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Abstract
The major difficulty, associated with iron ore mining is the capacity planning
problem, which arisesdm the fact that one can never know the total amount of ore,
lying beneath the ground, with certainty. Geological predictions can give an estimate of
t hat amount, but there is always a certain e

error and defrmine how it affects mining companies financially.
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Chapter 1
Introduction

Kazakhstan is a former Soviet republic, which obtained its independence in the
year of1 9 9 0 . It I's |l ocated on the southern bor
economy is heavily dependent on the mining and export of various mineraie thie
supplies are richlron ore in particular, plays a major role in the industry. Russia is the
main buyer of iron concentrate, and for the majority of Russian buyers, Kazakh iron is a
viable alternative to iron from India (which is also a major iron exporter), because
Kazakhstan is closer to Russia both geographically and politically. A great naibe
mining and processing sites exists throughout the country.

The laws of Kazakhstan are such, that no individual or company mayhevwore,
since all mineralecoursedelong to the state. Instead a mining compeeny obtain the
right to mine fom the site and for that receive a portion of sales revenue from the
government. Although these portions are usually not very large and the return on the
capital employed is lower than in other industries, the huge volumes of production make
mining business verprofitable, when it comes to absolute numbers.

Gornoe Buro (Mining Bureau) Company is in the business of consutiitige
largescale oramining and oreprocessing firms. It employs a number of experts in the
fields of geology, logistics, mining, finaa and others. After the collapse of the Soviet
Union and the Soviet education system with it, it is extremely hard to find qualified
experts in the field as complex as mining, i

demand.

1Zyabki n, Al exander ( Mi n iMaigtopR:uintredactiod o priddipiee f Geol og
mining.20-July-2007. Almaty, Kazakhstan. In person.
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The company uses a widariety of methods to determine the risks and possible
outcomes of the mining projects. However since most of the experts were schdbked in
Soviet system, there is a notion that the company is being a bit more conservative in its
judgments than it nesdo bé. Secondly, despite the fact thattheqpa ny 6 s geol ogi c
expertise i9f the highest level, the management believes that there is a lot of room for
improvement in the area of financial analysis. Currently there is a tendency to boil the
analysisr esul ts down to means and averages, and
by the management, since such analysis temdmit alot of important information. The
company also seeks to improve the quality of analysis, by the use of modern Industrial
Engineering techniques and methods, as well as the use of some kind of d®eaiking,
risk-calculating software.

There are two major planning decisions with respect to investing in a potential
mining site The first is which survey test to employ inmestit i ng t he sitebds to
There are three different tests, varying in cost and accuracy, with more accurate test being
more expensive and vieersa. The first goal of this project is to asses the economics of
information and determine whether thatelligence gained from using the more
expensive test wildl provide a higher profit
allow to us to see, which test is best to utilize.

The secondplanning decision isoncerned with the promise to providecertain
amount of processed ore annually, which the producer gives to the government. The
promise of higher amounts is potentially more profitable, but it also increases the

probability of a stockout, in which case the producer is subject to certaitiigefiam

’Yugai, Vladimir (Miamninng oPu re a-teri srp@gf R }espect toriskg,
associated with mining project®85-Dec2007. Almaty, Kazakhan. In person
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the government, not to mention wasted capacity, which adds an extra cost to the producer,
damaging the profitability. Promising more annual output is perceived as more aggressive
strategy, while promising less is said to be conservative. Thigpg ct 6 s go al i's to
financial outcomes of different strategies, in order to find out, which provides a more
desirable outcome.

The measure, on which those two decisionseasduateds the Return On Capital
Employed (ROCE which is a variation bthe Net Present Worth The ROCE is
measured in percent, and it primarily assesses the efficiency of business venture. More
information is available in Chapter 5. However, since in the beginning of the mining
project we only have an estimate of the®Gite t ot al deposits, the act
the site is going to be a random variable. Thus, through the inheritance feature, know to
us from statistics, the ROCE, as a function of that variable is also going to be random.
Both mean value and the natwfedistribution is important, when looking at it, as there
exists a measure knownwhisch hies fitdloevnp uao ma byii ls ik
certain performance criteria. Each mining company has its own policy regarding that,
with some willing totolerate a higher downturn risk than others. Thereforailtiraate
goal of this project is to find out which combination of survey test and mining
strategy will give the highest mean value of ROCE, given the appropriate level of
downturn risk .

The method by which this will be carried out includermalization of data,

statistical regressiofiitting the data to an appropriate distribution model and interactive

]Yugai, Vladimir (Miamninng oBu re aterisrpi@f 9 espect toriskg,
associated with mining project85-Dec-2007. Almaty, Kazakhstan. In person

* Aquiliano, Nicholas & Chase, Richard & Jacobs, Robert. (2@g@rating Management for Competitive
AdvantageBoston, MA. McGrawHill/Irvin Inc



simulation, using Excel and @RISK programs. The goal is to have a clear answer,

supported by th quantifiable information.
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Project M ethods andStructure

Chapter 2 describgbe mining industry in Kazakhstan. However, since this topic

is very broad, this report will cover only the relevant aspects of it. The basics of ore
mining will be presented, and the mining terminology will be described. A special
attention will be given to the ore grading system, under which the sites are placed in
di fferent categories, based on how much i s
typical mining conditions and methods of turning ore into concentrate will be described.
Data wasgathered in the summer of 2007, and it will be crucial to decide what
information is important and which is irrelevant. A list of 2100 different ore sights is
currently aailable, and a brief description of it will be made. Last, but not least, a brief
description of legal procedures will be presented

Chapter 3 gives a more clear and explicit definition of the optimization problem,
which | am attempting to se# in this project. It describes the various aspects of it, such
as economies of scalpenalties for failure anfdinction of extraction costdaking amore
preciselook at the meaning of suchwordlsc onser vati ve tacticso and
describing what eactly is meant by them in this project.

Chapter 4explains how the raw data available to me was analyzed and made to
serve the projectods goal s which wereceinceuateresde s t he
when | entertained the possibilities of usingi®as analysis methods. It tells how an
analytical compromise was worked out in order to keep both quantity and quality of
useful information at their optimum level. It takes the user step by step through this

method and displays the found results
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Chapters talks about various technical, financial and legal aspects, which needed
to be taken into account in order to make the simulation tool. The integration of these
factors into the simulation brought it closer to the real world, enhancing the quality of
amalysis. It is also importantto givereadeo t i ons, of what tihe #fArul e
Kazakhst anos andserves asa leackgrodddihe mext ghapter.

Chapter 6 gives a description of the actual simulation tool thatcreased as a
part of this project and explains how it works. It describers what inputs are required from
the user and what kind of outputs should be expected. It also shows the inner workings of
the program, explaining the underlying processes to the reader.

Chapter 7discusses the results obtained from the simulations, while using trial
data from the real world. It answers the two major optimization questset in the
earlier chapters. It also discusses why the simulation results casullject to
interpretatiorandsupport different statements abdoe current company policies.

Chapter 8 provides a conclusion to the project, evaluating the key findings and
discussing the suggestions, which were made in the light of the newly available
information. It will also disass the limitations of the project and how desigrncould be
improved. It gives a few suggestions of future studies in this field, showing where this

problem can be taken from now on.

-12-



Chapter 2
Background

The basics of the mining business

Before mning can start on a site, a long and complex study has to be done on it.
A combination of various geological activities is performed to determine various
characteristics of the iron ore mass, including its amount, its quality and the technical
details, cacerning the possible difficulties in mining. It is important to know how deep
the ore lies in the ground, and how solid or distributed the ore body is, in order to choose
the appropriate method of exploitation, which may be either open orcsteited.It is
also important to know what surrounds the ore, to estimate the needed technological
capacity, which machines and how much manpower to use. Also it is very important to
know in which form the iron ore lays in the ground. There are two main typesnabrie
in Kazakhstan, magneti{€e304) and hematite (Fe203). The tiypes require different
chemical and physical procedures in order to turn ore into the iron concentrate, and the
inevitable losses of iron, which happen in these processes, are diffeneat?®

The main principle of the geological work on the site is the gradual lessening of
the scale of search. It starts on a very broad level and slowly foquites specific area,
going from Aprovinceo to 0 aaskeaandlatertoehe t o
specific body of ore in the site.

Currently in Kazakhstan the broader scale geological searches are finished. In the

times of the Soviet Union, the geological

performedinascaef 1: 160006000, then 1:2006000,

St
—

S |

he

®Zyabkin, Alexander ( Mi nMaingopi& introduatiordtesprir€iplés eniningGe ol ogi st )

20-July-2007. Almaty, Kazakhstan. In person
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ore Aprovinceso, Aareaso and Afieldso are al
to be conducted, is a geological search of
mainly with finding prospective sites, which can be mined. However, in Kazakhstan this
is the business of the governmemployed companies. After the prospective sites are
found, the privatelowned mining companies can start looking at theisee if they feel
if any of the offered sites look suitable. When more than one company wishes to obtain
the rights to mine, a bidding process is held, and the government decides on which
company is fit to get the mining rights. This decision is made, based on the canpanie
capacity (size, manpower) and its access to various technologies.ifihg oompanies
often want to da more thorough geological study on the site, due to their own financial
interests.

A study is divided into two parts, the preliminary investigatiovhich is
conducted before the mining starts, and the exploratory investigation, which is conducted
alongside the actual mining. The former s
the site should be mined or not. Should the winner of the bidneéettie government
contract after the preliminary search, the next ruupeis offered the same. At this point
it is not uncommon for the two to exchange the information (often for a price).

The exploratory investigation is useful, because it often fevegortant details
about the nature of the ore, which cannot be gained in the courserefiminary
investigation in anytherway. Depending on the results of the exploratory investigation,
the mining can be prolonged, altered of even halted, ifitbarostances so dictate.(.

if is the ore turns out to be not as rich as originally tholfght).

6 Gordon, Demitri. (2004)Modern methods of extraction of natural recourdearis, France. The Mining
School of Paris, Natural Recourse Center, Division of-@Gechanics and Extraction
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The basics of preliminary geological investigation

There arehree main groups of geological investigation proceduyesiogical
study, geochemical study agdophysical experiments. Together, those methods can give
an estimate of the nature of the ore Site.

Geophysical method3are based on the fact that due to different structure of the
elements, various components of the earth have different physicalrpespThe method
is concerned with the natural physical fields that ore emits, such as gravitational,
magnetic, electric, radioactive and electromagnetic. Other important properties, which
can help are changes in heat absorption patterns of the eartheaddference in the
patterns of the natural seismologic movements. The standard procedures for dealing with
those physical phenomena are:

1 Magnetemetric and electronetric measurement methods study the magnetic
fields of the region. Almost all of thean ore in Kazakhstan has magnetic
properties, so the presence of them in area can be determined by certain magnetic
patterns, which often classify as a natural anomaly. Also, sometimes, the-human
produced electric waves are sent thought the gramdl basé on their they
return back (Abounce backo), a geol ogi st

1 Gravitational methods study the gravitational properties of the earth. This method
is very complex and the patterns are usually very subtle, uneasy to detect. It i
often applied for the nemagnetic iron ores, so as a result of this, isetdom

used in Kazakhstan.

" Gordon, Demitri. (2004)Modern methods of extraction of natural recoursearis, France. ThMining
School of Paris, Natural Recourse Center, Division of-@echanics and Extraction

8 Ushakoff, Nikolai. (2007)Science Project Report: Complex methods of evaluation of ore quantity in a
mining site UstKamenogorsk. Ministry of Industry and TradERepublic of Kazakhstan
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1 Seismologic search is based on the fact that iron ore responds to the natural
seismological impact differently than other elements of the earth. Tteenzsaof
the seismological oscillations are studied and the conclusions about the structure
of the ore body (whether ore lies in bulk pieces or is scattered in the sandy ground)
can be drawn from them.
Geochemical method$are based on the fact that hetareas, where iron ore lies,
certain chemical elements are more common than others. This is deeply rooted with the
geol ogi cal t heory of t he mi grati on of t he
According to the theory, some elements other than irarbeafound around it in greater
guantities than usual. These elements and compounds involving them are called
Aindi cator so. Geochemical search is concern
searching and exploring them in the earth, in water,arafand even in animals. The
geochemical methods are divided into four main groups:
1 Litho-chemical search investigates the elements of ore and indicator elements in
the crust of the earth. It is primarily concerned with the presence or absence of
certain ompounds, such as various metallic salts.
1 Hydro-chemical search is similar to the litesbemical, but is concerned with the
search and study of the ei@ming elements and indicator elements in water
bodies around the supposed ore sites. Again, high wr lévels of certain

chemical elements might tell geologists something about the nature of the ore.

® Ushakoff, Nikolai. (2007)Science Project Report: Complex methods of evaluation of ore quantity in a
mining site UstKamenogorsk. Ministry of Industry and Trade of Republic of Kazakhstan
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1 Biochemical search is focused on the study of living organisms in thei area
primarily plants and animals. Abnormally high levels of iron and other elements
in the organisms can tell a lot about the nature of the ore too.
1 Atmospheric geochemical methods study the air in the area of the ore site.
Geological methods of search and exploratidfiare often more analytical work,
instead of the chemical and physieadperiments. It is based primarily on the historic
data and scientific assumptions. Those methods include:
1 Analysis of the present geologic, geomorphologic, tectonic and other maps of the
area, and comments to those maps, made by the geologists oftflengasearch
for certain geologic pattern, which may i
T Met al ogenic maps indicate the geol ogistod:
and are made with regard to historic data and are not certain.
1 The method of ed#n drilling where ore samples are extracted and studied
statistically for their properties, which enables experts to find out about the iron
ore characteristics, concerning its quality.
After all the data from geological, geophysical and geochemical reisea put
together and analyzed, the geologists make their final prediction about the ore site. The
prediction maps are drawn and quotes are given. The company must then decide on

whether it wants to invest in the site or not.

10 Ushakoff, Nikolai. (2007)Science Boject Report: Complex methods of evaluation of ore quantity in a
mining site UstKamenogorsk. Ministry of Industry and Trade of Republic of Kazakhstan
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Three types odlrilling test:

Drilling and extraction of samples is the most important part of the preliminary
researcH? Drilling allows making accurate estimates of ore quality and also predicts the
amount of ore in the ground, t hr dowgih a proc
different places, to different depths and extract samples, which allow seeing where in
earthdés crust ore | ays and where there I s nc

to determine the fAborder 0 s gatsadvickrelsea pl aces

Fig#11 Contouring

and where it doesn't

0 o 0O 0O .3 N o Y o I o I o
Drills extract samples Blue dots indicate the
from differnt depths, places, where the ore
which allows to see mass changes into
where the ore liese dirt and vice-versa.

y Based on this, it is
possible to "contour”
the ore body.

Based on the acquired contours, it is possible to estimate the total amount of ore in the

site.

" Gordon, Demitri. (2004Modern methods of extraction of natural recoursearis, France. The Mining
School of Paris, Natural Recourse Center, Division of-@Gechanics and Extraction
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The cost of the drilling operation depends on how many drills are used, how much
time it takes to do the drillppand how many samples must be extracted per one location.
Therefore the drilling tests are divided into thrededént categories: C1, B and A.
Inthe At est the distribution of drilling | ocat
net o i s ,whderiryGtabtatnsgather loose. This means thateat will require
either more drills or more time to be conducted. Therefore ttesiis most accurate, but

costs the greatest amount of money among all tests. C1 test is the cheapest and least

accuate and Best is averageost, average accuracy.

Fig#21 Dril ling Net

The distribution of drilling locations on
an area of one square kilometer.

In a C1-class test the drills are
deployed to cover the 10 by 10 net per
square kilometer, which means that
they are located within 100 meters from
each other. In A-test the net is much
tighter, with drills situated as close as
10 meter fram each other.
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However, it is important to keep in mind that in the process of contouring, the geologists

tend to underestimate the size of the

ore body, believing that it is better to promise les

and get more than for it to happen the other way rSufdr example:

Fig#31 Prediction Bias Origins

When the data shows the
following distribution of ore
mass in the ground. .

__.the ore is typically distributed in
the form of "trousers”, however_ ..

...to be on the safe side, the geologist
predict that it is distributed in "lumps”.
This reduces the total prodiction
amount.

2zyabkin, Alexander
20-July-2007. Almaty, Kazakhstan. In person

( Mi n Maingopi8& introduatiordte prir€iplés eniningGe ol ogi st )
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This leads to a consistent bias in the estimates, which will be discussed in chapter 4.

One of the reasons

case otheBostorgai mining sité>

Fig#41 Bostorgai Case

f

or t hevatkaiztielsddly knaewno s

In year 76, following data was
gathered on the Boztorgai site.

The geologists have predicted that the
largest ore body in Kazakhstan lies
beneath the surface.

However, after a huge amount of money
was spent on establishing the largest
mining camp in the country, it turnerned
out that actual ore body is very smalll This
has caused the modern geologists to be
more conservative.

’.--“

S -

After this case, the experts becameynaareful in theijudgments

13 zyabkin, Alexander Minng Bur eauds

20-July-2007. Almaty, Kazakhstan. In person
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Chapter 3
Problem Description and Methodology

Before the mining can stadne must estimathemi ni ng si t e84 yearly
site from which only 3 million tons of ore are to be extracted annually will require a lot
less manpower and technology than the one from which output will be in the range of 8
million tons a yearSince it is never knowndw much ore really lies beneath the ground,
this estimate ishased on the geological predictiomhich is acquired througmethals
described in previous chaptérypically, the company decides to extract a certain fixed
fraction of this predicted amounteay year.

Out of all the factors, which influence this decision two most significant ones are
at conflict with each otheiThe first factor is the cost of extraction. The principle of the
economies of scale, also called the principle of diminishing malrgiost finds its
application in many industries, and nmg is notan exception The cost of mining does
not grow linearly, and each extra ton costs less to extract than its predecessor. The
maximum cost efficiency is reached at about 10 to 12 millidnrs per year, after

BN

which the cost function #Aflattens out 0

“zZyabkin, Alexander ( Mi nMaingopi& the ratare df costs; dssoeidted @th o | ogi st )
mining projects25-Dec2007.Almaty, Kazakhstan. In person
zZyabkin, Alexander ( Mi nMaingopi& the ratare & sost &ssoeidted @ o | ogi st )
mining projects25-Dec-2007. Almaty, Kazakhstan. In person
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Fig#51 CostFunction

Cost

The number of tons extracted 10-12 millions of tons

(not drawn to scale)

For this reason, the mining companies try to make the eidraciumbers as largas
possibleBy doing so, they lower the cost of the ore, thus increasing profits

The second factor is the risk mnning out of ore too soon. Apical oremining
contract with the government lasts 25 years, but can be extended. By the rules of the
contract the mining company must have a constant output; otherwise it would bz subje
to governmental fines and sanctions. There is also an intangible damage in this situation,
which is damage of the company6s reputation
find contracts in the future. The untimely liquidation of the mining §its equi pment a
becomes a financial problem. This factor requires the companies to be cautious, and not
to make extraction quotas too large.

This presents us with an optimization problem. Which factor is more significant?
Companies which favor the firdactor overthe secondand are more aggressive will
make the extraction quotas relatively highhoBewho emphasize the second factor are
more conservative.

As it was discussed in the previous chapter, there are three different tests, which

can be perfomed, in order to get the total ore amount estimate. These are A, B and C1.

-23-



AAO is the most expensive and precise &3do is the cheapest and least precise. The
company decides on which test to perfoithe questions that this gject is trying to
answerare: h a given set of circumstangeghich of the tests maximizes the profits?
Under each offte tests, what is the best estimfatethe yearly output?

In order to answer thesplestiors a simulationbased decisiommaking tool was
created. This tool iable to model the uncertainty statistically and calculate the expected
profit or loss.There arghree major steps, in which this wascomplished

1. | found a way to model the uncertainty, associated with prediction of total amount
of ore in the site. A wayo modelthe probability of overor underestimation of
deposits wa the first critical step in the creation of the tothis model will be
referred to asheerror function.

2. The cost of extraction or ore functimmasdetermined. Economies oBcaleexist,
and the nature of this function was determined.

3. Various technical aspects, associated with dre miningwere specified. This

helpedto significantly enrich the model.
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Chapter 4
Analysis of data

As it was mentioned in the previous chaptheg first step toward the creatioh o
the riskassessment tool fBxding a proper and reasonableywa estimate the prediction
uncertainty The goal of this chapter is to describe this process, and let the reader know,
where the numbers and figures coinoen.

There is aset of historical data available to ffe Due to the issues of
confidentiality the entire set cannot be revealed in this project, however, the structure of

the data can be shown in this sample:

Table #11 Data Structure

Site's name Predction | Fact Province| Terrain | Area Test

Velikhovka 95.56| 110.818| Astana | Steppe 11| C1

Si t e 6:officralenamee given to the ore site by the government agency.

Prediction the amount of ore that was predicted to be in the site before the mining started.
The number is in millions of tons of ore.

Fact the amount of ore that turned out to exist. This number comes from results of

exploratory study, described in the previous chapter. The number is in millions of tons of

ore.

1 Naimanoff, Galiula (2007)T he r egi st r y oa ére nkrng sitéslarsl centerStana.i r
Ministry of Natural Recourses of Republic of Kazakhstan
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Province:The province in whichhte site is located. Iron ore of Kazakhstan primarily
comes from four provinces: Astana, Kostanai, Aktobe and Karaganda.

Terrain: The type of terrain on the ore site. There are three main types of terrain in these
areas, which are steppes, s@mserts andhountains/hills.

Area The area of the mining site. The number is in hectares.

Test What kind of test was performed on the site, prior to mining?

There are 1070 data points. The task now is to organize and analyze the data, in order to
answer our capacifylanning problem.

The thing that interests us the most is how well the predictions match with the
facts. As we see from the one sample above, the ore deposits were in fact underestimated.
This might have made the mining company too cautious, costing theaney. So in
order to obtain the firghoint-estimator, | took the mean of the (fact/prediction) ratio, for
all data points. For these 1070 points the average ratio is 1.045. This is a good start, but
since this is only the average, | must also knowntleet ur e of this functio
distribution, in order to correctly estimate the probabilities of falling short, or being to
cautious. In the interview that | have had with the geologists of the Mining Bureau | have
verified that the mistake on theegliction of the total ore quantity is in fadistributed
normally and follows Gaussian belishaped curvé’.

So, in order to get the standard deviation of the population, I simply take the
standard deviation of all pointgwhich is 0.085) and use it d&se standard deviation
estimator With 1070 points involved, this would be a very good guélsis approach,

however, would lead to misinterpretation of data, because it would ignore the fact that

YzZyabkin, Alexander ( Mi nMaingopi& introduatiordts prir€iplés eniningGe ol ogi st )
20-July-2007. Almaty, Kazakhstan. In person
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this standard deviation most certainly depends on theirmm®y terrain, size and
geological test performed on the sitdis approach will provide a very limited amount
of useful knowledge, but would result in high precision and accuracy of calculation.

The other optionwould be to divide the data into sgbous and compute
separate mean values and standard deviations. However, it is hard to say, whether the
point should be divided into stgyoups based on size, province, test performed or terrain.
All divisions seem reasonable, so why should one be prefexedtbe other?This
approach would lead to an arbitrary decision and therefore is unreasonable

The last option would be divide the data into completely unique sets, for any
kinds of circumstances. However, since there are 4 different provinces, thifexendif
sizes, three different terrain types and three different tests, which can be performed, this
will lead to the creation of 108 stdets! This means that on average, eachsstivould
have 10 data points. However, since this is only an average grttaamheans that some
subsets will have about 15 points, while others only 2. Somesstgowil be completely
empty! This approach is opposite to the first method: is would provide a lot useful
information, butmake it impossible to compute the standdeyiation valueswith a
desired degree of accuracy and precision.

So, what to do? After much careful thought | have found a solution, which will
allow for a compromise between the quality and quantity of useful knowledge, which can
be gathered from anais of raw datawhat | want to know isow the factors, such as
the size, |l ocati on, terrain and test type i

A pr e dilmdrderamfiddthis out, | will perform a mathematical regresst8ion the

18 Chen, Mindnui & Nandram, Balgobin. (1999Applied Statistics for Engineers and Scientistsper
Saddle River, NJ. Prentiddall Inc
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uncertainty factor function. This mistake function should not be confused with the
prediction uncertainty function, which | o6ve talked about ear |
computed differently.

The Y-value of the regression will be the error of the predictp@rcernt-wise
the formula for which will be Y= absolute value of (100% *(forecasti
reality)/forecast). Thi s i s not the original (fact/ predi
earlier.This Y-valuewill be regressedgaa i nst t he fidu provipoesize,ar i abl e
terrain, and test typdn each of the categories there will be appropriate number of
variables.For example, in testing how terrain influences uncertainty, there will be three
variables: Steppe, Serdesert and Mountains.

Inside each category lynone of these variablesill be equal to onend another
will be equal to zero for one entry. For example, the mine is in Aktobe province, is
located in the steppes, has large size,andhadd @ ss test performed on

variabled® will look like this:

Fig#61A D u mmyadables

Province dummy vanables Terrain dummy vanables Research class variables Slze
Astana province? Kostanai province? Aktobe province? Karaganda province? |Steppes? Semi-deserts? Mountains?{A-class  B-class  Cl-class |Smal Medium  Large
0 0 1 of 0 0 0 l 00

Then, the regression will be performed. As it happens in regressions, each of the
variables will receive a coefficient. If a certain variable has a positive coefficient, it

means that it increases the uncertainiy] @ice versa. For example if it will turn out that

19 Chen, Minghui & Nandram, Balgobin. (199%pplied Statistics for Engineers and Scientistsper
Saddle River, NJ. Prentiddall Inc

-28-



variable ASteppesd &amad | dred ecdoderdtfdid® @ manst coofe f f
+2, it will mean that being located in steppes decreases the uncertainty by one percent,

while beinginsemdese rt s i ncreases it by two percent
also be calculated. By taking its value as a starting point and adding the appropriate

coefficient values, the final value of uncertainty can be found.

=]

The first regression was performed wi t hout i ncluding the S

originally believed that the size doesnodot pl

Fig#71 First RegressionOutput

] | B8 | c | o | E | F | 6 | H | |
1 [SUMMARY QUTPUT|
2
3 Regression Statistics
4 |Multiple R 0.580564734
_5 |R Square 0.432603623
_ 6 |Adjusted R Square 0.373410985
_ T |Standard Error 13.36834292
8 |Observations 1071
9
10 [ANOVA
1 df S8 MS F Significance F
_12 |Regression 100 6402503555 6402503555 5117957008  2.48354E-07)
13 |Residual 1063 189971.4858 178.7125925
14 |Total 1073 196373.9893
15
16 Coefficients | Standard Error t Stat P-value Lower 95% Upper 85% | Lower 95.0% | Upper 95.0%
AT |Intercept 4.090905468] 1.553513688 3.920728548  9.3935E-05  3.042603837 9139207099 3.042603837 9.139207099
18 |Astana province? -0.623996092] 1.108593772 -0.562871727 0.573640925 -2.799276702 1.551284519 -2.799276702 1.551284519
19 |Kostanai province? 0 0 65535 #NUMI 0 0 0 0
20 |Aktabe province? 0.391916978]  1.119948202  -0.349942058 0.726451504 -2.589477229 1.605643273 -2.589477229 1.805643273
_21 |Karaganda province? | -0.671131801 135275319 -0.496167229  0.619879004  -3.32556156 1.983177958 -3.32556156 1.983177958
22 |Steppes? 1430464237 1.274628136 1.122260051) 0.262005311 -1.070608689 3.931537164  -1.070608689 3.931537164
23 |Semi-deserts? 2.258749804] 1.523899139 1.482217389 0138578839 -0.731442215 5248941822 -0.731442215 5.248941822
24 |Mountains? 0 0 65535 #MUM! 0 0 0 0
25 |Aclass -0.813908418] 1.164742818 -0.698788098 048483732 -3.099364581 1.471547744 -3.099364581 1.471547744
26 |B-class 0 0 65535 #MUM! 0 0 0 0
27 |C1-class 4275649815 101420317 4. 215772484 2.70088E-05  2.285582268 6.265717362 2285582268 6.265717362

The interpretation of the results would be the following.
The intercept of ncertainty is at.09%. This is the value, which we must start

with, while performing the calculation of the uncertainty.
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Being in Astana reduces that uncertainty by approximately 0.62%. Being
Aktobe or Karaganda reduces it by 0.39% and 0,6@%pedvely and being in Kostanai
doesndt change it

If the site is in mountains, the uncertainty remains the same; however, being in
either steppes or serdeserts will increase the uncertainty by 1.43% or 2.25%.

If an A-class research has been done, thentenogy is reduced by 0.81%, if-B
class research has been done, it remains the same. However withs€Tesearch,
uncertainty grows by 4.27%.

So, as we see, the quality of research is the most important parameter, the terrain is

importantas well,andhte | ocati on (province) doesnodot pl a

Further regressions

I n order to enrich the analysi s, I have dec
The Asizeo factor is divided into three cat:

to 12 hectares) and large (more than 12 hectares). The results of the regression are:

Fig#81 Second Regression Qtput

Coefficients | Standard Error i Stat P-value Lower 95% Upper 85% | Lower 95.0% | Upper 95.0%
Intercept 4616340932  1.517140117 1227068003 1.83932E-32| 15.63940506 21.59327681 15.63940506 21.59327681
Astana province? -0.517904841 0956549447 0123260582 0901924095 -1.994848396 1.759038713 -1.994848396 1.759038713
Kostanai province? 0 0 65535 #HUM! 0 0 0 0
Aktobe province? -0.507719107  0.966003886 -0.525587023 0599284995 -2.403214184 1.38777597 -2.403214184  1.38777597
Karaganda province? | -0.455690308  1.166924134 -0.390505514 0696241169 -2.745431565 1.834050948 -2 745431565 1.834050948
Steppes? 1.394856165,  1.106123471 -0.356972956 0.721183036 -2.565294219 1.775581889 -2.565294219 1.775581889
Semi-deserts? 2733153333  1.317685455 2074207712 0.035300742| 0.147587861 5.318718805 0.147587861 5.318718805
Mountains? 0 0 65535 EMNUNMI 0 0 0 0
A-class -0.920456104  1.008073783 0.615486797 0538365282 -1.357588624 2598500832 -1.357588624 2598500832
B-class 0 0 65535 #MUNMI 0 0 0 0
Clclass 4.060438904 0893110252 1.187354979 0.235353386| -0.692024114 2812901923 -0.692024114 2512901923
Small 0 0 65535 #MNUNMI 0 0 0 0
Medium -1.768029159 0932423858 -12.62090096 4.0026E-34 -13.59763343 -9.938424891 -13.59763343 -9.938424891
Large -2.043809072  0.895141062 -19.04036112 9.2247E-70 -18.80025695 -15.28736119 -18.80025695 -15.28736119
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We can see that the results are somewhat different from the previous regression, in which

the size of the mine site was not included.

Fig#91 Coefficient Difference

Coefficients | Standard Error t Stat P-value Lower 5% Upper 95% | Lower 95.0% | Upper 95.0%
Intercept 4090905468 1.553513688 3920728548  9.3935E-05  3.042603837 9139207099 3.042603837 9.139207099
Astana province? -0.623996092 1.108593772 -0.562871727 0.573640925 -2.799276702 1.551284519 -2.799276702 1.551284519
Kostanai province? 0 0 65535 #HUM! 0 0 0 0
Aktobe province? -0.391916978]  1.119948202 -0.349942058 0726451504 -2 589477229 1.805643273 -2.589477229 1.805643273
Karaganda province? | -0.671191801 1.35275319| -0.496167229 0.619879004  -3.32556156) 1.983177958 -3.32556156 1.983177958

Steppes? 1.430464237) 1.274628136) 1.122260051 0.262005311 -1.070608689  3.931537164 -1.070608689 3.931537164
Semi-deserts? 2258749804 1.523899139 1482217383 0138578839 -0.731442215 5248941822 -0.731442215 5248941822
Mountains? 0 0 65535 #NUM! 0 0 0 0
A-class -0.813908418] 1.164742818 -0.698768098 048483732 -3.099364581 1471547744 -3.099364581 1.471547744
B-class 0 0 65535 #MNUM! 0 0 0 0
C1l-class 4275649815 1.01420317] 4.215772484  2.70088E-05  2.285582268 6.265717362 2285582268 6.265717362

However, this was expected since the introduction of the new variables can alter the

value of the Aol derodo ones. Ther e -stuars been
value, which means that the newly included factanfisiential.
Fig#101 R-squaredlmprovement
Regression Statistics Regression Statistics
Multiple R 0.580564734 Multiple R 0.630736381
R Square 0432603623 R Square 0511681106
Adjusted R Square 0.373410985| Adjusted R Square 0.431817832
Standard Error 13.36834292| Standard Error 11.53036179
Observations 1071] Observations 1071
So as the result of the regression, the data is split up into 108 differemfrauips for
each unique case. Each case has its own
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The uncertainty values in Astana province &tIr possible aicumstancesre shown in
Table #2

Table #2i Uncertainty in Astana

Province| Terrain Size Test Uncertainty (%)
Astana | Steppes Large | A 2.5290271
Astana | Steppes Large B 3.4494832
Astana | Steppes Large |C1 7.5099221
Astana | Steppes Medium| A 2.804807
Astana | Steppes Medium | B 3.7252631
Astana | Steppes Medium | C1 7.785702
Astana | Steppes Small |A 45728362
Astana | Steppes Small B 5.4932923
Astana | Steppes Small C1 9.5537312
Astana | Semidesert |Large |A 3.8673242
Astana | Semidesert |Large |B 4787784
Astana | Semidesert |Large |C1 8.8482193
Astana | Semidesert | Medium| A 4.1431042
Astana | Semidesert | Medium| B 5.0635603
Astana | Semidesert | Medium| C1 9.1239992
Astana | Semidesert | Small | A 5.9111333
Astana | Semidesert | Small B 6.8315894
Astana | Semidesert | Small C1l 10.892028
Astana | Mountains Large | A 1.1341709
Astana | Mountains Large B 2.054627
Astana | Mountains Large |C1 6.1150659
Astana | Mountains Medium| A 1.4099508
Astana | Mountains Medium| B 2.3304069
Astana | Mountains Medium| C1 6.3908458
Astana | Mountains Small |A 3.17798
Astana | Mountains Small B 4.0984361
Astana | Mountains Small C1l 8.158875

The complete set aincertainty values are available in Appendix A.
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Now, | havetofi nd a way to transfer those HAuncer
devigion values for each case. In order to do that, | must look deeper into the
mathematical properties of the regression.

The important thing to understand is that each of the coefficients (terrain
coefficients, province ¢oepreseritioeiaeeragevaluest c. ) of
only. This is so due to the way in which any regression is conducted, which is the method
of least squares. When a function is linearly regressed, the formula of the regression is
computed in such way, that the total sunsgfiares of mistakes (the difference between
what the values should be in the model, compared to what they really are) is Ainimal
Speaking graphicall when a line passes though a set of points, it should pass so, that the
sum of the distances betweer tine and each of the points is minimal. Intuitively, this

means that the line should passthroughe fAmi ddl eo of the points.

2 Chen, Minghui & Nandram, Balgobin. (199%)pplied Statistics for Engineers and Scientistpper
Saddle River, NJ. Prentiddall Inc
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Fig#11li RegressionNature

This line would be better

This means that when performing such regressions, while dealing with large
numbers, sutas 1070 points, abobalf of the data point&ould naturally be above the
line and half of them would be belowhis means that in reéife terms, half of the
points in each of the 108 uniquessite t s wi I | have a higher fUnce
presented in the tables above, and half will have it loiMeis is typical for any number,
which represents an average value.

Other important thing to remember is that we are still dealing with normal
distribution here. The ratio, which served asvafue n the regression is practically

derived from the original (fact/prediction) ratio, which means that the Gaussian
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assumption holdsSo if we want to say that half of the probability space is within certain

boundaries,ri the belishaped curve of normal dittution it will look like this:

Fig#12i1 GaussianBell-shape

+Hi-0.67

The area of 0.5 in enclosed between the po
which according to the Normal distribution tables represeft67 of a normal deviation.

This means thain order to get a specific standard deviation for each unique case, we

mu st mul tiply the AUncertaintyo value by 1.
will be used in this project for the prediction of the actual amount of ore in the mining

site, w | | be the Nor mal Di stribution with the

% Chen, Minghui & Nandram, Balgobin. (199%)pplied Statistics for Engineers and Scientistpper
Saddle River, NJPrenticeHall Inc
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ratio as the mean, and the <corresponding

standard deviation.
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Astana province
Mean value=1.03
Standard deviation:

Table #61 Standard Deviation in Astana

Standard

Province| Terrain Size Test Deviation

Astana | Steppes Large | A 0.037935404
Astana | Steppes Large B 0.051742248§
Astana | Steppes Large |C1 0.112648831]
Astana | Steppes Medium| A 0.04207205
Astana | Steppes Medium | B 0.055878944
Astana | Steppes Medium | C1 0.11678553
Astana | Steppes Small | A 0.068592547
Astana | Steppes Small B 0.082399384
Astana | Steppes Small C1 0.143305967
Astana | Semidesert |Large |A 0.058009864
Astana | Semidesert |Large |B 0.071816705
Astana | Semidesert |Large |C1 0.132723289
Astana | Semidesert | Medium| A 0.062146564
Astana | Semidesert | Medium| B 0.075953404
Astana | Semidesert | Medium| C1 0.13685998§
Astana | Semidesert | Small | A 0.088667
Astana | Semidesert | Small B 0.102473841
Astana | Semidesert | Small C1l 0.163380425
Astana | Mountains Large | A 0.017012564
Astana | Mountains Large B 0.030819405
Astana | Mountains Large |C1 0.091725989
Astana | Mountains Medium| A 0.021149267
Astana | Mountains Medium| B 0.034956104
Astana | Mountains Medium| C1 0.09586268§
Astana | Mountains Small |A 0.0476697
Astana | Mountains Small B 0.061476541
Astana | Mountains Small C1l 0.122383125

Values forthe complete set aircumstances are available in Appendix B

-37-



Chapter 5
Creation of the DecisionTool: Technicl and Financial Aspects

Before the simulatio#vased tool can be created there are a number of financial
and legal aspects, which need to be covered. These aspects must be integrated into the
decision tool , in order to make the analysis closer to reabhd thus more valuable.
This chapter discusses these aspects.

First, there is thecost of ore extraction which is a variable cosén interview
with a geologistexpeth as reveal ed that my original thot
were wrong. Alhough it is true that the pure cost of extraction of ore from the ground has
an exponential form as | have expected, it is not the cost that | should é&vealking
into account. Fomost mining companies in Kazakhstan it is a lot more profitable to sell
the ore concentrate instead of the unprocessed. diieerefore, most mining sites have
their own equipment, which turns the 3% ore into 65% concentrate. In a typical
process, due to the technical reasons about 20% of ore is lost, so in ordemi® tget af
concentrate one woul d n#®adtd ths bostwftturntig@w t ons o
ore into concentrate that | should focus on. It turns out that for various reasons, this cost
follows a function, which is almost perfectly linear. The totaist of manpower,
equipment, energy and other things used in the enrichment of ore is directly related to the

amount of ore processed.

Zzyabkin, Alexander ( Mi nMaingopi& the rextara & sost< dssoeidted @ o | ogi st )
mining projects25-Dec2007. Almaty, Kazakhstan. In person

% Kaputin, Yuri. (2007)Mining Projects Planning and Control for Engiers Al maty. Kazakhstand
Academy of Science

%4 Gordon, Demitri. (2004)Modern methods of extraction of natural recourd®ais, France. The Mining

School of Paris, Natural Recourse Center, Division of-@Gechanics and Extraction
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The first thing to remember is that economies of scale are still present. Higher
annual extraction amounts will leaddmaller cost per ton extracted and processed

Here are typical costs, depending on the anfdunt

Table #1071 Ore Extraction and ProcessingCosts

Yearly capacity

(millions of tons of raw ore to proces Final cost per ton of concentrate ir
1 40

2 39.4

3 38.5

4 38

5 37.3

6 36.5

7 36

8 354

9 34.7

10 34

11 333

12-15 325

These values are not exact of course but the numbers are very typical and it reflects the
fact that it is nearly impossible to lower the cost of concentrate after yolu 1@amillion

tons. The graph of this relationship looks like this:

% Kaputin, Yuri. (2007)Mining Projects Planning and Control for Engineers Al maty. Kazakhstano
Academy of Science
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Fig#13- Ore Extraction and ProcessingCostsGraph
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The beskquationfor this function is the linear form with formula:
Cost = ®.651 0.7*X (X=Number of tons in millions) for 1X<12
=42.5 for X>12
Currently the market price @&5% ore concentrate is approximat&20and according
to experts will be stablat for the next five year after which it will move toa lower
price2® Another important thing to mention is thetart from normal taxeslalompanies
i n Kazakhst an afxedyearyrswnythel funds &@ndowhich go to the social
development of the region.

It has also been revealed that the size ofiritiml investment, which is a fixed
cost,also folbws a linear form. However, the trend of the line is positive, meaning that
higher annual capacitieads tomore investmentsUnfortunately, it was impossible to
come up with a formula for the initial investment, due to the fact that in mining, each

case $ highly individual. However, knowing the general form helps in the creation of

X' nformation from the Met al Bull etin Research website
< http://imwww1.metalbulletin.com/mbresearch/search.asp?search=ironfre27-2007
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simulations. Foexample, if we know that a $100,0000 investment is required to réac
the yearly capacity of 10,000 tons of raw ore, it is safe assume that extractiaf
20,000,000 tons will cost $200,0000°". This will help in the formulation of strategies,
since we would only need omata point on this line to find out everything we want to
know about it.

The cost ofgeological testanust also be taken into accath Since there is little

variation of theseosts between different sites, | deal with it in terms of averages.

Table # 11i GeologicalTestsAverages

Test Type Cost per hectare
A $7106000
B $3206000
C1l $1706000
The costs must be multiplied by the s e 6s ar ea i n thteinitmlr es and

investment. By ding so, we will be able to observe whether the increase in accuracy of
prediction will result in financial improvement.

The royalties and social paymentsnust be integrated into the modelvesll. In
Kazakhstan, a special premium called Aroyal
government. In addition to that, there also exist social paymentsasuehribute to the
development of the region, tribute to the training of qualified igpsts, tribute for the

development of the capital city and oth&reese payments are calculated as a percentage

Zyabkin, Alexander ( Mi nMaingopi& the rextara & sost< dssoeidted @ o | ogi st )
mining projects25-Dec2007. Almaty, Kazakhstan. In person

2 Kaputin, Yuri. (2007)Mining Projects Planning and Control for Engineeima t y . Kazakhstanos
Academy of Science
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of the extraction costs, and ateductedefore the regular corporate taxé&gpically it is
around 10%. This value will be calculated ausbically.

The penalties for the failure must be taken into account. Since every mining
project is supposed to help the region in some way or another (e.g. creating jobs and
opportunities for local population) sudden stop of production will inevitably imore
people than thenining company itselfBy the law, such failure is penalized by the
government. Usually such penalty is a fixed sum of money and it is very specific for each
site. This makes it impossible to model it in an automated process, ssetheill have
to input this amount manually.

The time-value of moneymust also be taken into account. Minimum Attractive
Rate of Return (MARR) must be taken into account to stress the fact that one dollar spent
in first year is more valuable than one dolteceived in year five. This can also account
for inflation and interest rates. The user must be able to alter this value.

The mainmeasurement of succes$or most mining firms is the Return On
Capital Employed (ROCE).This measure is used to tracle téfficiency, with which the
money is invested, and most firms consider a mining project successful if the ROCE is at
least 10%. This value must be calculated automatically and presented to the user.

In order to evaluatdifferent mining strategies | mug first explain how those
strategies are obtained. The general formula for th{&(sredicted amount)/25, where
25 represents the number of years an average contract last, and X is the decision variable.

Larger X would mean greater annual extractiona lway each strategy assumes that we

are mining with expectat i on-/ubderastimatech e geol og
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aggressive company would make theatiable highe (i.e. >1)and the conservative firm

would make it lowefi.e. <1) The strate@s that were tested are:

Table#12- Mining Strategies

Strategy Name X
Most conservative 0.80
Very conservative 0.85
Moderately onservative 0.90
Slightly conservative 0.95
Null strategy 1.00
Slightly Aggressive 1.05
Moderately Aggressive 1.10
Very Aggressive 1.15
Most Aggressive 1.20

In the actual simulation all the strategies were tried out for each of the geological tests,
and then the results were coanpd and certain patterns deeéettCurrently, the
conventional stratedyof the Mining Burau is:

1 Always go for the Atest.

1 Use the slightly Conservative strategy.

Notation andFormulas

| will now describe the formulas by the means of which the calculations actuded.
First of all, the fixedvalues which are determined by the user, but ac¢ decision

variables are:

®Yugai, Vladimir (Miamninng oBiu rce a-terin Srpt@gf § ¥espect toriskg,
associated with mining project85-Dec2007. Almaty, Kazakhstan. In person
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Table#13i Fixed Values

Variable Name Variable Acronym| Comments
Size N/A These are all discrete variables. Th
Terrain N/A are described in the Chapter 4. TH
Province N/A determine the standard deviation
the Aerror funct
The predicted amount off PRED This variablei the prediction is wha
ore the actual amount of ore will b
simulated from.
Area of the mining site AR
The initial investmentthat| [INS This is where the investmefinction
the Null-strategy would will be calculated from.
require
Failing penalty(annual) PEN This is the amount that one woy
have to pay to the governnteevery
year if promised production is n
met.
Minimum attractive rate o] MARR This allows me to take the timalue
return of money into consideration.
Next, the decision variables
Table#141 DecisionVariables
Variable Name Variable Acronym Comments
The class of geologicdest| T This is a discrete variable.
that will be performed ol can only be A, B or C1. |
the site. affects both uncertainty ar
initial investment costs.
The extraction coefficient | X This extraction coefficien
determines the annu
extraction.

The one random variable that the model uses is the actual amount of ore in the mining
site. It is modeleds a Normal Distribution, with the mean and standard deviation derived
according to the procedure described in chapter 4. Its acronym is AAO.

Lastly, the calculated and derived variables are given in Table # 15
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Table#151 Calculated Values

Variable Name Variable Acronym| Formula

The costof test per hectare CTPH This value is derived directly fror
t he NnTesto de
Discrete variable.
A=71006000,
Cl1=1706000

The total cosof the geographical test TCT =CTPH*AR

The annual extraction under the Null- | AENS =PRED/25

strategy

Theinitial investment coefficient INIT_INVEST C | =lINS/AENS

The annual extraction amourdf ore, for a| AEA =(X*PRED)/25

given scenario

Theactualinitial investmenthat one would All =AEA* INIT_INVEST_C

have to make in order to be ableextract

that amount in a given scenario

Thetotal initial investmenbne would have TII =Al+TCT

to make in a given scenario (including {

cost of tests)

The amount ofore leftin a mining site aj OL =AAO-t*AEA

the end of year ft (

Theextraction costs per toof ore ECPT = 60.650.7*AEA/1000000 for
1<X<12
=42.5 for X>12
Only if OL>0
Otherwise =0

The annual extraction costsn y e ar | AEC(T) =ECPT*AEA
Only if OL>0
Otherwise =0

The annuatoyaltiesand social taxes year| R(T) =0.1*AEC

ATOo Only if OL>0
Otherwise =0

Thepenaltiess or f ai | ur e i|PEN() =PEN if OL<=0
=0 if OL>0

Therevenud n year ATO REV(T) =(AEA/2.5)*120
Only if OL>0
Otherwise =0

Thecashf | ow i n year ATCASH(T) s[REV(T) T R(T) T AEC(T) i
PENT)]
It is the cash flow from previou
year wi t h t he
profit/loss added to it

The Return On Capital Employed ROCE =(Sum(Cash flow)Present
Value/Future Value, MARR

year)/25)/Initial Investment
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It is important to note that ROCE istrentypical performance measure. However,
it is closely related to Net Present Value, a more conventional figure for most companies.
The basic idea behind the NPV is thfa@ money that one has todaymsre valuable that
the same amount of money next yéahe time value of money. Usually it is calculated
in terms of fractions, with he f or mul a gi ven above, namel vy
Cash Flow in Year T * (MARR)"T. For example with MARR of 10%, the value of one
dollar received in a year is 90 cenéd the value of the dollar received in two years
from now is 81 cents. This is why we say that the yearly cash flais@®untedwith
respect to MARR. The ARevenue* (P/F, MARR, h)
been recalculated from future veluo present value, with respect to MARR and the
number of years. A typical performance measure, NPV is equal to the sum of the
discounted cash flow through all years, minus the cost of the initial investment. The
ROCE, t he Mining Bumaeca méasure [isrequialeta theeaveragee r f o r
discounted cash flow divided by the initial investment. The diagram on the next page
demonstrates that, as well hew the class of a geographical test impacts the ROC

value
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Fig#147 ROCE Defined

Revenue

A~ AN AN A~ A~
Year- |0 1 2 3 . ] 25

N/ VoV N/ \/

Operating costs

\"" Initial Investment

MNPY= -Initial Investment + Sum(Revenue*(Present Value/Future Value, MARR, year)

Sum(Revenue*{Present Value/Future Value, MARR, year| /25

ROCE=
Initial Investment

Cash flow i1s a function of:

Average cash flow

nitial investrent

ROCE=

]

-Revenue
-Extraction Costs
Royalties
-Penalties

Initial investment=Cost of test+Other costs
Which, in turn are all
functions - of the
amount ore is left to
mine.

-Revenue
-Extraction Costs
-Rnyalties

Are all are equal to zero on a given
wear if the amount of ore left in the
mine is zera.

-Penlty on a given year
On the opposite side is equal to zero
if there is still some ore left and is

positive when are runs out.

Therefore,we can say that the ROCE and WP are directly dependent an the probability of
runing out of ore. When that probability is low, Cash Flow is high and vice-versa.
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My claim is that using a more expensive test lowers the probability of running

out of ore on a given year and the probability of running out of ore in general. To
il lustrate this point, | Suppbdse thdt betidve tleat a t h e
certain minirg site contains 25 million tons of iron ore and we decidaite one million
tons per year for a period of 20 years. That means that in order for us not to run out of ore,
the mining site must contain at least 20 million tons of dherefore anything hew 20
million tons will cause penalty costs

As it was explained in Chapter 4, the actual amount of ore in a site is distributed
normally with its mean approximately equal to the predicted amount. We also recall from
Chapter 4, each test has its own utaiaty associated with it. Compared tetdst, Btest
and Cttest both have their standard deviations greater by 1.38% and 7.47%. We know it
from statistics that as standard deviation of mieemal distribution increases, the bell
shaped probability grapi f | at t @mssmeamaithadthe area to left of the minimal
amount , which is needed to operate without
zoneod grows as the geol ogical test becomes

figure on the nexpage.
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Fig#151 Effect of the Test

/ A-class test

Standard deviation = sigma

B-test

Standard deviation = sigma+ 0.0138*Prediction

C1-test
Standard deviation = sigma+ 0.0747*Prediction

)

_

.

-
- -

25 million tons

20 million tons

This increase in the probability of running out of ore and thus losing revenues,
while facing penalties leads ttecrease in theashflow on year 25. On the contrary,

using a more expensive test will improve gdashflow.
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The formula for computing ROCE is a fraction, wdashflow in its numerator
and cost of initial investment in its denominator. As | have just shosing a more
expensive test increasbeth. Therefore the problem is to find out whethes tlesult of
increasing denominator and numerator is overall positive or negative.

Next, | will explain how changing the strategy from conservative to aggressive
affects the cashfloL et 6s | ook at another exampl e. Let ¢
million tons, the time period is 10 years and the test type is now fixed, and we are trying
to decide on the Xoefficient, and thus the early quotas. Suppose there are two different
options available to us: X=0.9, (mining 9 million tons per year) or X=0rBniQg 8
million tons per year). Under the former strategy we would need at least 90 million tons |
order to avoid penalties, while the former would require 80 million tons. The shift from

one policy to another changedsarliehe si ze of th

Fig#16- Effect of Different Strategies

100 million tons
90 rmillion tonsg

30 rmillion tons
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The increase of the d @ @ r  zewraasethe adshflow and hence decreaseR®CE.

However, it also important to remember that there is economies of @@ale

present in the ore extraction and proceesgy costs. The foro®aml a f or
0.7*Annual Extraction Amoun{100000@ , which means t hat i ncr eas
decrease the extraction costs. Although 70 c

does make a huge differencénen dealing with millions of tons. This factor makes the
more aggressive strategy more lucrative.

Another important thing to note is that if you choose yotfaetor to be 0.8 and
mine 8 million tons per year, and in reality the deposit is 90 million, tbmseans that
after ten years, 10 million tons will remain. One could sayybatcan always mine that
leftover amount later, but this would be equivalent to not taking thevatu® of money
into account. The principle of timealue says that one dafl made/lost on year 1 is more
valuable than the same dollar made/lost on year 2. The size of this difference is
determined by the Minimum Attractive Rate of ReflMARR). MARR equal to 10%
would mean that every dollar made in year (T) is worth onlyefiscof a dollar made in
year (T1), the previous year. Therefore to minimize the loss of money, associated with
MARR, need would need to get the total amount he plans to mine (=annual
mining*number of years) as close to the actual amotiate inmining site as possible.

As we see, there is conflict here also. The first factor favors a more careful
approach, while the other two favor the more aggressive one. It is therefore necessary, by
the means of simulation analysis to compute whether the more siggregategy pays

off or not.

39 Luxhoj, William & Sullivan, William & Wicks, Elin. (2006) Engineering EconomyJpper Saddle River,
New Jersey. Prentiedall Inc
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In the light of these conflicting factors, | restate the questions that the simulation

must answer: which test maximizes the ROCE and under each test which strategy is best?
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Chapter 6
DecisionTool Desgiption
Using the @RISK software package from Palisade Decision Tbolsa
simulationbased tool was created. The tool collects the data from the user and presents
him/her with the results. In this chapter | will discuss the various aspects of thesdool

explain how it works.

The first thing that I wi || mention i s t
form and the Administratordos form. The form
simul ati on. It doesnot a Irdgramming tinderneathehe t o s e

interface, and the majority of the cells that perform the calculation duéésdaen fom
user. The latter allow the user to see all the workings of the program, making it possible
to alter certain aspects of calculation.

| will talk about theUsea 6 s  Vfiest; sinceat s the simpler one. Below you see

the screenshot. The red numbers represent the aspects | will now discuss.

3L winston, Wayne. (20015imulation Modeling Using @RISkdiana University Press
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Fig#171 Simulation Tool UserVersion

A =] L9 ) E [

1
2

[4]

11

=

Good day user!

Please select yvour circumstances by choosing one option from each list in the cell right under the criteria name

12
13
22
23 |
24|

Rt
Lo WO ;M

LRl
E=l

0000 00|00 00|00 0o|ca|in
[T (=1 G T N [T S

w
o

w
o

Size Terrain Test Province 1

)

Enter the predicted amount of ore:- 21 b
If this is the "MNull” strategy (annual extraction = total/25) e}
How much would it cost? 4

The area of the site in hectares 5

The Penalty for failing 5]

MARR: 7

So one the investement of $80.320.000.00 =

We were getting the yearly return of $8.122 43024 9

So our ROCE was 01011 10

The payback period 5 11

Run 9 simulation to explore 9 different strategies 1z

1. The dropdown listboxes allow the user to chaoshe set of circumstances in
which the mining is planned. As we remember from Chapter 4, these are
important in determining the uncertainty.

2. Heretheuser enters the predicted amount of ore. The actual amount of ore will be
based on this number.

3. Thsishe <calcul ated table that the wuser
strategy, by dividing the predicted amount of ore by 25 (which represents the
typical number of years that the contract lasts).

4. Here the user enters the expected investment for ltlbgeaannual capacity.
Together these two numbers will allodeterminingthe slope of the initial
investment cost line.

5. Here the user enters the area of the site in hectares. This will help to determine the

total cost of the geological tests.
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6. Here the useenters thgenalty for a failure to fulfill the contract that may or may
not come from the government.

7. This is the cell to enter the MARR minimum attractive rate of return. It will
help in the calculation of amount money gained/lost, while taking thevatue
of money into account.

8. Outputs start from here. This shows the total initial investment needed. This
includes both cost of geological tests and general expenses, such as equipment
and buildings.

9. This is the average yearly return of the business.

10.This is the Return On Capital Employed ratio. This is the measure of success for
most Kazakh mining companies. We will judge the value of each strategy based
on this. A company is considered successful is this measure is at least 0.1

11.This is the payback ped, also called the breadven point. This measure is also
important.

12.This displays the instruction to the user.

Now | wi || tal k about the Administratoros

calculated. This version is rather large, so it will requiree screenshots to show it all.
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Fig#181 Simulation Tool, Administrator Version

A | B | C D | E | F | G | H

1 |Good day user!

2|

3 [There cah be different circumstances, such as

4 The Possible Strategies

5| Sizecanbe:  |Terrain can be: Test can be: Frovince can be: | 4 1600000|The most Conserative 1
6 | Large Mountains A Astana 1700000]The very Consenvative 2
| Medium Steppes B Kostanai 1800000The Conservative 3
8 | Small Semi-deserts c1 Aktabe 1900000|The Conentionalll 4
9| Karaganda 2000000|The Moderate 5
10 |Please select your circumstances by choosing one option from each list in the cell ight under the criteria name 2100000{The slightly Agressive 6
1 2200000{The rather Aggressive 7
12 a 2300000{The very Agressive 8

2400000{The most Agressive 9
Uncertainty coefficients

15 -2.04 2.73 0 -0.52 The cost of are

16

EAﬁerthe calculations were performed it is computed that: 34.45

18

Eh‘lean value of error function is: 1.03 4

20

ZAnd the standard deviation of it is 0.07188

22|

23 |Enter the predicted amount of ore: _

24

Elfth\s is the "Mull" strategy (annual extraction = total/25)

26

27 |How much would it cost? _

il — 1

29 |The inttial investement function coeflicient

30

3 |The royalties and social payments and such m

32|

33 | The strategies for simulation are: 1EDDDD

En
EThe investement costs for which are: 7

36
EThen the actual amaunt is going to be decided by the simulation hers _[you can press F9 to see possible results) 8

38 lithe simulation is performed on basis of normal distribution)
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Ed

Then the actual amount is going to be decided by the simulation here

_|‘_mu can press F9 to see possible results)

38 |(the simulation i parformed on basis of normal distribution)

39

EThe area of the site in hectares _

4

EThe cost of A-test Is it used? q 0

43

EThe cost of B-test Is it used? 1

45

EThe cost of C1-test 170000]1s it used? 0

a7

ETotal cost of test

49

EThe Yearly Penalties for failing _

51

54 |Year Ore left |5 the plan working? |Fixed costs Operating costs |Royalties and such |Revenue Penalties Cash Flow Adjusted Cash Flow  [He
55 0] 5374587417 1] §80.320.000.00 50.00 50.00 50.00 50.00] -$80.320.000.00 -560.320.000.00
56 1| 5214587417 1 50.00] §55.120.000.00 $6.890,000.00 $76.800.000.00 $0.00) -$65.530.000.00 -566.269,500.00
57 2| 5054587417 1 50.00] $55.120,000.00 $6,890,000.00| §76.800,000.00 50.00] -§50.740,000.00 -§52,921,525.00
58 3] 48945887417 1 50.00] §55.120.000.00 $6.890,000.00 $76.800.000.00 $0.00) -$35.950.000.00 -540.240,948.75
59 4] 4734587417 1 50.00] $55.120,000.00 56,890,000.00| §76.500,000.00 50.00] -§21.160,000.00 -528,194,401.31
60 5 4574587417 1 50.00) §55.120.000.00 56.890,000.00| §76.800.000.00 50.00) -56.370.000.00 -516.750.181.25
61 6] 4414587417 1 50.00] $55.120,000.00 56,890,000.00| §76.800,000.00 50.00 58.420,000.00 -55,878,172.18
62 7] 4254587417 1 50.00] §55.120.000.00 56.890,000.00| §76.800.000.00 50.00) §23.210.000.00 5445023642
63 8] 4094587417 1 50.00] $55.120,000.00 $6,890,000.00 $76.800,000.00 50.00]  $38.000,000.00 514,262,224 60
64 9] 3534587417 1 50.00] §55.120.000.00 56.890,000.00 §76.500.000.00 50.00]  $52.790.000.00 523,583.613.37
65 101 3774887417 1 50.00] §55.120.000.00 $6.890,000.00 $76.800.000.00 50.00) $67.580.000.00 532.438.932.70
66 11] 3614587417 1 50.00] $55.120,000.00 $6,890,000.00| §76.800,000.00 50.00)  $82.370,000.00 540,851.466.07
67 12] 3454887417 1 50.00] §55.120.000.00 $6.890,000.00 $76.800.000.00 $0.00) $97.160.000.00 548.843.411.77
68 13| 3294887417 1 50.00] $55.120,000.00 56,890,000.00| §76.500,000.00 $0.00] $111.950,000.00 556,435,741.18
69 4] 3134587417 1 50.00) §55.120.000.00 56.890,000.00| §76.800.000.00 50.00) §126.740.000.00 563,648.454.12
70 18] 2974587417 1 50.00] $55.120,000.00 56,890,000.00| §76.800,000.00 50.00] $141.530,000.00 570,500,531.41
n 16] 2814587417 1 50.00] §55.120.000.00 56.890,000.00| §76.800.000.00 50.00] §$156.320.000.00 577.010,004.54
72 17 2654587417 1 50.00] $55.120,000.00 $6,890,000.00| $76.800,000.00 $0.00] $171.110.000.00 553,194,004.60
73 18] 2494587417 1 50.00[ $55.120.000.00 56,890,000.00) $76.800,000.00 50.00] 5185.900,000.00 569,068,804.37
4 19] 2334567417 1 50.00] §55,120,000.00 56,890,000.00) §76.800,000.00 50.00] 5200,690.000.00 594,649,864 .15
[ 200 A745874.147 1 50.00] $55.120.000.00 56.690,000.00 §76.800,000.00 50.00[ §215.480.000.00 599 951.670.94
76 21| 2014887417 1 50.00[ $55.120.000.00 56,890,000.00) $76.800,000.00 50.00] $230.270.000.00 5104,988.777.40
i 22| 1854587417 1 50.00] §55,120,000.00 56,890,000.00) §76.800,000.00 50.00] 5245,060.000.00 5109,773.836.53
8 23] 1694587417 1 50.00] $55.120.000.00 56.690,000.00 §76.800,000.00 50.00] 5258,850.000.00 §114,319,646.60
7 24| 1534887417 1 50.00[ $55.120.000.00 56,890,000.00) $76.800,000.00 50.00] 5274.640.000.00 5$118,638.164.27
g0 26 1374887417 1 50.00] §55,120,000.00 56,890,000.00) §76.,800,000.00 50.00] 5285.430.000.00 §122,740,756.06
81

82 |50 one the investement of $60,320,000.00

3

84 |We were getting the yearly retum of $6.122430.24

85

86 | S0 our ROCE was 01011

a7

88 |The payback period 6

1. These are lists

possible.

2. Here theuncertainty coefficients, discussed in Chapterel calculged.
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. Here the above coefficients are transformed into a probabilistic model with a
mean and standard deviation.

. Here the program calculates the slope of the initial investment function. This
allows exploring different strategies.

. Here the amount of royadts and social payments are calculated. The calculation

is based on the assumption that the sum of these payments is around 10% of the
extraction cost, which is very typical for Kazakhstan.

. This is the <cell, where the @RThSKOS
function allows putting multiple values into one cell one by one, and running the
simulations based on that. The values come from the table above, shown on the
screenshot by the green arrow. The values of the annual ore extraction are
calculated irthe following way. A certain percentage of the predicted amount of
ore is taken and divided by 25. The most conservative of these strategies places
this percentage value at 80%, while the most aggressive assigns 120% to it. There
are 9 different strategieto be evaluated, each of which has a 5% difference in the
percentage value with each of the nearest stratefiessmaller box below the
description of strategies calculates the cosexifaction per ton, based on the
extraction cost function discussidthe previous chapter.

. Different strategies will need different initial investment costs to be evaluated.
This cell calculates these values based on the annual extracti@opedof the

investment function.

-58-



8. This is the cell, which calculates the adtamount of ore in the mining sjtbased
on the model of Normal Distribution, with the appropriate mean and standard
deviation.

9. Here the cost of the geological test is calculated. It depends onthéhaser
chooses in the dregown menu at the top.

10.This is the 25year outline of cash flow. | will now explain each column
individually.

1 Yeari shows how far are we into the mining project. Year O refers to
initial investments.

1 Ore lefti this keeps track of how much ore is really left in the mining site.
It works by taking the value from ltem#&the initial value (see above)
and subtracts the number from ltem#6 each year

1 Is the plan working this column keeps track of whether the value in
column AOre |l efto is still above zero.

1 Fixed costs refers to initihinvestment needed on site.

1 Operating costs refers to the costs of extraction, based on the product of
extraction rate and the cost of extraction, which are seen above in previous
Items. If the plan is no longer working, the value will be zero.

1 Revenuei based on the $120 per ton cost of the iron ore concentrate,
which is the current market price. Different experts say different things
about the future ore cost, but in this model we will assume that it stays the
sameWe must keep in mind that it take$2ons of ore to make 1 ton of

concentrate. If the plan is no longer working, the value will be zero.
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1 The Penalty the penalty only comes if the plan is not working and the
amount of ore left drops below zero. It is then immediately applied.

1 Cash flowi the results of the previous columns detieemthe values in
this one. As we see, the values are slowly going up.

1 Adjusted Cash Flow this column takes the MARR into account, making
sure that timevalue of money is not disregarded, and shows values in Real

Dollars (as opposed to Actual Dollars in the previous columns).
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Chapter 7
Simulation Results
With the sample data provided, and the simulatiom |, |l 6ve acquired
results, which might helps us answer the main questibtiss progct, which are:
1 Which strategy is the best to use?
1 Which test is best to perform?
1 Is the conventional strategy correct?
The conventional strategy of the Mining Bureau is to mine the (0.95*Prediction/25) tons
of ore annually and always perform artest onthe mining site.
The simulation was run on the trial data from the Bapi site, located 50 kilometers
tothesoutte ast of Kazakhstandés capital, Astana.
1 Area=10 hectare@gnedium size)

1 Astana province, serteserts

1T Predicted amount of ore = 1500600006000

T Ini ti al i nvest ment for the ANull 06 strategy
f Failure penalty = $1060006000

1 MARR=5%

The simulation was run three times, one time for each of the tests.
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So, after completing the simulation with the sampledéte resultsrathe following:

Table#16i C1 TestResults

Resulting ROCE C1 test
Strategy Min Mean Max
The most Conservative | 0.101315| 0.099466 0.101315
The very Conservative | 0.081267| 0.108964| 0.112680
The rather Conservative | 0.076850, 0.116648 0.123638
The slightly Conservativg 0.072068| 0.122313| 0.134252
The ModeratéX = 1) 0.066820] 0.125635| 0.144574
The slightly Aggressive | 0.061014| 0.126893| 0.154646
The rather Aggressive | 0.054563| 0.126465| 0.164501
The very Aggressive 0.047381] 0.124822| 0.174168
The most Aggressive 0.039386| 0.122557| 0.183671

Please put the-xalues in the table.

Table#17i7 B TestResults

Resulting ROCE B test

Strategy Min Mean Max
The most Conservative | 0.101346| 0.104546| 0.110795
The very Conservative | 0.087637| 0.113991| 0.122157
The rather Conservative | 0.081487| 0.121636/ 0.133085
The slightly Conservativg 0.072777| 0.127280] 0.143657
The Moderate 0.067408| 0.130700/ 0.153885
The slightly Aggressive | 0.061698| 0.131955| 0.163632
The rather Aggressive 0.057792| 0.131500| 0.172755
The very Aggressive 0.052587| 0.129841| 0.181319
The most Aggressive 0.046088| 0.127600] 0.188748

Table#187 A TestResults

Resulting ROCE A

Strategy Min Mean Max
The most Conservative | 0.111353] 0.114506| 0.120771
The very Conservative | 0.096973] 0.123986| 0.132106
The rather Consertige | 0.089600] 0.131651| 0.143032
The slightly Conservativg 0.084500, 0.137260| 0.153600
The Moderate 0.078500; 0.140702| 0.163839
The slightly Aggressive | 0.073100] 0.141952| 0.173642
The rather Aggressive | 0.067000] 0.141492| 0.182657
The very Aggressive 0.0600| 0.139840| 0.191455
The most Aggressive 0.055900; 0.137583| 0.199214
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The results tell us two important facte first conclusion is thatatla proves that
B-test gives consistently better results than C1 testfatebt gives consistently better

resuts than Btest. This means that in this case the company policy is correct and always

going for the Atest is a correct decision.

There is no stochastic dominan(cefine the term or use a referenbejween the

tests, but as the policy becomes moreeggrs i ve, t he testos

Table #1971 B TestDominancevs.C1 Test

Strategy Probability that ROCE is better under B-test than under C1 test
The most Conservative 56.39%
The very Conservative 58.37%
The rather Conservativi 62.26%
The slightly

Corservative 67.64%
The Moderate 69.81%
The slightly Aggressive 79.38%
The rather Aggressive 84.41%
The very Aggressive 90.47%
The most Aggressive 95.32%

Table # 207 A TestDominancevs.B Test

Strategy Probability that ROCE is better under A-test than under B test
The most Conservative 60.90%
The very Conservative 62.75%
The rather Conservativi 64.94%
The slightly

Conservative 70.10%
The Moderate 71.89%
The slightly Aggressive 81.30%
The rather Aggressive 85.58%
The very Aggressive 94.08%
The most Aggressive 96.79%
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Table # 217 AA6TestDominancevs.C1 Test

Strategy Probability that A-test is better than C1 test

The most Conservative 72.29%
The very Conservative 70.17%
The rather Conservativi 76.01%
The slightly

Conservative 77.99%
The Moderate 79.05%
The slightly Aggressive 92.27%
The rather Aggressive 96.67%
The very Aggressive 100.00%
The most Aggressive 100.00%

The second important result of the simulation is tBaghtly Aggressive policy
gives a consistently better ame ROCE value than the Slightly Conservative policy,
which is the conventional tactic¥his would suggest that the company is being more

conservative than it should and titfa¢ policy should be switched to Slightly Aggressive.

However, it is importantat keep in mind that mean values alone do not give us

the final answer. It is important to also look at the standard deviation of ROCE results, to
understand how it influences the risk of getting below 10%, which is the minimum
acceptable value for most cpanies. This probability of not meeting a certain

performance | evel °f Sinceitd clear thatfest is besttoptionnl

now will present the downturn risk associated with each strategy under this test.

32 Clemen, Robert. (1996)aking Hard DecisionsFuqua School of Businesdurhan NC.Duke

University Press
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Table # 227 Downturn Risk

Resulting ROCE A Downturn
Strategy Min Mean Max risk

The most Conservative 0.111353] 0.114506| 0.120771 0.00%
The very Conservative 0.096973| 0.123986| 0.132106 0.02%
The rather Conservative | 0.089600| 0.131651| 0.143032 0.31%
The slightly Conservatey | 0.084500, 0.13726/ 0.1536 1.55%
The Moderate 0.078500] 0.140702| 0.163839 3.74%
The slightly Aggressive 0.073100] 0.141952| 0.173642 5.59%
The rather Aggressive 0.067000] 0.141492| 0.182657 7.05%
The very Aggressive 0.060500/ 0.13984| 0.191455 8.35%
The mostAggressive 0.055900| 0.137583| 0.199214 10.79%

As strategy gets more and more aggressive, the downturn risk gets highever,

more aggressive tactics potentially hragher rewards.
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To better understand the nature of each testandr at egy

distribution

Fig#191 Histograms for Distribution of ROCE

C1test, the Most Conservative Strategy

C1 test, the Moderate (neutral) Strategy

Ithe ROCGE |
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