indicating
greater investment costs in leaching.
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