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SRK Services

*Multi Disciplinary Services Exploration

*Mining Geology & Resources Estimation
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*Mineral Reserves & Ore Reserves Reporting
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*Geotechnical Engineering

*Mining Engineering

*Mineral & Metallurgy Processing
*Hydrogeology, Water Management
*Tailings & Waste Management
*Geochemistry

*Environmental & Social Impact Assessment

*Mining Economic

*Business Development
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SRK Oil Shale Experience

*Estonia- Resource and Reserves

°Jordan — Exploration and assistance
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with project development

Vv

*Brazil - Benchmarking the Mining
Operation
*Belorussia —Mineral Expert Report

*USA, Utah- Resource Estimation
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How does a “Resource” become a “Reserve”?

* Reserves can be taken only
from Measured or Indicated
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Resources Exploration Results
*  Company strategic p|an and Mineral Resources Ore Reserves
# Life of Mine Plans (LoMP) form mferred
the basis for Reserves Estimate ncrssing evel }";d_i;t;:_""""""";Fjr;b;;:’l
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- To be demonstrated as ittt PO |
. . I Measured# = Proved I
economically viable after the - |
application ~ of  “modifying l e, et ol o Specwic] s &
” . . e (118 “OfYINE FEI0M")  c—
factors (i.e. Discounted

cashflow model)

* Need to define the basis of the
Reserve estimate:

v Run-of-mine
v" Saleable product
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Modifying Factors

Resources are representative
of the in-situ oil shale

In-situ oil shale is converted to
a saleable product by the
mining and  beneficiation
process

The considerations that are
applied to the design and
operational planning are called
“Modifying Factors”

These include:

v Mining

v" Beneficiation/Processing
v Economic

v Marketing

v Legal

v Environmental

v" Social and Governmental

Ore Body Model

Short-term Schedule

Resources
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Oil Shale Reserve Estimation

* Marketing factors:
v What is the saleable product
v" Availability of market for the product
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v Does market capacity affect production
rate?
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* Legal factors:

v Mining legislation

v Other land users (native title, etc.)
* Social and Environmental factors:

v May restrict mine or infrastructure
footprint

v’ Stakeholder engagement/ESIA
* Governmental factors:

erved.

v Licensing and permitting

v Government energy policy
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Oil Shale Reserve Estimation

*  Mining factors:

v
v
v
v

v

Dilution, mining losses and
extraction ratios

Grade adjustment factors
Geotechnical and hydrogeological

Minimum mining width,
interbedded waste, mineralised
thickness, stripping ratio

Grade/stratigraphic continuity

*  Cut-off grade:

v

v

What is being sold and for how
much?

How does the selling price relate
to the oil content/calorific value
of the in-situ Resources?

Cut-off grade application must
consider minimum mining
thickness and diluted grade

Complicated by Internal Transfer
Pricing on a ‘cost plus’ basis

Leyers
Index
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Beneficiation/processing factors:

v

AN
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Oil Shale Reserve Estimation

Bulk sample and sizing selection for
plant design:

o representative of planned
plant feed, grade variability

Product recoveries

Material hardness (Bond work
index)

Bulk density

Presence and distribution of
deleterious elements (sulphur, etc.)

Sales specifications

Plant capacity versus production
rate

Stockpiling requirements/capacity
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Oil Shale Reserve Estimation

* Economic factors:
v Cut-off grade
v" Variation in selling price over time
v Operating costs
V' Capital costs
v Production rate
* Technical-economic model

v" Links production schedule to costs
and revenues

v" Should use realistic, long-term
price

v Used to demonstrate economic
viability

v Traditionally uses discounted cash
flow methods (NPV, IRR, etc.)

v Sensitivity analysis on inputs
should be understood
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Oil Shale Project Reserve Estimation Sequence

Exploration, data collection and
geological interpretation

Construction of Resource model
(estimation and classification)

Project planning

NN N NN

v

Mining method selection
Optimisation
Mine/beneficiation plant design
Production scheduling

Estimation of operating and
capital costs

Integration of modifying factors

Economic modelling and sensitivity

Reporting
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Mining Method Selection

*  Physical Characteristics:
Deposit depth and geometry
v Grade (or quality) distribution

v" Geotechnical characteristics

srk consulting
<

v Hydrogeology

Production Characteristics:

Vv

v Production rate requirements

v Grade/quality of feed

v/ Maximising Resource recovery
*  Environmental Factors:

V" Surface subsidence

v Waste production

v" Skills of existing workforce

*  Economic Factors:

v Operating costs

v Capital costs for establishment
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Open Pit Mining

Optimisation of mining depth and
footprint

Optimal depth for open cast, pit, cut,
trench

Losses-Environmental  pillars, Karstic
zones

Overburden

v Drill&Blast
v Stripping

Qil Shale

v Bulk mining
v Selective mining
v Strip mining
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Oil shale mining methods choice
Underground mining

Room&Pillar mining
v Losses in pillars
v Losses in karst
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Oil shale mining methods choice
Underground mining

*  Longwall (Plow, Shearer) mining
v Looses resulting from deceleration

v Looses connected to lower cutting
depth
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Oil shale mining methods choice
Unconventional mining

1. In-Situ
v" Minimum depth >100m
v" Minimum thickness ~ 30m
2. Ex-situ
v Material size
v Operation dimensions

== srk consulting

© SRK Consulting (UK) Ltd 2013. All rights reserved.




srk consulting

==

© SRK Consulting (UK) Ltd 2013. All rights reserved.

Oil Shale Grade-Tonnage Curve

Optimal cut-off grades can be
determined at each stage of
the mining operation when
capacity related factors are
incorporated in to the
calculation

*  Payability = Qil shale sent
to processing/ Total rock
mined

* Average grade above cut-
off = Total oil yield/Total
tonnes processed

Payability

Oil Shale Grade-Tonnage Curve
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NB! This graph is just an example on the specific case of underground
mine. Please do not use it in your estimations!




Conclusion
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These considerations facilitate the appropriate decisions for the
development of methods suitable for oil shale Reserve Estimation
and can aid the development of un-conventional mining methods
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COPYRIGHT AND DISCLAIMER

Copyright (and any other applicable intellectual property rights) in this document and any accompanying data or
models is reserved by SRK Consulting (UK) Limited ("SRK") and is protected by international copyright and other laws.

This document may not be utilised or relied upon for any purpose other than that for which it is stated within and SRK
shall not be liable for any loss or damage caused by such use or reliance. In the event that the recipient of this
document wishes to use the content of this document in support of any purpose beyond or outside that which it is
expressly stated or for the raising of any finance from a third party where the document is not being utilised in its full
form for this purpose, the recipient shall, prior to such use, present a draft of any report or document produced by it that
may incorporate any of the content of this document to SRK for review so that SRK may ensure that this is presented
in a manner which accurately and reasonably reflects any results or conclusions produced by SRK.

The use of this document is strictly subject to terms licensed by SRK to its client as the recipient of this document and
unless otherwise agreed by SRK, this does not grant rights to any third party. This document shall only be distributed
to any third party in full as provided by SRK and may not be reproduced or circulated in the public domain (in whole or
in part) or in any edited, abridged or otherwise amended form unless expressly agreed in writing by SRK. In the event
that this document is disclosed or distributed to any third party, no such third party shall be entitled to place reliance
upon any information, warranties or representations which may be contained within this document and the recipient of
this document shall indemnify SRK against all and any claims, losses and costs which may be incurred by SRK
relating to such third parties.
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