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Abstract

1 Abstract

The oil and gas company OMV wants to introduce new technologies for wells in
Romania to increase the annual production there. These new technologies should
reduce the current annual intervention frequency and therefore lead to a higher
annual production. This thesis deals with the estimation of the total savings and the
production increase, which are caused by the employment of new technologies in
Romania. These new technologies include the installation of new tubing material,
the installation of new sucker rod strings and the employment of corrosion
inhibitors. For every new planned action an employment scenario, which includes a
best, a worst and a most realistic case, has been calculated. In addition an
employment scenario for the combination of the most realistic cases has been
evaluated. Afterwards a Monte Carlo Simulation has been carried out to consider
how the variability of different input parameters affects various output parameters.
The results of the simulation show that the oil price, the number of interventions
and the intervention costs have a significant influence on the total savings. In
comparison to these, the influences of the material costs are very low. The reason
for this is that the savings due to the reduced number of interventions are
significantly higher than the costs for the new technologies. This fact shows that
enormous savings could be realized by the employment of the new technologies.

Der Ol- und Gaskonzern OMV beabsichtigt neue Technologien fiir Sonden in
Ruminien einzufiihren, um die jihrliche Produktion zu erhohen. Diese neuen
Technologien sollen die aktuelle Behandlungsfrequenz reduzieren und somit zu
einer hoéheren jihrlichen Produktion fihren. Diese Arbeit befasst sich mit der
Schitzung der Ersparnisse und der Produktionserh6hung, die durch den Einsatz
neuer Technologien in Ruminien verursacht werden. Diese Technologien umfassen
die Installation neuer Steigrohre, die Installation neuer Pumpgestinge und den
Einsatz von Korrosionsinhibitoren. Fir jede geplante MaBnahme wurde ein
Einsatzszenario, welches einen schlechtesten, besten und realistischsten Fall
berticksichtigt, berechnet. Zusitzlich wurde noch ein Kombinations-Szenario der
realistischsten Falle errechnet. Danach wurde eine Monte Carlo Simulation
durchgefithrt, um den Einfluss verschiedener Inputparameter auf bestimmte
Outputparameter zu untersuchen. Die Resultate der Simulation zeigen, dass der
Olpreis, die Anzahl der Behandlungen und die Behandlungskosten den gréten
Einfluss auf die Ersparnisse haben. Im Vergleich dazu sind die Einflisse der
Materialkosten sehr gering. Der Grund dafiir ist, dass die Ersparnisse aufgrund der
reduzierten Behandlungsanzahl bedeutend hoher sind, als die Kosten fur die neuen
Technologien. Diese Tatsache zeigt, dass durch den Einsatz neuer Technologien
enorme Ersparnisse erzielt werden kénnen.
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2 Introduction

The oil and gas company OMV has the intention to install new materials and to
introduce new technologies for wells in Romania to increase the annual production
there. The task of this thesis is to estimate the savings and the production increase,
which could be realized due to employment of the new technologies.

2.1 Current situation in Romania

In 2004 OMV acquired 51% of the Romanian oil and gas company Petrom. At the
moment 9,540 pumping wells are installed in Romania. These wells are
characterized by a significantly high number of workovers per year. Generally a
workover can be described as a major maintenance job on an oil or gas well.!

A workover in Romania cannot be compared to a usual workover in Austria,
because in Austria a workover serves the purpose of preventive maintenance. In
Romania the philosophy is just to wait until, for example, a tubing failure or a sucker
rod string failure occurs. If such a failure happens an intervention is carried out to
exchange just the broken tubing joint or sucker rod joint. Currently the average
intervention frequency of a well in Romania is approximately 10 interventions per
year.?

Compared to Austria less preventive maintenance is practiced in Romania, because
just the broken parts are exchanged when doing an intervention. The average costs
for an intervention in Romania are on average about 2,270 Euro. These costs have
been calculated by evaluating the average intervention costs of eight operating
regions in Romania. The average endurance of one intervention, without
consideration of the dead time, which is the time the well ‘waits’ for the
intervention, is 27 hours. This average endurance has been calculated by evaluating
the average intervention endurances of the same eight operating regions in Romania
again.

2.2 Comparison to the situation in Austria

In Austria, where preventive maintenance is carried out, the average time period
between two workovers is about 1,200 days. In Austria the philosophy is not just to
exchange the broken part instead 100% of the tubing material in the well are wall
thickness surveyed, and additionally 10% of the tubing material is replaced with new
material, which is J-55 steel during every workover. The sucker rod string is
exchanged after every third failure respectively after 25 million alternations of load.
That means that it is replaced after approximately eight years under the assumption

! According to statements of experts.
2 According to statements of experts.
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of 6 up- and down movements or strokes per minute. The cost for a workover in
Austria is on average 30,000 Euro.3

In the 1980s the average workover frequency in Austria was also very high
compared to the current situation. But the workover frequency could be decreased
by the employment of new technologies. These technologies included the change of
the tubing material, the rod grade and the rod guides as well as an inhibitor
optimization.

Fig. 2-1 shows this development due to the employment of the new technologies.
As can be observed in this table the lifetime of a sucker rod pumped unit could be
increased from about 300 days in the year 1986 to about 1,200 days in the year 2003.

Fig. 2-1 Increase in Lifetime of Sucker Rod Pump Units'
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2.3 Aim of the master thesis

OMYV wants to decrease the intervention frequency in Romania by the employment
of new materials and new techniques in brown fields in Romania. A brown field is
an oil or gas accumulation that has progressed to a stage of declining production.>
Furthermore it is characterized by an increasing water cut of a certain percentage
per year. Currently this production decline is about 10% in Romania.® The goal of
the planned actions, including new materials and new techniques, is now to decrease

8 According to statements of experts.
* From Havlik,Oberndorfer (2006) p.6.
® www.glossary.oilfield.slb.com

6 According to statements of experts.
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this 10% decline in Romania by increasing the production time, which should be
realized by a lower number of interventions per year. Obviously, less intervention
time means more production time. Due to the decreased number of interventions
per year — and the therefore increased annual production time — the annual
production decline can be reduced. This reduction of the production decline causes
an annual production increase.

The new material should include new tubings, new sucker rod strings and protectors
for the sucker rod strings. The new techniques should cover the usage of corrosion
inhibitors, thermoplastic tubular liners and the introduction of the wall thickness
survey.

The aim of this thesis is to estimate the savings and the increase of production that
can be realized by decreasing the intervention frequency. The decrease of the
intervention frequency for every measure was assumed by experts from the OMV
and is very conservative to guarantee a realistic model with realistic output
parameters.

As already mentioned the decrease of intervention frequency for each measure was
assumed and the task was to construct a calculation model. This model refers to
7,579 wells which are equipped with sucker rod pumps and covers a time period of
5 years. With this model it is possible to estimate the savings and the increase of
production that can be realized by the assumed intervention frequency decrease for
each planned action.

Afterwards a simulation with the software @risk® was carried out to consider how
the variability of different input parameters affects various output parameters.
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3 Description of the NPV method and the Monte
Carlo Simulation

3.1 Description of the net present value method

The net present value method is used to calculate the profitability of a long term
investment. It is a dynamic capital budgeting method. Two types of capital
budgeting methods can be distinguished, the static methods and the dynamic
methods. In comparison with the static methods, the dynamic methods observe
several time periods and consequently the time value of the money is considered. ’

That means that each net cash flow, which is defined as the difference between net
annual revenues and net annual expenditures, of a long term investment has to be
discounted at a certain discount factor to its present value. The net present value is
then calculated as the sum of all these discounted cash flows of a long term
investment.8

The exact definition of the net present value method is:

‘The net present value method is a total analysis with the aim to calculate the
present value of the cash flow (profit or cost savings), which flows back due to the
amortization of the capital expenditure and the imputed interest rate’.?

The equation of the net present value can be represented as:!0

T
NPV = Z(et _at)*q_t

1=0
t = time index

T = last point of time in the calculation
e, = revenues

a, = expenditures

q = discounting factor

Different net present value results have different impacts on planned long term
investments. This fact is shown on Tab. 3-1.

7 Cf. Warnecke, Bullinger, Hichert, Voegele (1996), p.30 et sq.
8 Cf. Gotze, Bloech (1995), p.73 et sqq.

® Warnecke, Bullinger, Hichert, Voegele (1996), p.90.

'° From Gétze, Bloech (1995), p.74.
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Tab. 3-1 Interpretation of the result of the net present value calculation'’

The invested capital is The planned long-term
IENPV > 0 regained and the investment should be
investment realizes a profit | realized

The invested capital is not | The planned long-term

IENPV < 0 regained and the investment should be
investment incurs a loss refused
The invested capital is The planned long-term
IFNPV = 0 regained and the investment should be
investment neither realizes | refused, because no profit
a profit nor a loss is realized

Choosing the right imputed interest rate is very important for the calculation. The
imputed interest rate considers the opportunity costs, which develop because certain
alternative chances or opportunities of the company are not taken. These
opportunity costs can be described as the average earnings of other investments of
the company, which are refused if the calculated long term investment is chosen.!?
Companies often have one single imputed interest rate with which they calculate the
profitability of certain projects. For example the imputed interest rate of OMV is
11%.13

A simple example should illustrate the principle of discounting: If the interest rate
for $1 is 15%, this dollar would grow to $1.15 after one year. That means that
$1/1.15 or 0.8696$% would grow to $1 after one year assuming an interest rate of
15%. Thus the present value of $1, which is received in one year is $0.8696
assuming an imputed interest rate of 15% or conversely the discounted value of §1
at a imputed interest rate of 15% would be $0.8696. This procedure is shown for a
time period of ten years on Tab. 3-2, which be found on the next page.!*

" Cf. Warnecke, Bullinger, Hichert, Voegele (1996), p.90 et sq.
12 Cf. Gotze, Bloech (1995), p.86.

3 According to statements of experts.

' Cf. Allen, Seba (1993), p. 157 et sq.
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Tab. 3-2 Development of a sum of $1 at an interest rate(1) and an imputed interest rate (2) of

15%"°
Year 1) @)
0 $1.0000 $1.0000
1 $1.1500 $0.8696
2 $1.3225 $0.7561
3 $1.5209 $0.6575
4 $1.7409 $0.5718
5 $2.0114 $0.4972
6 $2.3131 $0.4323
7 $2.6600 $0.3759
8 $3.0590 $0.3269
9 $3.5179 $0.2843
10 $4.0456 $0.2472

The value of $1 has doubled after approximately 5 years. That coincides with the
rule of 72 which states that the time needed to double the money at a certain
interest rate can be calculated by dividing 72 by the interest rate, which would be
72/15, and that equals 4.8.16

3.2 Description of the payout period

The payout period of an investment is the time from the first expenditure of a long
term investment until the net present value becomes positive or, in other words, it is
the time period which is necessary to regain the invested capital from the sum of the
net cash flows.!”

'® From Allen, Seba (1993), p. 158.
'8 Cf. Allen, Seba (1993), p. 158.
7 Cf. Allen, Seba (1993), p. 149.
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The following formula is used to calculate the payout period of an investment:!8
Payout period =t + KW, /(KWt —KWH])

t = last period which shows a negative net present value

KW, = net present value of the last period which shows a negative net present value

KW

.., = net present value of the first period which shows a positive net present value

Fig. 3-1 shows the payout period of a long-term investment. The chart shows that
the payout period for this investment equals to 1.5 years or 18 months.

Fig. 3-1 Payout period of a long-term investment'®
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'® From Gétze, Bloech (1995), p.103.
¥ From Allen, Seba (1993), p. 149.
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3.3 Monte Carlo Simulation

Generally a simulation is an analytical method, which tries to imitate a real life
system. The Monte Carlo Simulation is a numerical method, which is used to
simulate the behavior of physical, mathematical or other kinds of systems. These
systems have to be described by a stochastic model, which is then simulated.?’

3.3.1 History of the Monte Carlo Simulation

The first documented use of random samplings in history was carried out by the
Compte de Buffon. He did his experiment in 1777. For the execution of his
experiment he took a horizontal plane and constructed straight lines with a distance
of d on it. Then he calculated the probability that a needle with the length I (L. < d)
will intersect one of these lines. The experiment was repeated many times. The
mathematical analyses of this problem showed that the probability
is p=2*L/(7z*d). Years after this experiment, Laplace had the idea that this
experiment could be used for the evaluation of PL?!

The Monte Carlo method was also used in the Second World War for the
construction of the atomic bomb. The first charts of random numbers were set up
on the basis of roulette game results from the famous casino of Monaco. This was
also the reason why the American scientists Metropolis and Ulam called this method
of random sampling Monte Carlo Simulation in the year 1949. Today the Monte
Carlo Simulation has many applications in different sciences like physics,
mathematics and mathematical economics.??

3.3.2 Monte Carlo Simulation with the software @risk®

The software package @risk® is an add-in for Microsoft Excel®. First, a calculation
model is created with an Excel® spreadsheet. This model contains a certain number
of uncertain variables. These variables are the input parameters of the simulation.
For each of these input parameters a probability distribution is defined. Two types
of probability distributions can be distinguished: discrete distributions and
continuous distributions. Examples for the discrete distributions are the Binomial-,
the Discrete- and the Poisson Distribution. Examples for the continuous
distributions are the Histogram, the Lognormal-, the Normal-, the Uniform and the
Triangle Distribution.??

For the simulation of the calculation model of this thesis, the Triangle Distribution
was used. The Triangle Distribution is indicated by the fact that the probability,
which is shown on the ordinate, is decreasing from the centre to the lower and

2 Cf. Hengartner, Theodorescu (1978), p.11
2 Cf. Kalos, Whitlock (1986), p.4 et sq.

2 Cf. Hengartner, Theodorescu (1978), p.17.
% Cf. Staber (2006), p.8.
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upper boundaries of the abscissa. That means that the value in the middle of the
probability distribution has the highest probability of being realized. For each input
parameter a certain interval of possible values is defined. Concerning the thusly
created calculation model, the probabilities of the input parameters to reach a value
in the centre of the defined interval are higher than the probabilities that the input
parameters lie at the upper or lower end of the assumed interval. For example, the
defined interval for the oil price is between $20 and $100. The probability of the oil
price to reach a value of $60 is much higher than to be $20 or $100. For this reason
the Triangle Distribution has been chosen to represent the probability distribution
of the defined input parameters.

Fig. 3-2 shows the density function of a Triangle distribution and Fig. 3-3 shows the
distributive function of a Triangle Distribution. In comparison with the density
function, the distributive function shows the accumulation of the probabilities.

Fig. 3-2 Density function of a Triangle distribution®*
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Fig. 3-3 Distributive function of a Triangle distribution®
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2 www.statistik.tuwien.ac.at
% www.statistik.tuwien.ac.at
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Besides the definition of input parameters, output parameters are also defined.
These output parameters are usually the final results of the calculation model (e.g.
NPV). Afterwards certain simulation settings have to be chosen. The most
important of these settings are the number of simulation trials or iterations that are
calculated during the simulation and the method of generating the random numbers.
The software @risk® offers two methods to generate the random numbers, the
Monte Carlo method and the Latin Hypercube method. For the simulation of the
calculation model of this thesis the Monte Carlo method was used. After selecting
the appropriate settings the simulation can be started. During one single simulation
trial a random number from the defined grobabﬂity distribution is created for each
uncertain variable by the software @risk . From these random numbers an output
for each single simulation trial is calculated. The final result of these calculations is a
probability distribution for each output.

After the simulation, the analysis of the simulation results, which can be displayed in
Histograms and Tornado Charts, is carried out. For the interpretation of the
Histograms certain measured values are used, which are the mean, the median and
the mode. The mode is the most likely value, the median is the mid-value and the
mean is the weighted average value. The whole flow chart of a Monte Carlo
Simulation is shown on Fig. 3-4.

Fig. 3-4 Flow chart of a Monte Carlo Simulation®®
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The flow chart shows that at first a probability distribution is defined for each of the
input parameters. The next step of the Monte Carlo Simulation is the sampling of
the input data from the defined probability distribution. After that a certain output
parameter is calculated. As can be observed on the flow chart this procedure is
repeated until the before defined number of iterations is reached. At the end of the
Monte Carlo Simulation the software calculates a probability distribution for the
output. Afterwards the results of the simulation are interpreted and investment
decisions can be made.

3.3.3 Sensitivity analysis

The aim of a sensitivity analysis is to indicate how strong the influence of an input
parameter on an output parameter is. Two types of sensitivity analyses can be
distinguished: The probabilistic sensitivity analysis and the deterministic sensitivity
analysis.

The following difference exists between these two analyses. The probabilistic
analysis is used to compare the influences of all input parameters on a certain output
parameter after a Monte Carlo Simulation was carried out. The deterministic analysis
is used to show the influence of a single input parameter on a certain output
parameter.

The first necessary step for doing a probabilistic analysis is to define a realistic
probability distribution for all of the input parameters and to define the output
parameters which are influenced by the uncertain variables. During the simulation
run the input parameters are then varied between the previously defined boundaries:
for example an oil price of $60 could be varied between $20 and $100. These
boundaries can be defined as absolute values or as percentage rates of the basic
initial value.

After the simulation, the strength of the influences of the different parameters is

shown by using a Tornado Chart. The software @risk® creates a Tornado chart by
means of a regression analysis or a correlation analysis.

Describing how a dependant variable Y relates to an independent variable X by a
straight line is called the regression of Y on X . For the description of the linear
regression a certain relation between a dependent variable Y and an independent
variable X has been assumed. This relation ship is shown on Tab. 3-3.27

# Cf. Wonnacott, Wonnacott (1981), p. 13.
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Tab. 3-3 Assumed relation between X and Y?°

X Y
100 40
200 50
300 50
400 70
500 05
600 05
700 80

The principle of linear regression is to determine a line, which fits these points in
the best way. An accurate fit of these points minimizes the total error. A typical
error, which is also called deviation, is displayed on Fig. 3-5.2

Fig. 3-5 Typical error in fitting points with a line®
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It is the vertical distance between Y, and the value Y, on the fitted line. That means

the vertical distance equalsY, — Y, . This error is negative when Y, is below the fitted

%8 From Wonnacott, Wonnacott (1981), p. 14.
% Cf. Wonnacott, Wonnacott (1981), p. 15 et sq.
% From Wonnacott, Wonnacott (1981), p. 16.
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line and positive when Y, is above the fitted line. To minimize the total error the
sums of the squares of the errors Z(K - Yl)z are minimized:3!

This solution is called the least squares solution. Fig. 3-6 shows again the Y values
from Tab. 3-3 plotted against the X values from Tab. 3-3.
Fig. 3-6 Regression after translating X and Y*
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As already mentioned the objective of the linear regression is to determine a line,
which fits these points in the best way. For this purpose a new variable is defined at

first. This new vatiable is called x and it equals X — X , where X is the mean value
of the X wvalues. This new definition is equivalent to a geometric translation of the
axes. This fact is also displayed on Fig. 3-5. The ordinate has been shifted right from
0 toX . In this certain case X equals 400. The new x values are negative or
positive. It depends on whether the X values are less or greater than X . There is no
change in the Y values. The sum of the new x values equals zero. The line that fits
the assumed points in the best way is represented by the equation Y =a+b*x. The
regression coefficients a and b must be selected in a manner that satisfies the least
squares criterion. That means that the values of a and b are selected in a way that

the term Z(Yl —?,)z is minimized. Fach fitted value Y, is on the estimated line

Y, =a+b*x. Therefore S(a,b)= z (Y, —a—b*x, )2 , where the notation S(a,b)
depends on a and b. The question is now at which values of a and b S(a,b) will be a

minimum. This values are a =?, which is the mean value of the Y wvalues, and
b= (in *Yi)/inz. Concerning the example of Tab. 3-3 a=60 and b=0.59.

That means that the least squares equation in this case equals?i =60+0.59*x .33

31 Cf. Wonnacott, Wonnacott (1981), p. 15 et sqq.
%2 From Wonnacott, Wonnacott (1981), p. 18.
% Cf. Wonnacott, Wonnacott (1981), p. 19 et sqq.
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The regression analysis shows how certain variables are linearly related. In
comparison to the regression analysis, the correlation analysis shows only the
degree to which variables are linearly related. As already explained, in regression
analysis a whole function is calculated. But in the correlation analysis only one
number, which is the correlation coefficient 7, is determined. This number is an
index that shows how closely two variables move together. As it has been done for
the regression analysis, a certain relation between an independent variable X and a
dependent variable ¥ has been assumed, which is shown on Tab. 3-4.34

Tab. 3-4 Assumed relation between X and Y*°

X Y
36 35
80 65
50 60
58 39
72 48
60 44
56 48
68 61

Fig. 3-7 displays two plots of these points. In Fig. 3-7 (b) both axes are shifted. Due
to this procedure two new variables are defined. These new variables are x, which

equals X ~X andy, which isY —Y . In this certain case the mean value X equals

50 and the mean value Y is 60.36

% Cf. Wonnacott, Wonnacott (1981), p. 152.
% From Wonnacott, Wonnacott (1981), p. 153.
% Cf. Wonnacott, Wonnacott (1981), p. 152. et sqq.
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Fig. 3-7 Plot of assumed points®’
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If the x and y values of a certain point have the same sign, the point will be in the
first or in the third quadrant, such as P;. Conversely if the x and y values of a
certain point have the same sign, the point will be in the first or in the third
quadrant, such as P;. For this reason, if X and Y are related positively, that means
one rises when the other rises, most of the points will be in the first and third
quadrant. But if X and Y are related negatively, that means one rises when the other
falls, most of the points will be in the second and fourth quadrant. If there is no
relation between Xand Y the points are evenly distributed over the four
quadrants.’®

The correlation coefficient is calculated by using the following formula:3

r:Z(x*y)/,/iE xz*Zyzi

¥ From Wonnacott, Wonnacott (1981), p. 154.
% Cf. Wonnacott, Wonnacott (1981), p. 155.
% Cf. Wonnacott, Wonnacott (1981), p. 156.
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Fig. 3-8 shows different relations between X and Y.

Fig. 3-8 Different relations between X and y*
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In Fig. 3-8(b) X and Yhave a perfect positive relation, and so the correlation
coefficient requals 1. Fig. 3-8(d) displays a perfect negative relation. In this case the
correlation coefficient ris 1. Consequently the correlation coefficient » has an
upper limit of 1 and a lower limit of -1.#1 If an input parameter and an output
parameter have a high correlation coefficient, it means that the input variable has a
significantly high impact on the output parameter. Negative coefficients indicate
that an increase in the input parameter is associated with a decrease in the output
parameter. Positive coefficients indicate that an increase in the input parameter leads
to an increase in the output parameter.*?

The correlation coefficients of Fig. 3-8(e) and Fig. 3-8(f) are 0. Fig. 3-8(e) shows no
relation between X and Y, but Fig. 3-8(f) shows a strong relation between X and
Y . Therefore a zero value of the correlation coefficient » does not mean that there

% From Wonnacott, Wonnacott (1981), p. 157.
1 Cf. Wonnacott, Wonnacott (1981), p. 156.
2 www.decisiioneering.com
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is no relation between X and Y, it just means that there is no /Znear relation between
X and Y. Thus this form of correlation is just a measure of /Znear relation.*3

This procedure leads to a measurement of sensitivity for each input variable. A
Tornado Chart consists of horizontal bars which are arranged one after another
according to size. The longer a bar of a certain input parameter is, the higher is its
influence on the output parameter. That means that the longer bars at the top of the
diagram represent the most significant input parameters.** The abscissa of a
Tornado chart displays the correlation coefficient which, as already explained,
ranges between -1 and 1. Another important aspect of the Tornado charts is the side
of the input parameters. If the output parameter increases with an increasing value
of the input variable, the input parameter is displayed on the right side of the
diagram. But if the output parameter decreases with an increasing value of the input
variable, the input parameter is displayed on the left side of the diagram.

Fig. 3-9 shows an example of a Tornado Chart which shows the influence of four
different input variables. As can be seen from the chart, Input 1 has the highest
influence on the output and Input 4 has the lowest influence.

Fig. 3-9 Example of a Tornado Chart

OInput 1
OInput 2
Einput 3
@lnput 4

Correlation Coefficients

As already mentioned, deterministic analyses are carried out to show the influence
of a single input parameter on a certain output parameter. For these analyses no
simulation is necessary. Instead of this every single input parameter is changed in
fractional steps to show how strong the influence of the parameter is. Afterwards,
the change of the output parameter with the input parameter is plotted. By plotting

“3 Cf. Wonnacott, Wonnacott (1981), p. 156.
“ Cf. Guide to using @risk® (2002), p.66.
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a coordinate for every single input parameter in one diagram a Spider Diagram is
created. The steeper a graph in this diameter is, the stronger the output is influenced
by the respective input parameter. So when analyzing a spider diagram the focus
should be laid on the high slope input parameters.*

Fig. 3-10 Example of a Spider Diagram46
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Fig. 3-10 represents a Spider Diagram. The abscissa shows the fractional changes of
the input parameters and the ordinate represents the resulting change of the output
parameter. The most important input parameters in this diagram are for example the
crude oil price and the production rate. The output parameter in this diagram is the
Internal Rate of Return, which can be described as the discount factor at which the
net present value of an investment is zero. In other words if the discount factor is
increased, the net present value decreases and at a certain discount factor, which is
the internal rate of return, it becomes zero. All curves of the diagram go through the
origin, because if the input parameters are not varied, the output parameter will not
change ecither. By connecting the limits between which the input parameters are
varied, the spider web can be constructed, which can also be seen on Fig. 3-10.

5 Cf. Allen, Seba (1993), p. 214 et sq.
“ From Allen, Seba (1993), p. 214.
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4 Description of sucker rod pumping and new
technologies

This chapter gives the reader an overview about the design and the operating mode
of a sucker rod pumping unit. Furthermore it describes the new technologies, which
are planned to be employed at wells in Romania.

4.1 Sucker rod pumping

Sucker rod pumps are downhole pumps which are used to lift reservoir fluids to the
surface. They increase the productivity of the well by reducing the pressure at the
bottom of the well, the so-called bottomhole flowing pressure. The pumps act by
increasing the pressure at the bottom of the tubing to lift the production medium to
the surface. Two types of pumps are used, which are the positive displacement
pumps and the dynamic displacement pumps. Sucker rod pumps belong to the
group of positive displacement pumps.*’

4.1.1 Components of a sucker rod pump unit

The main components of a sucker rod pumping unit are the prime mover, the V-
Belt, the gear reducer, the crank with the attached counterweight, the pitman, the
walking beam, the horse head, the Sampson post, the bridle, the polished rod, the
stuffing box, the casing, the tubing, the sucker rod string and the downhole pump.
Fig. 4-1 shows a well equipped with a sucker rod pump unit.*8

4 Cf. Economides/Hill/Ehlig-Economides (1994), p.551 et sqq.
“8 Cf. Economides/Hill/Ehlig-Economides (1994), p.553 et sq.

20



Description of sucker rod pumping and new technologies

Fig. 4-1 Sucker rod pumped well*®
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The drive unit of a sucker rod pumping unit consists of three components. The first
component is the prime mover which supplies power to the pumping unit system.
The prime mover can be an electrical motor, a diesel engine or an internal
combustion gas engine. The second part is the V-belt which is a transmission unit
between the prime mover and the gear reducer. The gear reducer is the third
component of the drive unit. The gear reducer reduces the high speed of the motor
to the lower operating speed of the pumping unit. The crank translates this rotating
motion into a reciprocating motion of the polished rod. The translation is fulfilled
by the pitman and walking beam with the attached horse head as shown in Fig. 4-1.
The crank arms with the attached counterweights even out the load on the drive
unit. They do this by absorbing the energy during a downward stroke and releasing
the energy during an upward stroke. The polished rod is on the upper side
connected to the horse head by the so-called bridle. The polished rod has a polished
surface and is connected on the lower side to the sucker rods below the stuffing
box. The stuffing box contains packing elements. These elements form a seal with
the polished rod. This prevents oil from spilling out of the top of the well. The
Sampson post is a support for the walking beam. The subsurface equipment
consists of the casing outside, the tubing, the sucker rod string inside the tubing and
the downhole pump. The space between the casing and the tubing is called the
annulus.*’

“® From Economides/Hill/Ehlig-Economides (1994), p.554.
% Cf. Kessler (2003) p.112 et sqq.
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4.1.2 Pumping process

A downhole pump consists of two parts, a barrel and a plunger. Sucker rod pumps
have the same mode of function like piston pumps.>! The barrel has a ball-and-seat
check valve at its bottom. This valve is called standing valve. The plunger contains
another ball-and-seat check valve, the traveling valve.>? Fig. 4-2 shows the sequence
of a pumping process carried out by a sucker rod pump.

Fig. 4-2 Pumping process of a sucker rod pump>>
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The pumping process starts with a downward movement of the plunger. During
this downward movement the traveling valve opens, the standing valve closes and
the production medium is displaced and pushed up into the tubing. While the
plunger moves downward, the total fluid load must be borne by the production
tubing. At the beginning of an upward movement the traveling valve closes. From
this moment on the whole fluid load is put on the sucker rod string. At the same
time the standing valve opens. During the upward movement of the plunger, the
barrel is filled again with fluid, until the plunger is in the top dead end position
again. This is followed by the downward movement of the plunger and the whole
procedure starts again.>*

4.1.3 Different types of sucker rod pumps

Generally three types of sucker rod pumps can be distinguished: Tubing pumps,
insert pumps and casing pumps.

Concerning tubing pumps the pump cylinder or barrel is an integrated component
of the production tubing-string. As a consequence the tubing pump must be
installed at the same time as the rest of the tubing. Compared to an insert pump of
the same tubing size, the production rate of a tubing pump is larger. Therefore the

®' Cf. Kessler (2003) p.110.

%2 Cf. Economides/Hill/Ehlig-Economides (1994), p.553.
% From Economides/Hill/Ehlig-Economides (1994), p.555.
% Cf. Kessler (2003) p.110.
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production rate is higher than that of the tubing pump. These pumps are used for
medium production rates.>

Insert pumps are inserted into the sucker rod string. Two types of insert pumps can
be distinguished. One type has a fixed cylinder, this type is the so-called stationary
barrel insert pump and the other type has a moving cylinder and is the so-called
traveling barrel insert pump.>® Casing pumps are not used in OMV operated fields
in Romania.>’

4.2 Corrosion inhibitor

Generally corrosion is an electrochemical reaction of a metal or an alloy with its
environment, which causes a deterioration of the material and destroys the structure
of the metal or alloy.>® The corrosion is measured in millimeter per year or milli-inch
per year. 1 milli-inch conforms to 0.0254 millimeter. The threshold value or limit for
corrosion is at 0.05 millimeter per year or 2 milli-inches per year.

A corrosion inhibitor is a chemical compound, which is added to a fluid system in
rather small concentration to prevent or slow down the corrosion of a material,
which is in contact with the fluid system. Inhibitors are widely used in production
oil and gas wells. Corrosion inhibitors are used during the production to control the
effect of the corrosion of steel and salt water, oil or hydrogen sulfide.”

In most cases, corrosion inhibitors are the most economic and most reliable way of
corrosion control. The inhibitor concentration in which it is supposed to be added
in Romania is approximately 35 ppm.®°

In wells that are rod pumped the abrasion of the rods on the tubing also requires
lubricating properties of the inhibitor film. It is also possible that air enters through
the annulus of a well, and so the inhibitor must not lose its function in the presence
of oxygen.°!

Corrosion occurs almost anywhere in the production system, such as for example in
downhole installations, in the surface lines and in the surface equipment. The rate of
corrosion varies with time, depending on the particular conditions of the oilfield and
pressure variations.%?

The following procedure is carried out to inhibit the corrosion of a well: The
inhibitor is injected by inhibitor treatment pumps into the annulus. Then it moves
down to the pump, because of the higher specific gravity than the production
medium and afterwards it is reproduced again through the tubing.

% Cf. Kessler (2003) p.110 et sq.

% Cf. Kessler (2003) p.111 et sq.

®7 According to statements of experts.
% Cf. www.corrosionsource.com

% Cf. www.glossary.oilfield.slb.com

8 According to statements of experts.
¢ Cf. Clubley (1990), p.23.

62 Cf. www.glossary.oilfield.slb.com
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OMYV intends to equip a certain number of wells with inhibitor treatment pumps to
inhibit these wells. The planned employment of the corrosion inhibitor is described
in detail in chapter 5.

4.3 Thermoplastic tubular liners

For oil production wells which are equipped with beam pumps, thermoplastic
tubular liners provide a long term protection on the inner diameter surface of the
tubing. This is necessary to prevent wear which can be caused by either
reciprocating or rotating rod action. The tubing failure is often the result of a
synergistic effect of zwo processes: The first one is caused by the rods which are
wearing along the tubing wall. This constant wear removes the protective passive
film which was built on the tubing surface. This process is coupled with a second one
which is the electrochemical attack of the surrounding environment, also known as
corrosion.%3

As wear is the main reason for tubing failure drastic reductions in operation costs
can be achieved firstly by eliminating the wear which is caused by the rods on the
inner surface of the tubing and secondly by reducing corrosion of the inner surface
of the tubing. As will be explained in great detail in this thesis, the savings are being
realized in the form of increased tubing life, less interventions, increased
production, higher revenues and therefore higher profits for the following years.

There is also the possibility to apply the liners in used tubings, because it requires
only minimal preparation. The benefits are realized even in highly deviated and
doglegged wells. Thermoplastic tubular liners are nearly abrasion resistant and inert
to chemicals, which are used to eliminate problems, which were caused by wireline
damage, chemical treatments and acidizing.%*

The lining procedure is carried out in the following manner. At first the
thermoplastic tubular liner has to be sized for the various dimensional tolerances, so
that it can be installed in the carbon steel tubulars. For that purpose, after
manufacturing, it is reduced to the inner diameter of the API steel tubulars, which
are already threaded and coupled. If there is no accumulation of scale or paraffin on
the internal surface caused during previous services, no blasting or cleaning service
of the tubing inner surface has to be carried out. After the thermoplastic liner is
inserted into the tubing it expands and conforms to the contours of the internal
surface of the pipe. An excess of liner material extends from both ends of the pipe.
This liner material is then heated and formed in a way that it covers both ends of
the tubing. The result of this procedure is a seamless, continuous thermoplastic
lining in every part of the tubing.6>

To prevent imperfections, the threads are visually inspected on the tubing as well as
on the couplings. This effort is carried out to maximize the reusability of the steel

6 Cf. Davis (2003), p.1 et sq.
& www.westernfalcon.com
%% Cf. Davis (2003), p.2.
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tubulars. An API ring gauge is also used to inspect the tube threads and an API plug
gauge is used to evaluate the couplings. In the case that the threads do not fit with
the API criteria, it does not require great costs to repair them. With this process the
tubing connections should be prevented to be a premature failure point, and it also
guarantees the longevity of the lined tubing. The aim of this whole lining procedure
is to make the steel tubing a completely reusable element and to make sure that you
do not need any replacement, as long as you do not have unusual conditions such as
improper handling, misuse or external corrosion.®

Two examples from different regions in the wotld show the significant effect of the
employment of thermoplastic tubular liners on the tubing runtime. The first
example is the application of lined tubings in the South eastern Permian Basin. This
sedimentary basin is located in the western part of Texas, U.S.A. Before the lined
tubings had been installed the average tubing life was 110 days. Then seventeen
production wells were completed with lined tubings. The depths of these wells
ranged between 2,800 and 3,000 feet. Afterwards the annual workover frequency,
which includes workovers due to all failures not just tubing failures, was reduced
from 4.3 workovers per well before installation to 0.59 workovers per well after the
installation. The tubing related workovers could be increased from before 110 days
to an average run time of approximately 3,500 days, as it is shown in Fig. 4-3. The
last well on the chart with the name CM221 was shut-in due to low production
rates, so it was excluded from the study.®’

% Cf. Davis (2003), p.2 et sq.
%7 Cf. Davis (2003), p.3.
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Fig. 4-3 Tubing Runlife before and after lined tubing installation®®
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The second example refers to a well in Romania named 805 Moreni. Fig. 4-4 shows
the failure frequency of the well before thermoplastic tubular liners were installed.
In comparison with this situation Fig. 4-5 shows the failure frequency of the well
after the installation of the lined tubings. The charts distinguish between two types
of failures: tubing failures and sucker rod failures, which also include pump failures.
On the chart the tubing failures are shown in blue color and the sucker rod failures
are shown in red color.%?

% From Davis (2003), p.6.
% Cf. Dumitru (20086), p.13.
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Fig. 4-4 Failure frequency before usage of thermoplastic tubular liners’®
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The charts show that after the installation of thermoplastic tubular liners the tubing
failures could be reduced from 24 during the time period of September 2004 to
September 2005 to a failure frequency of 0 during the time period of September
2005 to September 2006. The charts also show that the sucker rod failures could be
reduced from 13 during the time period of September 2004 to September 2005 to a
failure frequency 2 during the time period of September 2005 to September 2006.
The thermoplastic tubular liners also influence the sucker rod failure frequency,
because they reduce the wear of the sucker rods along the tubing wall. Due to these
actions the average runtime of sucker rod pumped wells in Romania could be
increased to 600 days until the end of April 2007.

These figures show that a significantly high intervention frequency reduction can be
achieved by the employment of thermoplastic tubular liners. For this reason OMV
plans to equip a certain percentage of wells with this technology. The planned
employment of the thermoplastic tubular liners is explained in detail in chapter 5.

" From Dumitru (2006), p.13.
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Fig. 4-5 Failure frequency after usage of thermoplastic tubular liners’'
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4.4 Wall thickness survey

The wall thickness survey is carried out with the Tubing Vetcoscope C. This is a
fully computerized tubing inspection system, which has also been proven in the
field. It inspects tubular goods for transversely oriented defects and pitting
corrosion by means of the electromagnetic stray flux leakage method. It also detects
‘Even wear and Rod wear’ by measuring wall thickness by using gamma radiation
which penetrates the walls. The tubing dimensions which can be used for the system
range from 1.66 inch to 3.5 inch. The pipe ends have to be inspected manually
before or after the Electro-Magnetic Inspection and the Gamma through wall
radiation.”?

™ From Dumitru (2006), p.13.
72 Cf. Tuboscope Vetco (2005), p.2.
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4.4.1 Electromagnetic Inspection (EMI)

The EMI unit is used for the detection and location of defects in seamless pipes.
After loading the pipes from the pipe rack, they are centralized and two pinch roller
systems drive the pipe through the inspection system. By using the electromagnetic
stray flux leakage method, defects in the pipe are detected. This method is based on
the magnetization of the pipe by a magnetic DC field in longitudinal direction.
Defects in the pipe cut the field lines and cause a flux leakage. This flux leakage
induces a signal voltage in the sensors, which are encircling the pipe. The amplitude
of the signal depends on the form of the defect, the degree and the velocity of the
magnetization. The results of the EMI inspection are displayed on a VGA color
monitor.”3

4.4.2 Wall thickness measuring system (WTS)

The wall thickness radiation system consists of a gamma radiation source and a
scintillation counter opposite. These devices are placed in a rotating head. The head
rotates at a constant number of revolutions per minute, while the inspected pipe is
driven through it. This procedure leads to a helical scanning of the pipe.”

The source emits gamma rays which penetrate both pipe walls. The scintillator on
the opposite side measures the absorption of the gamma rays. Wall thicknesses from
2.6 mm to 15 mm can be measured with this system. Taking even wear into account
the accuracy of the measurement is 0.2 mm. Rod wear which is larger than 15%
from the nominal wall thickness can be detected and classified into a maximum of

five rod wear groups. These rod wear groups are often chosen between 0 — 15%,
15%-30%, 30%-50%, 50%-75% and larger than 75%.7>

After the measurement, the pipes are marked with three different colors, which are
white, blue and red. A pipe which shows a wear of maximal 30% can still be used
and is marked with white color. A pipe with a wear between 30% and 50% is
restricted serviceable and is marked with blue color. Pipes which are marked with
red color have a wear of greater than 50% and have to be taken out of service.”®

OMV intends to introduce the wall thickness survey in Romania to identify the
tubings which can still be used. The planned employment of the wall thickness
survey is described in detail in chapter 5.

73 Cf. Tuboscope Vetco (2005), p.4.

™ Cf. Tuboscope Vetco (2005), p.4.

75 Cf. Tuboscope Vetco (2005), p.4 et sq.
"® According to statements of experts.
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5 The calculation model

5.1 General information

The calculation model of this thesis was created to calculate the savings and the
production increase due to a lower number of interventions per year at sucker rod
pumped wells in Romania. The model refers to the 7,579 sucker rod pumped wells
in Romania. The time period of the model is 5 years. It was calculated for an oil
price of $60, which was varied between $20 and $100 during the Monte Carlo

Simulation.

The savings can be more accurately described as the difference in the net present
value of the current situation and the planned situation in Romania. That means that
in the model, the net present value is once calculated assuming an intervention
frequency of 10 for the next five years and then it is evaluated for an assumed,
decreased number of interventions per year. The difference of these net present
values shows then the savings that could be realized by the introduction of different
planned actions in Romania.

A production increase can also be realized by decreasing the number of
interventions per year, because less interventions means more production time and
hence a production increase for the wells which are affected by the planned future
actions. As already mentioned, this decreased intervention frequency was realized by
the usage of new materials and the employment of new technologies.

The new material which is planned to be installed in Romania includes new grade J-
55 tubings, new grade D special sucker rod strings, with spray metal couplings, which
are a mechanical devise to connect the single parts of the sucker rod string, as well
as protectors for the sucker rod strings. The protectors are used to centralize the
sucker rod string in the well.

The new technologies, which OMV plans to introduce in Romania, are the
employment of corrosion inhibitors, thermoplastic tubular liners and the
introduction of a wall thickness survey. The intervention frequency decrease from
the actual frequency of 10 interventions per year to certain values in the next years
for each planned action was assumed very conservatively to guarantee realistic
outputs of the calculation model. The savings and production increases are
calculated for three different planned actions. Additionally for each of the planned
actions three cases have been calculated — a best case, a worst case and a most
realistic case — referring to the realization of the actions according to logistics and
deliverability.

The first planned action is the installation of new tubing material at a certain
percentage per year. This percentage differs for the best, the worst and the most
realistic cases. The new tubing material is also equipped with thermoplastic tubular
liners to increase their durability. Concerning the old equipment a wall thickness
survey is carried out to find the tubings which can still be used, and therefore
installed in other wells. That means that for the wells which are affected by the

30



The calculation model

tubing exchange the complete tubing string has been exchanged with new material

in the model, because no one is able to predict the number of tubings which can still
be used.

The second planned action is to install new sucker rod strings at a certain percentage
per year. Again, this percentage is differentially chosen for the best, the worst and
the most realistic cases. They are also not built in by exchanging just the broken
parts of the well, but the new sucker rod string material is installed by exchanging
complete sucker rod strings. Every new rod is also equipped with three new rod
guides to centralize the sucker rod string. Additionally every newly installed sucker
rod string is also equipped with a repaired sucker rod pump.

The third planned action concerns the employment of corrosion inhibitor for a
certain number of wells. It includes the installation of a certain number of inhibitor
treatment pumps per year and the purchase of the corrosion inhibitor. The number
of inhibitor treatment pumps was again varied to display a best, worst and most
realistic case.

On the basis of the preceding three planned actions, a fourth case was calculated,
which combines the three most realistic cases. The fourth case considers the
purchase of the materials for all of the most realistic cases and shows how the
savings and production increases can be realized by an assumed intervention
frequency decrease for the entire 7,579 sucker rod pumped wells.

5.2 Description of intervention basic data

The basic data concerning interventions have been used as input data for calculation
of the annual production increase, annual revenues and annual savings due to the
reduced number of interventions. They have been calculated in the same way for all
planned future actions.

The necessary basic data to calculate the annual savings and the annual production
increase due to the employment of new technologies include:

e the total number of wells in Romania,

e the number of sucker rod pumped wells,

e the average costs of an intervention,

e the actual average number of interventions per year,
e the average intervention duration,

e the total oil production per day,

e the assumed intervention frequency decrease for each calculated case
and

e the crude oil price.
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During the creation of the thesis, the crude oil price ranged between $55 and $65
per bbl. For this reason the crude oil price has been assumed as $60 per bbl for the
model and during the simulation it was varied between $20 and $100. 1 Dollar has
been converted to 1 Euro by a factor of 0.75. That means 1 Dollar is equal to 0.75
Euro.

If a failure occurs at a sucker rod pumped well, it usually takes some time until the
repair process for this sucker rod pumping unit begins. This ‘waiting time’ of a well
for an intervention is the so-called dead time until an intervention takes place. This
dead time differs for each well and strongly depends on the production rate of a
certain well. That means that a well with a significantly high production rate of, for
example, 15 tons per day has a lower dead time than one with a low production rate
of, for example, 0.5 tons per day. Due to the fact that it is very difficult to consider
all these different dead times in a theoretical calculation model an average
weighted dead time of 6 days per well has been chosen for the model. That
means that in the model it is assumed that after a failure occurs, the average well
stands latent for 6 days, until an intervention is carried out.

Another important aspect that has to be taken into account is the fact that, after an
intervention, it takes a well some time to reach 100% of its usual production again.
According to statements of experts, a well produces on average 15% less oil during
this start-up time than during the normal production time. For the calculation
model an average start up time of 14 days was assumed. Consequently, in these 14
days an average well produces 15% less than normal, which means an average
production loss of 15% during these 14 days. For a better understanding, all the
input data for the calculation of the annual savings and the annual production
increases, which are written above in bold are listed again on Tab. 5-1. With the
exception of the total oil production per year, which is displayed on Tab. 5-3 and
the assumed intervention frequency decrease for each calculated case, which are
represented in subsequent chapters.

Tab. 5-1 Input data for the calculations of annual savings and production increase due to the
employment of new technologies

Total number of wells in 9,540 [ ]
Romania
Number of sucker rod 7,579 ]
pumped wells
Ave.rage COSt.S of an 2,271.20 [Euro/intervention]
intervention
Actual average number of
interventionsper well per 10 [Interventions/yeat]
year
Average mtgventmn 273 (hours]
duration
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Crude oil price 60 3]

Average weighted dead

time of a well

6 [days]

Average time until 100%
of the production are 14 [days]

reached again

Average production losses

0
due to start up effect 15 []

The total number of 9,540 wells in Romania and the number of sucker rod pumped
wells have already been mentioned in preceding chapters.

The average costs of 2,271.20 Euro per intervention have been calculated, as also
already mentioned in the introduction of the thesis by evaluating the average
intervention costs of eight operating regions in Romania. These eight operating
regions are unit Ticleni, unit Craiova, unit Suplac, unit Arad, unit Zemes, unit
Moinesti, unit Braila and unit Petromar. For the thesis the following data of these
regions were available:

e the average time period between two interventions in days
e the average duration of an intervention in hours and

e the average costs of an intervention in RON.

The currency RON has been converted to Euro by a factor of 0.28, because 1 RON
is equal to 0.28 Euro. All these data are shown on Tab. 5-2. By using these data the
average number per interventions per well per year, average duration and the
average costs of an intervention in Romania have been calculated.

The average number of interventions per well per year has been calculated by
summing up the given time periods between two consecutive interventions, creating
the average of them and dividing 365 by this average. The given time periods
between two consecutive interventions last from the end of one intervention to the
end of the next intervention. That means that they include the production time, the
dead time and the intervention time. This calculation has led to the actual
intervention frequency of 10 intervention per year per well.

The average duration of an intervention in Romania has again been calculated by
summing up the given durations of interventions in different regions and averaging
them. The average costs have been calculated in the same manner. Afterwards the
costs in RON have been converted to Euro.
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Tab. 5-2 Intervention data from different regions in Romania’’

Rieginn name Average e period Betaeen 2 interaentiens | dverage dursdon of an imesrvention dvarge costs of an infervention
[dmys] [ haurs] [FEO8] [Eura]
LInk Ticken| 0 Fal ] SMER 14TRA
Unil Grainya IR0 Wik 11.78%E 13804
Lrit Bupls: 1EL 141 LI0Lh 13080
Unk drad fir.0 T AHED 1.041.0
Unii Zrmes e £ 1HER Hil
Unit Mainest MR £l 1084 il
Lnk Bralla * 1000m Ha 11.0ME f.AL00
Lnk Brails < 1.000m .z 15500 L0n
Mnk Peiromar oo oo .0 0
Bum: FREN| 1130 fid B85 1E108.3
Ayerage: 1 i) 21113 272
Averngs numbsr of Imervendonsiveliyear; .

The Romanian oil production is characterized by an annual decline of 10%.
Consequently the daily production is also reduced by 10% per year, as it is

represented on Tab. 5-3.

Tab. 5-3 Production forecast with a decline of 10% for the next five years

Myar |

| cumemt |

1*year

Flyowr |

A"yuar
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5.2.1 Total production losses caused by an intervention

S48 8T

Based on all these data the production losses due to one single intervention
including dead time, intervention time and start up time have been evaluated, as it is
displayed on Tab. 5-4. These total production losses caused by one intervention are
also necessary for the calculation of annual savings and the production increase due
to the employment of new technologies.

Tab. 5-4 Calculation table of intervention basic data

INTERVENTION BASK: DATA Current i*year year ¥year 4tyear i*year
Tt ol preduction'day [eedidey] B0 ELTL 1350 G174 §LIT.30 Has
Total ol product oniday [reedidsy 11.847.50 1141843 1,704 B2 B.JM.3E 1A
Rverige presdhucon ratedaytwel [bbiday] BI5 B.i7 70 i 4l &8
Lk fan o 133 110 108 047 i.E L]
Aierage interventin duratan |days] 1.00 100 10 10 108 1.00
Froductan ks due 1o mervintion o] 133 1.0 108 047 & L]
el timie of @ well umiil an infir. [ays) EOD 0 B0 B0 0] BOD
Froducton kases dug to dwel dme [rans] T.08 AL BAG bl | 41
Time untll 104% & the productien aré reachid [days] .00 14,00 .00 140 14, .00
Prigiion j055es due i e san up e [ 15,00% 1800% 1800% 1800% 15,00% 15.00%
Praducion insss @t o 0 sar op et flons] i FL| L6 14 11 165
Priod kedaid pir will idwelHmervendan St up time) o] 110 1.8 ] B4i 7. AL
Tl ol présducion o sucker rod pumped welks flonsidn] | 10.070.58 BOTEd (AL 140 BA1321 Sa
Total o preduction of sucker rod pamped welts [bbiday] TLHLY B4 B G50 B3.560,05 4047458 L8N

7 On the tables of the thesis the decimal places are marked with a comma and the thousands places are marked with a

point
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In the first row of this table the years of the calculation model are shown. The first
column represents the necessary data to calculate the production losses resulting
from an intervention.

The second and the third row of the table show the total Romanian oil production
per day in bbl and in metric tons. The calculation model uses a factor of 7.33 to
convert metric tons to bbl. That means that 1 metric ton equals to 7.33 bbl.

The next step in the calculation is to evaluate the average production rate per day
per well. This has been done by dividing the total oil production rate per day by the
total number of wells in Romania, because the total oil production per day refers to
all wells and not only to the sucker rod pumped wells. The average production rate
has been calculated in bbl per day, shown in the third row of the table, and in tons
per day, shown in the fourth row.

During one intervention procedure three types of losses must be distinguished:
® Production losses due to the intervention itself
® Production losses during the dead time

® Production losses during the start up time, until the production
reaches again 100%.

The production losses during the intervention time can be calculated by multiplying
the average production rate per day per well and average duration of an
intervention. The average duration of an intervention is 27.3 hours, as it displayed
on Tab. 5-2. This value has been rounded in the calculation to 1 day. The
production losses during the average intervention time of one day in tons are
displayed for all years in the seventh row of the table.

In the same manner, that means that by multiplying the average production rate per
day per well with the average weighted dead time of a well, the production losses
during the dead time, which is the time an average well ‘waits’ for an intervention,
have been calculated. The results in tons are shown in the ninth row of the Tab. 5-4.
As already explained the start up effect after an intervention causes a reduced
production for several days. The production losses due to this start up effect have
been calculated as the product of

e the average production rate per day per well,

e the average time of 14 days until 100% of the production are reached
again and

e the production loss in percent due the start up effect, which is ~15%.

The results are given in tons in the twelfth row of the table. The total production
losses due to one single intervention including dead time, intervention time and
start up time have then been evaluated by simply adding up the production losses
during the intervention, during the dead time and during the start up time. These

total production losses per well are given again in tons in the thirteenth row of the
table.
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In the last two rows of Tab. 5-4, the total oil production of sucker rod pumped
wells in bbl and in tons is shown. This total oil production is the product of the
average production rate per day per well and the number of sucker rod pumped
wells for each year of the calculation.

5.2.2 Annual revenues for a constant intervention frequency

The next step of the calculation is to evaluate the annual revenues from the oil
production under the assumption that nothing would be changed and the annual
intervention frequency would remain at 10 interventions per year. Tab. 5-5 displays
these annual revenues, which have been calculated by multiplying the annual oil
production of sucker rod pumped wells in bbl by the actual crude oil price in Euro.
The annual oil production was evaluated by multiplying the total oil production of
the sucker rod pumped wells per day, which is displayed on Tab. 5-4, with the factor
365. The crude oil price cannot be assumed as a static value for the whole time
period of the calculation model. For this reason the variability of the crude oil price
was considered during the Monte Carlo Simulation.

Tab. 5-5 Annual revenues for 7,579 sucker rod pumped wells at an intervention frequency of 10
interventions per year.

Year before 1 year 1year year 3year $Fyear §year

Number of interventions/welliyear 10 10 10 10 10 10

Annual oil production of sucker
rod pumped wells [bbliyear] 26,967 416,67 24.270.675,00 2184360750 | 19.659.246,75 | 17.693.32208 | 1592398987

Réverilie [Euralyear] 1.213.533.730,00 € | 1.092.180.375.00 € | 982.962.337,50 € | 884.666.102.75 ¢ | 706.109.403,38 € | 716.570.544,04 €

As already mentioned the annual cash flows of a long term investment are calculated
as the difference between the annual revenues and the annual costs for the
investment. The revenues assuming 10 interventions per year have already been
calculated. Considering this scenario, no new material is bought. That means that
for this scenario the investment costs are zero. Consequently the annual revenues
are equal to the annual cash flows.

5.3 Corrosion Inhibitor

For the calculation of the savings and the production increase a certain reduction of
the intervention frequency due to the employment of corrosion inhibitors has been
assumed. Different tables have been created for the best, the worst and the most
realistic cases. The assumed best case is shown on Tab. 5-6.
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Tab. 5-6 Development of the intervention frequencies due to corrosion inhibitor employment in

the best case

Mumber of pumps 1*year 2"year ¥ywar ol ywr
2500 15 & & i i
2500 10 T4 & & 4
Z25TH 10 10 10 10 10

Concerning the best case of corrosion inhibitor employment, 2,500 inhibitor
treatment pumps are installed in the first year and another 2,500 pumps are installed
in the second year. The first row of the Tab. 5-6 shows the years of the calculation
model and the first column represents the annually installed inhibitor treatment
pumps. The other cells of the table show the assumed reduced number of
interventions per well per year due to the employment of corrosion inhibitor.

Tab. 5-6 displays that in the best case 2,500 inhibitor treatment pumps are installed
in the first year. For these 2,500 wells an intervention frequency of 7.5 interventions
per well per year is assumed in the first year of installation. Generally, not all 2,500
wells can be equipped at the same time, and so the assumed intervention frequency
in the first year is higher than in the following years. The other 5,079 wells are not
affected by the installation of inhibitor pumps in the first year, and so their
frequency of interventions still remains at 10 interventions per well per year as can
be seen in the second column of the table. For the wells which are equipped with
inhibitor treatment pumps in the first year the intervention frequency reduces to 5
interventions per well per year in the second year and to 4 interventions per well per

year in the fourth year. This development can be observed in the second row of the
table.

In the second year, an additional 2,500 pumps are installed, which reduces the
intervention frequency of these wells to 7.5 in the second year. The frequency of
interventions for these 2,500 wells has, starting from the second year, the same
development as the intervention frequency of the 2,500 wells which were equipped
in the first year. This fact can be seen in the third row of Tab. 5-6. Concerning the
best case altogether 5,000 wells are equipped with inhibitor treatment pumps and
the installation is finished after the second year. Consequently 2,579 wells are not
equipped with inhibitor pumps and their intervention frequency keeps on 10
interventions per well per year.

The worst case considers that only 500 inhibitor treatment pumps are installed per
year and so after the fifth year 2,500 pumps would be installed. The assumed
intervention frequency decrease for the worst case is displayed on Tab. 5-7.

Tab. 5-7 Development of the intervention frequencies due to corrosion inhibitor employment in
the worst case

Humber of pumps 1*year year 3 year 4"year 8™ year
&og 15 & 5 4 d
&oj 16 75 & & 4
500 L 10 75 & ]
500 L 10 10 T5 ]
500 gL 10 10 10 75
E079 16 10 10 10 1
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The scheme of the table for the worst case is the same as for the best case. Its first
row also shows the years of the calculation model and the first column represents
the number of installed inhibitor pumps. The development of the intervention
frequencies is also the same, but with the difference that in the first year just 500
wells are equipped with the pumps, and so the intervention frequency in the first
year can only be reduced to 7.5 for 500 wells. For these wells the number of
interventions decreases again from 7.5 to 5 in the second year and from 5 to 4 in the
tourth year.

The development of the intervention frequency for other wells which are later
equipped with the pumps is the same. But with a delay of, for example, one year if
they are equipped with the pumps in the second year, or with a delay of four years if
they are equipped in the fifth year, as it is displayed on Tab. 5-7. The number of
interventions per well per year stays at 10 until the installation is fulfilled.

In the worst case 5,079 wells are not affected by the installation of inhibitor
treatment pumps, therefore their intervention frequency always remains at 10 per
well per year. Tab. 5-8, which represents the intervention frequencies for the most
realistic case, has exactly the same structure as the two preceding tables, but with the
difference that in the assumed realistic case 1,000 pumps are installed in the first
year, 2,000 pumps are installed in second year and another 2,000 pumps are installed
in the third year.

Tab. 5-8 Development of the intervention frequencies due to corrosion inhibitor employment in
the most realistic case

Humber of pumps 1*year " ywar ymar A"year B ywar
1.000 4] & & 4 4
2000 10 1] & i 4
2000 10 a1 [ 5 5
0 10 a1 10 ] 5
g 10 g1 10 g1 [
1879 10 i1 10 i1 i1

This table in the calculation model is able to be changed to any other desired
numbers of pumps installed in every one of the five years. That is the reason why
there are an additional two rows, the fifth and the sixth, with zero pumps installed.
As long as this numbers are zero the rows have no influence on the calculation
model. If they are changed to any other desired number of pumps, that should be
installed in the fourth or fifth year, the model automatically considers these changes.

The number of unaffected wells is the same as for the best case. The difference
from the best case is that in the most realistic case a lower number of pumps is
installed per year. That means that the installation of the 5,000 pumps lasts longer,
namely 3 instead of 2 years, and consequently the decrease of the intervention
frequency for all of the 5,000 wells occurs more slowly.

These three tables are the starting point and basis of the calculations for the
employment of corrosion inhibitor. Based on these assumed intervention
frequencies, the capital expenditures and the operating expenditures for the

38



The calculation model

corrosion inhibitor employment have been calculated, as well as the savings and the
production increase due to the lower number of interventions per year.

5.3.1 Costs of the corrosion inhibitor

The necessary data to calculate the capital expenditures, the so called capex, and the
operating expenditures, the so called opex, are the price of the corrosion inhibitor
per liter, the dosage of the corrosion inhibitor per liter, the total oil production per
day for all 9,540 wells in Romania, the water cut, which is the fraction of the
produced water to the produced oil, the inhibitor treatment pump skid price and the
number of installed inhibitor treatment pumps. All these data are based on the
advice of experts. These data are listed on Tab. 5-9.

Tab. 5-9 Necessary data to calculate the capex and opex of the corrosion inhibitor employment

Inhibitor price 2.5 [Euro/litet]
Dosage 35 [ppm]
) . 93,000 (with annual
Total oil production /day decline of 10%) [bbl/day]
Water cut 70 [%%0]
Inhibitor treatment skid .
(pump) price 5,000 [Euro/skid]
5,000 (2,500, 2,500, 0; 0; 0) Best case
2,500 (500; 5005 500; 5005
) Worst case
Number of installed 500)
pumps
5,000(1,000; 2,000; 2,000; .
0; 0) Most realistic case
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Tab. 5-10 Best case calculation of the capex and opex for the corrosion inhibitor

BEST CASE| Year bufore 1 year Myear year year 4"yar &"ygar
It ar e alrand pUmBEyeAr 2500 2500
Capex/year.| 12.500.000.00 € 12.500.000,00 €
Total number of pumps: 2500 & 00 £000 E000 E,000
[hibited fraction: 05 nE 08 08 i}
inhibited volume of oll [ob¥day] aTie1d B5497 5 S0847 3 #5.7530 a1, 1887
Inhibied valume of waber [bbdday] {08856 3 18T s 1186448 106.780 3 86,1022
inhibited fotal volume [bb¥day] 18E551 8 1883060 1EAGEE 1B E43A 1372888
Inhititor valume [bbiiday) 55 66 58 53 48
inhibitor volume [Eeriday] B34 10480 8432 Bdad TE0
Ieihibitas Vol [libetyedd] FETTEA JE2 5304 44 27T 4 308 5407 27884 7
inhibitor costalday: 218338 ¢ JE0ATE 43506 ¢ PAFsFAd 1ai00at
Mainisnance. 1 25000000 £ 2 50000000 € 250000000 € 2 500 000,00 € 250000000 €
Opexlyear: 204683843 ¢ | 45072612 € | 336060351 € | J2T46MA6C | JI0T. 46174 €

Tab. 5-10 displays the calculation of the capex and opex for the corrosion inhibitor
in the best case. As already mentioned 2,500 pumps are installed in the first year and
in the second year in the best case. The first row of the table shows the years of the
calculation and the first column shows the necessary calculation steps to evaluate
the capex and the opex.

The capex always have to be spent in the year before the installation of the pumps
takes place. That means that the 2,500 pumps which are installed in the first year
have to be bought at the beginning of every year respectively at the end of the year
before. In the same manner the 2,500 pumps that are installed in the second year
have to be bought in the first year.

As Tab. 5-9 shows, the costs for an inhibitor treatment pump are 5,000 Euro.
Consequently the capex for 2,500 pumps installed in the first year and 2,500 pumps
installed in the second year amount to 12.500,000.00 Euro in the year before the
first installation and 12.500,000.00 Euro in the end of the first year. These figures
are shown in the third row of the table.

The fourth row represents the number of installed inhibitor treatment pumps. In
Romania, about 30% of the 9,540 wells produce two thirds of the total production.
This fact is displayed on Fig. 5-1 which shows the inhibition percentage of the total
production versus the number of installed pumps. This chart was created in Excel®
by constructing three estimated points and then approaching these points by a
curve. The curve was created by polynomial regression. The input data for the three
points are based on statements of experts. They assure that by installing 2,500
pumps it is possible to inhibit 60% of the total production and by installing 5,000
pumps it is possible to inhibit 80% of the total production. The reason for this non-
direct proportional development is that some wells have a much higher production
rate than others. The third point is based on the simple fact that by installing no
pumps 0% of the total production would be inhibited.
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Fig. 5-1 Inhibition percentage of the total production versus number of installed pumps
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The above curve is described by the following equation:
y=-3*%10""*x> +0.003*x +2*10'°

v = inhibition percentage of the total production

x = number of installed pumps

The fifth row of Tab. 5-10 shows the inhibited fraction of the total production due
to the already installed inhibitor treatment pumps. This fraction was calculated by
using the above equation.

The inhibited volume of oil in bbl per day is displayed in the sixth row of Tab. 5-10.
It was calculated for first year by multiplying the inhibited fraction of the total oil
production with the daily oil production. For the other years it was calculated after
the same procedure.

The seventh row of Tab. 5-10 shows the inhibited volume of water per day. It was
calculated for each year by using the following formula:

Inhibited volume of water = (Inhibited volume of oil * Water cut)/(1 - Water cut)
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The eighth row of Tab. 5-10 represents the inhibited volume in barrel per day for
each year which is the sum of the inhibited volume of oil per day and the inhibited
volume of water per day. The next row of the table displays the inhibitor volume in
bbl injected per day. It was calculated by multiplying the total inhibited volume per
day by 0.000035, which equals to 35 ppm. The tenth row shows this inhibitor
volume in liter per year, which has been calculated by multiplying the inhibitor
volume injected per day by 365.

The next row represents the inhibitor costs per day, which have been evaluated as
the product of the inhibitor volume injected in liters per day and the inhibitor price
per liter.

The maintenance of the inhibitor treatment pumps was also taken into account in
the calculation. According to experts from OMV, they amount to about 10% of the
already spent capex. So these maintenance costs have been calculated by multiplying
the already spent capex with 0.1. The results of these calculations for each year are
shown in the twelfth row of the table.

At the end the opex per year for the employment of the corrosion inhibitor have
been calculated. They have been evaluated by multiplying the injected inhibitor
volume per year with the inhibitor price per liter and adding to this product the
annual maintenance costs. The opex per year are represented in the last row of the
table.

The capex and opex for the worst and the most realistic cases have been calculated
in the same manner. The only difference in the calculations was the number of

installed inhibitor treatment pumps per year, as can be seen in the second row on
Tab. 5-11 and Tab. 5-12.

Tab. 5-11 Worst case calculation of the capex and opex for the corrosion inhibitor

WORST CASE| Year batore 1" year 1year Pymar ¥ yuar "y §"yoar
iAo traatiant pumplyear 500 £00. 500 500 B0 500
Capexiyear: 2.500.000.00 € 2500.00000€ | 2.500.000,00¢€ | 2.500.000.00€ | 2.500.000,00 € | 2.500.000.00
Total number of pumps: 800 1,000 1500 21000 2500
[Fhibsibed Fraction: 0 03 04 0 0
Inndodnd volume of ofl [obéiday] EFD 310 LR 20 Hgs0 01
inhibited volume of water [bbiday] T2 4745780 G508 82 BE330 38 T2076.64
Inhibited total volume [bb¥iday) BEIA £1797 00 Bi44118 greaT 68 102366 65
Inhibilor volumé [bbiday) i.30 FET| 03 342 360
inhibitor vonme [erioay] 2.2 mE 18108 MY 51301
Inhibitos valume [iterfyea) BOTEG 43 13710486 176681 40 188303.78 20914852
inhibitar costsiday: ARt a3 aae 120261¢ 135881 st
Mamnisnance. 25000000 € BO0000.00 € S00.000 00 € S00000 00 € S0pomI0 g
Opexlyear: A5180107€ | B4A27T40C | 03B.095360€ | 985./75046C | 1.022871.11(€
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Tab. 5-12 Most realistic case calculation of the capex and opex for the corrosion inhibitor

REALISTIC CASE| Year batore 1 yoar 1yuar yaar yuar "yaar §"vaar
hbdor resment pumpektar| 100 2000 2000 0 0 0
Capexiyear: 5.000.000.00 € 10.000.000,00 € | 10.000.000,00 € o . O
Total number of pumps: 1,000 3000 b 000 5,000 & 000
[Fibited Faction: g3 06 LT 1] 08
inhioted volume of ol [bbéiday) 055500 4748790 gad1 18 AlTEz 58 4118668
intiibited volume of water [bbiday] 8T 1073 0 11864475 106780 24 AE102 26
Inhibted total volume [bbiiday] 533000 18815300 155433 80 1584328 {3i8e.43
Inhibilor volume [bbilday] 264 h5d 563 B 4
inhibtor voRume [iterday] TH BE0.M Mz §48.90 164
Inhibito valuitne [iterlyead) 1531218 321326 58 W4T M 04543 66 JTBAE4.TD
inhabétor costs/day: 104803 ¢ 120086 ¢ LR 06 € Lkt 181003t
Maintsnance. 50000000 £ 150000000 € 1 50000000 € 1.500.000,00 € 1 50000000 €
Opexlyear: S0253045€ | 2303313 €| 2I6060351¢€ | 2274.624.16 € | 219716174 €

5.3.2 Production increase and intervention cost savings for the
best case

The next step of the calculation is the evaluation of the annual production increase,
annual revenues and annual intervention cost savings assuming a decreased
intervention frequency. They have been calculated for the assumed best, worst and
most realistic cases of the corrosion inhibitor employment. These annual revenues
must be higher, because a reduced number of interventions means more production
and hence more revenue. But the savings do not result from the increase in
production only, because fewer interventions also mean less intervention costs and
this fact leads to additional savings due to the reduced number of interventions. As
already mentioned in preceding chapters in the best case 5,000 inhibitor treatment
pumps are installed in the first two years of the calculation model, 2,500 pumps in
the first year and 2,500 pumps in the second year. The assumed development of the
intervention frequencies due to corrosion inhibitor employment in the best case is
displayed on Tab. 5-6. For the calculation of the annual revenues and the
intervention cost savings due to a reduced number of interventions per year, the
following procedure has been applied.

The annual production increase, annual revenues and the intervention cost savings
have been calculated at first for the 2,500 wells which are equipped in the first year,
then for the 2,500 wells equipped in the second year and afterwards for the 2,579
pumps which are not equipped with inhibitor treatment pumps. At the end of the
revenue calculations for the best case all three revenues and intervention cost
savings have been summed up to receive the total annual revenues and the total
intervention cost savings for the best case. Tab. 5-13 shows the calculation table of
the annual revenues and the annual savings due to the reduced number of
interventions for the 2,500 wells which are equipped in the first year. The first row
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represents again the years of the calculation model and the first column shows the
description of the necessary data for the calculation. The description of the
calculation is made for the first year. The annual production increases, annual
revenues and annual cost savings due to the reduced number of interventions for
the other four years have been calculated in the same manner.

Tab. 5-13 Annual production increase, annual revenues and annual intervention cost savings of
the 2,500 wells equipped with inhibitor treatment pumps in the first year.

Inhibtor (Best e3se) Ml | My e | |t

TGN A o e ISP
' '- T’F paame]  jimame]  nassse]  waimie)  amigne)
ol vl oot (oo | By . | saa!!al!ﬂﬁ:r m-.wﬂf I]”-'I#:;" EF'”M“" i”ﬁ.ruu.aqt

Poducten el vy ...,.l.uﬂ.[ L ‘imﬂl R N T
T“ r | g oL mfl EFH!EH] "'um
Tt st kessimfyaar | bbby QELIY.rA. !_ LI A1-RES He  aoes ErE ALY
'1 IFEILn Inq[ | 11 | T i | bt
ol o el i et T ST S S

T néml ey i
1uup3:|uumm:mrmm:. unqm,y e rﬂilq_i'rt}'l_mjll'_l?ﬂilﬂ“”"g_l_!_l.}j_!ljlll

q-wum-@guqr_nmumnqm%i;-_ :j':ll;,it ;I:_lllimtlt ]IJle}_‘#L!!II nlquuﬁn ummm_

The calculation of the following data was necessary to calculate the annual revenues
generated by the production and the annual savings of the 2,500 wells:

e annual intervention costs per well

e annual intervention costs for 7.5 interventions per well for all the 2,500
wells

e annual intervention costs for 10 interventions per well for all the 2,500
wells (old scenario)

e annual savings due to the reduced number of interventions
e annual production losses per well

e annual production losses of the 2,500 wells

e annual oil production of the 2,500 wells

e annual oil production of the old scenario

e annual production increase

e annual revenue
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At first, the annual intervention costs per well have been calculated. These costs
are the product of the assumed average number of interventions per well per year
and the average intervention costs of 2,271.20 Euro. For the first year the number
of interventions per well is, for example, 7.5 as it is displayed on Tab. 5-6. For the
other years these intervention costs have been calculated with other intervention

frequencies, which are also displayed on Tab. 5-6.

To calculate the annual intervention costs for 7.5 interventions per well for all
the 2,500 wells, the intervention costs per well have been multiplied by 2,500.
These total intervention costs per year are of course lower for 7.5 interventions per
well than they would be for the actual 10 interventions per well per year.

The next step is to calculate the annual intetrvention costs for 10 interventions
per well for all the 2,500 wells, which are displayed in the fifth row of the table.
The difference of the intervention costs for 10 interventions and for 7.5
interventions are the savings due to the reduced number of interventions. These
savings are shown in the last row of Tab. 5-13. These savings are just part of the
total savings that must not be mistaken with the total savings due to the
employment of a corrosion inhibitor, which are calculated as the difference in the
net present value of the old and the new scenarios. ‘New scenario’ means in this
context the scenario with the corrosion inhibitor employment and ‘old scenario’
means the scenario without any changes. In the first year, assuming a ‘new’
intervention frequency of 7.5 and an ‘old’ intervention frequency of 10 for the 2,500
wells, the intervention frequency would be reduced on average by 2.5 interventions
per well per year.

The next step is to compute the total production losses of all 2,500 wells in the
first year. At first the annual production losses per well have been calculated.
They are the total production losses caused by one intervention, including dead
time, intervention time and start up time, multiplied by 7.5 for the first year.

After that, this value has been multiplied by 2,500 to get the total production
losses of all 2,500 wells for the first year. The oil production of 93,000 bbl per day,
which was mentioned in preceding chapters, already takes into consideration these
production losses, and so they do not have to be subtracted from this number.

Then the total oil production of the 2,500 wells for the first year has been
calculated. It is the sum of the total oil production of the old scenario and the
annual production increase due to a lower number of interventions.

The total oil production of the old scenario for the first year is the average
production rate per well per day times 365 times 2,500. The production increase is
calculated as the product of the production losses per intervention per well, the

intervention frequency decrease of 2.5 and the number of wells, which are again
2,500.

The annual revenue for the first year has then been calculated as the product of
the total oil production of the 2,500 wells in the first year and the crude oil price in
Euro. They are listed at the end of Tab. 5-13 in Euro per year. As already
mentioned, the annual revenues for the other four years have been computed in the
same manner.
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The next step is the calculation of the revenues for the 2,500 wells equipped with
inhibitor treatment pumps in the second year and the calculation of the revenues for
the 2,579 wells which are not equipped with pumps.

The annual revenues generated by the production of the 2,500 wells equipped
in the second year have been calculated according to the same procedure, which
has been described in detail for the 2,500 pumps equipped in the first year.

Tab. 5-14 displays the calculation table of the annual revenues and the savings due
to the reduced number of interventions for the 2,500 wells which are equipped in
the second year.

Tab. 5-14 Annual production increase, annual revenues and annual intervention cost savings of
the 2,500 wells equipped with inhibitor treatment pumps in the second year.
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By observing this table a conspicuous difference to Tab. 5-13 can be recognized.
This difference is that there are no savings due to reduced interventions and no
production increase in the first year. The reason for this is, that the 2,500 pumps are
installed in the second year, and therefore no changes can be observed at these wells
in the first year because they still have an intervention frequency of 10 per well per
year until the pumps are installed.

The 2,579 wells which are not equipped with inhibitor treatment pumps do not
show a production increase or savings due to a lower number of interventions,
because their intervention frequency always stays at 10 interventions per year. This
fact can be observed on Tab. 5-15. Therefore the production decline is not reduced
due to a lower number of interventions, and so it remains at 10% per year for these
wells.
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Tab. 5-15 Annual production increase, annual revenues and annual intervention cost savings of
the 2,579 wells which are not equipped with inhibitor treatment pumps

inhiblor (Best ease) wbrwl| | M | thew | M | By
Fof, 2478 |Walk

afme]  nigee]  gmiee]  andee]  ping
Tulal et vailion castslymal inaw] | Euredyeat | SEAFLATI0E | SLARARLIOE| BISTRAPISIC| MSRLAT0E | SRATIATAI0C
_ To eearvenilon costuyelr (old) Burepear | | SESOAMI0C]  SRADANIOE| SISTMMC| WERWMINC) SEAMANOC
Productien incvmswellyear | Tonsyear | I, T i3 40 .48

ma i R (F
Tl pradchon swiaar [ bbbyt | 2 040,063 17 LIALASTAL  DETRNTS  AOUEST8 13500810
1. 031,30 m&:ﬂ
il ol el n'yae (e | by | IBLIS PATLOME AE0A0E  RORJAN  SAILASM

Preduclian Incramsalyaat [ Wikt | 0,00 0, Lo 080

Tl ol produclionymar |new | ibkyeat | IBLIE  TATIOME  AMOARLM  ROMUAN]  SAMESM
WMMMMW
Sivinge dus 10 reducad ibarvanlonspear] Buredyear | - i -t -t . i - i

At the end of the calculations for the best case, the total annual oil production, the
annual revenues generated by the production and the annual savings due to the
reduced interventions per year, represented on Tab. 5-13, Tab. 5-14 and Tab. 5-15,
have been summed up to receive the annual production, annual revenues and annual
savings for all of the 7,579 sucker rod pumped wells. These results are displayed on
Tab. 5-16.

Tab. 5-16 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the best case
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It can be seen on this table, that the oil production is still decreasing for the next
five years but the annual oil production is higher than on Tab. 5-5, which displays
the annual oil production for an intervention frequency of 10 interventions per year.
That means that the annual production decline of ten percent has been reduced due
to the installation of the 2,500 inhibitor treatment pumps. The same trend can be
seen by observing the annual revenues. They are still decreasing, but the annual
revenues are higher than on Tab. 5-5, which also shows the annual revenues for an
intervention frequency of 10 interventions per year. The annual savings due to a
reduced number of interventions are increasing. The reason for this is that the
number of interventions is reduced during the time period of the calculation model,
and so the savings caused by this reduction are rising.
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5.3.3 Production increase and intervention cost savings for the
worst case

As already mentioned in preceding chapters, 2,500 inhibitor treatment pumps are
installed in the five years of the calculation model in the worst case. That means that
500 pumps are installed in each year. The assumed development of the intervention
frequencies due to corrosion inhibitor employment in the worst case is displayed on
Tab. 5-7. For the calculation of the annual production increase, the annual revenues
and the intervention cost savings due to a reduced number of interventions per year
the same procedure has been applied as for the best case. The only difference is that
every year just 500 wells which are equipped with inhibitor treatment pumps are
affected by the intervention frequency decrease.

The annual production increase, the annual revenues and the intervention cost
savings have been calculated separately for the 500 wells which are equipped in each
of the five years and then for the 5,079 wells which are not equipped with inhibitor
treatment pumps. At the end of the revenue calculations for the worst case, all the
separately calculated production increases, revenues and intervention cost savings
have again been summed up. These sums are the total production increase, the total
annual revenues and the total number of intervention cost savings for the worst
case.

Tab. 5-17 represents the calculation table of the annual production increase, the
annual revenues and the annual savings due to the reduced number of interventions
for the 500 wells which are equipped in the first year. The structure of the
calculation table is the same as for the best case. The input data for the calculation is
also the same except for the number of wells equipped with pumps in the first year.

Tab. 5-17 Annual production increase, annual revenues and annual intervention cost savings of
the 500 wells equipped with inhibitor treatment pumps in the first year
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Then the same calculations follow for the 500 wells which have been carried out in
the best case for the 2,500 wells equipped in the first year.
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These calculations for the first year of the calculation model include the:

annual intervention costs per well

annual intervention costs for 7.5 interventions per well for all the 500
wells

annual intervention costs for 10 interventions per well for all the 500
wells

annual savings due to the reduced number of interventions
annual production losses per well

annual production losses of the 500 wells

annual oil production of the 500 wells

annual oil production of the old scenario

annual production increase

annual revenue.

They have again been calculated in the same manner as for the best case, which was
described in detail in the last chapter, but for 500 wells per year instead of 2,500 in
the first and in the second year.

Tab. 5-18 displays the calculation table of the production increases, the annual
revenues and the savings due to the reduced number of interventions for the 500
wells which are equipped in the second year. By observing this table, it can be seen
again that the total intervention costs per year do not decrease in the first year,
because no inhibitor pumps are installed and therefore the number of interventions
per well still remains at 10. Consequently there are no savings due to reduced
interventions and no production increase for these 500 wells in the first year.

Tab. 5-18 Annual revenues and annual intervention cost savings of the 500 wells equipped with
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The tables for the 500 pumps which are installed in the third, the fourth and the
fifth year again have the same structure. For the wells which are equipped in the
third year the annual intervention frequency per well stays at 10 until the third year.
Consequently the intervention frequency per well for the wells which are equipped
in the fourth and fifth year stays at 10 until they are equipped with pumps. So these
wells show again no savings and production increase until the point at which the
installation of the inhibitor treatment pumps takes place. In the case of the 5,079
wells which are not equipped with pumps the annual intervention frequency per
well always remains at 10 and no savings and production increase are realized with
these wells. The tables concerning the wells which are equipped in the third, fourth

and fifth year and the wells which are not equipped with pumps are shown on Tab.
10-1, Tab. 10-2, Tab. 10-3 and Tab. 10-4 in the Appendix.

After the calculations of the annual oil production, the annual revenues
generated by the production and the annual savings due to the reduced
interventions per year for the 500 wells which are equipped every year and the
5,079 which are not equipped, the results have been summed up again to get the
annual production, the annual revenues and the annual savings for all of the
7,579 sucker rod pumped wells. These sums are represented on Tab. 5-19.

Tab. 5-19 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the best case
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In the worst case the annual oil productions and annual revenues generated by the
production are also higher than on Tab. 5-5, which displays the annual oil
productions for an intervention frequency of 10 interventions per year. But it is, of
course, not as high as in the best case, because in the worst case the production
decline was also reduced but not as strongly as in the best case. The savings due to a
reduced number of interventions are also lower than in the best case, because a
lower number of wells have been affected by the intervention frequency decrease.

5.3.4 Production increase and intervention cost savings for the
realistic case

In the most realistic case 5,000 inhibitor treatment pumps are installed in the first
three years of the calculation model. 1,000 of the inhibitor treatment pumps are
installed in the first year, 2,000 in second year and 1,000 of them are installed in the
third year. According to experts, this pump installation scenario is the most likely
one to be realized due to logistical aspects. The assumed development of the
intervention frequencies due to corrosion inhibitor employment in the most realistic
case 1s displayed on Tab. 5-8. To calculate the annual revenues and the intervention
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cost savings due to a reduced number of interventions per year, the same procedure
has been applied as for the best case. The difference is again the number of installed
inhibitor treatment pumps per year and consequently the wells that are affected by
the reduced intervention frequency per year.

The annual production increase, the annual revenues and the intervention cost
savings have again been calculated separately for the 1,000 wells which are equipped
in the first year, the 2,000 pumps equipped in the second year, the 2,000 pumps
equipped in the third year and then for the 5,079 wells which are not equipped with
inhibitor treatment pumps. Afterwards the annual revenues generated by the
production and the annual savings due to the reduced number of interventions per
year have been calculated by summing up the separately calculated revenues and the
intervention cost savings.

On Tab. 5-20 the calculation of the annual production increase, the annual revenues
and the annual savings due to the reduced number of interventions for the 1,000
wells which are equipped in the first year is displayed. The structure of the
calculation table and the input data for the calculation is, except of the number of
equipped wells, again the same as for the best case.

Tab. 5-20 Annual production increase, annual revenues and annual intervention cost savings of
the 1,000 wells equipped with inhibitor treatment pumps in the first year.

Inhibitor (Most realisitic case] ~  Mumbsrolwads  ifyer My | e | e | Sy |

T T S LR oy 2R et
| 1| \pasae|  viasamse|  pammee|  ammigie
Toal ebarvailon costuiyear o) | Bisieyvat ] TAELTAAME | 11.35S000¢ | ViISSA00C| 9mM4ABRODE| 8084 3000¢

| audinfogne| 1
Productin losukwaliyent [ lonuyia ] _ng LT | T T
Tl | . wn78] Wb aLim) '
_Toatal proiichun kssiiyenr | bbby ELTETAT Beafm  maslay amngu 43,1

1 ELELCYE '
Tortal i jurecdaction’yui |ukd) | bliyeat ] AFOZIAAY GATITIE 7AW ZIMAIAI 290006741
| wmsewl i wmasar]  sapes|  uaes
Total ol jreducliontyuif [iew [ bbiyeat | AADVESRAS  AJ40ABEEM|  JETRIGLNS|  BREIFITAS| patideam
A pammomg  SeEImA anaieradt]  GorEman

‘Sinvinys chas o heciuicad s vafilonuiyear] Butsdyeat | | AATFEEM]  1135h080.00 103485000  1IBELER0Q0 12437070,

Then, calculations have been carried out to evaluate the data on Tab. 5-20. They
have been calculated in the same manner as for the best case and the worst case,
which was described in detail in the last two chapters, but again for a different
number of equipped wells per year.

Tab. 5-21 shows the calculation table of the annual revenues and the savings due to
the reduced number of interventions for the 2,000 wells equipped in the second
year. As for the best and the worst case it can be observed again that the total
intervention costs per year do not decrease in the first year, because again no
inhibitor treatment pumps are installed and therefore the number of interventions
per well still remains at 10. Consequently there are also for the most realistic case no
savings due to reduced interventions and no production increase for these 2,000
wells in the first year.
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Tab. 5-21 Annual production increase, annual revenues and annual intervention cost savings of
the 2,000 wells equipped with inhibitor treatment pumps in the second year.
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The table for the 2,000 wells which are equipped in the third year is characterized by
the same structure. For these wells, the annual intervention frequency per well stays
at 10 until the installation takes place. For this reason these wells show again no
savings and production increase until the third year. For the 5,079 wells which are
not equipped with pumps the annual intervention frequency per well always stays at
10 and again no savings and no production increase are realized with these wells.
The tables for the wells which are equipped in the third year with pumps and for the
2,579 wells which are not equipped with pumps are shown on Tab. 10-5 and Tab.
10-6 in the Appendix.

After the separate calculations of the annual oil production increase, the resulting
annual oil production, the annual revenues generated by the production and the
annual savings due to the reduced interventions per year for the 1,000 wells
equipped in the first year, the 2,000 wells equipped in the second year, the 2,000
wells equipped in the third year and the 5,079 which are not equipped, the results
have been summed up again to get the annual production, the annual revenues and

the annual savings for all of the 7,579 sucker rod pumped wells. These figures are
shown on Tab. 5-22.

Tab. 5-22 Annual production, annual revenues and annual intervention cost savings of all 7579
sucker rod pumped wells in the most realistic case
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As for the best and for the worst cases it can be observed again that the annual oil
production and revenues generated by the production are higher than on Tab. 5-5,
which shows the annual oil productions with an intervention frequency of 10
interventions per year. In this case the production decline of 10% has also been
reduced. The reduction of this decline is higher than in the worst case, but lower
than in the best one. For this reason also, the annual oil production, the annual
revenues and the savings lie between the values of the best and the worst case.
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The total annual oil productions and the annual production increase due to the
employment of corrosion inhibitors - in absolute numbers and in percent - are
displayed on Fig. 10-1, Fig. 10-2 and Fig. 10-3 in the Appendix.

5.3.5 Differences in net present value for the best, worst and
realistic cases

As already described in a preceding chapter, the net present value is calculated as the
sum of the annual discounted cash flows. The cumulated savings due to the
employment of a corrosion inhibitor have been computed by calculating the
difference of the net present value assuming 10 interventions per year and the net
present value assuming a reduced number of interventions. These total savings are
the differences in the net present values and must not be mistaken with the savings
due a reduced number of interventions, which have been necessary to calculate the
total savings. The annual cash flows assuming a reduced number of interventions
have been evaluated according to the following procedure:

Annual revenues (generated by the oil production)
+ Annual savings (due to reduced interventions)
- Annual capex

- Annual opex

= Annual cash flows

Then, the annual cash flows for the scenario which considers no employment of
corrosion inhibitor and therefore no reduction of the actual intervention frequency
of ten interventions per year per well have been evaluated. For this scenario, no
annual savings due to a reduced number of interventions are realized, but also no
additional investment costs have to be expended. For this reason, the annual
revenues equal the annual cash flows. For the best case, the calculation of the
difference in net present value is shown on Tab. 5-23. The calculation tables of the
worst and the most realistic cases are represented on Tab. 10-7 and Tab. 10-8 in the

Appendix.

Tab. 5-23 Difference in the net present value for the best case
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In the first row of the table, the five years of the calculation model and the year
before the first installation are shown. The first column shows the necessary data to
calculate the difference in net present value or total savings. At first the annual cash
flows for the best case and for the case without the employment of corrosion
inhibitor have been calculated as already explained above.

Then these cash flows have been discounted to consider the time value of money.
The discounted cash flows have been evaluated by using the following formula:

Discounted CF = CF *(1+1i)”'
CF = cash flow
i = imputed interest rate

t = time index

According to experts the imputed interest rate which is used for net present value
calculations at OMV 1is 11%. For this reason the calculated cash flows have then
been discounted with 11% per year. The discounted cash flows for the best, worst,
most realistic case and the case without any changes are represented on Fig. 5-2.

Fig. 5-2 Discounted cash flows for different corrosion inhibitor scenarios
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As can be observed on the diagram, the discounted cash flow in the best case is
significantly higher than in the most realistic case until the second year. But then the
discounted cash flow of the most realistic case increasingly approaches the
discounted cash flow of the best case. The reason for this development is quicker
installation of the inhibitor treatment pumps in the best case. But in both cases
5,000 pumps are installed and so after five years the discounted cash flows are
almost the same.

After that the net present values for the best case and for the case without any
changes, which is characterized by an intervention frequency of 10, have been
calculated as the sum of the discounted cash flows. These net present values are
shown on Fig. 5-3.

Fig. 5-3 Net present values for different corrosion inhibitor scenarios
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Finally, the total savings have been evaluated as the difference of these net present
values. One interesting aspect that must be mentioned is that the difference in the
net present value in the year of the first investment, which is the year before the first
installation, coincides exactly with the annual capex. The reason for this is that in
this year just the investment for the inhibitor treatment pumps is made, but no
installation takes place. Therefore, no reduction of the intervention frequency and
no savings are realized in this year. Additionally, no discounting takes place in this
year, and so the difference of the net present values corresponds with the capex.
These total savings or differences of the net present values are displayed on Fig. 5-4.
As can be seen on the chart the savings in the best case and in the most realistic case
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are significantly higher than in the worst case. The payout period is 1.22 years in the
best case, 1.38 years in the worst case and 1.2 years in the most realistic case.
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Fig. 5-4 Total savings for different corrosion inhibitor scenarios
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5.4 Tubing string

At first, three tables which show the assumed development of the reduced
intervention frequencies were created again to estimate the total savings and the
production increase due to the employment of new tubing string material. They
have been created for the best, the worst and the most realistic case scenatio.
Currently, about 10% of the tubing material is exchanged. This number has been
estimated by reconstructing the following scenario.

If a tubing failure occurs, an intervention is carried out, with the purpose of
exchanging just the broken part. That means that in the majority of the
interventions, just one single tubing part is exchanged. The average depth of a well
in Romania has been assumed with 1,000 meters and the length of a tubing part is
approximately ten meters. Consequently every well includes about one hundred
single tubings. At the moment the annual intervention frequency in Romania is 10
interventions per well per year. For this reason 10 single tubings are exchanged per
well per year by doing ten interventions per well per year. These 10 single tubings
are 10% of the 100 single tubings in a well. Based on this scenario it has been
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assumed that about 10% of the tubing material is replaced in Romania every year.
Or in other words it was estimated that 10% of all wells are equipped with new
tubing material every year.

Concerning the best case of new tubing material employment the actual 10% are
still replaced, additionally 15% are installed in the first three years and then 20% are
additionally installed in the following years of the calculation model. But the
manner of installation is different. The 10% are replaced by exchanging the broken
tubings piecewise and the additionally 15% and after the third year 20% are replaced
by exchanging the complete tubing string. The sum of exchanged tubing material is
always about 25% per year. The reason for this is that the 10%, which are
exchanged as is standard at the moment in Romania always refers to wells with old
tubing material, because a completely exchanged well will never need 10
interventions per year. A certain percentage of wells are completely exchanged every
year, and so the number of wells with old tubing material is decreasing from year to
year. Therefore, the 10% refers to a smaller number of wells from year to year, and
so 10% of the not yet completed wells are exchanged. That is to say that compared
to the total amount of tubing material, these wells represent, for example, just 7% in
the third year, because the number of wells with old material is decreasing. This is
the reason why the percentage of completely exchanged wells can be increased after
the third year. By doing this, the whole percentage of exchanged wells approaches
again 25%, otherwise it would decrease.

The tubing material which is installed by exchanging the complete tubing string is
additionally equipped with thermoplastic tubular liners to increase their durability.
Concerning the old material a wall thickness survey is carried out. As already
explained the reason for this wall thickness survey is to identify the tubings in the
well, which can still be used and therefore be installed in other wells. That means
that for the calculation model just new tubing material has been used to replace the
old, because no one is able to predict the number of tubings which can still be used.
Tab. 5-24 displays the development of the assumed reduced intervention frequency
for the certain percentage of wells which are completely exchanged with new tubing
material every year. The first row of the table shows the years of the calculation
model and the first column represents the annually installed inhibitor treatment
pumps.

Tab. 5-24 Development of the intervention frequencies due to new tubing material employment
in the best case

Percentage of wells 1"year 2"year year 4"year E™year
15,00% B a 3 2 2
15,00% 10 & 3 3 2
15,00% 10 10 & 3 a
#0,00% 10 10 10 & a
#0,00% 10 10 10 10 &
15,00% 10 1l 10 10 10

For the 15% of the wells which are completely equipped with new tubing material,
an intervention frequency of 6 interventions per well per year is assumed in the first
year of installation. It goes without saying that not all wells can be equipped
simultaneously, and so the assumed intervention frequency in the first year is higher
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than in the following years. The other 85% of the wells are not affected by the
installation of the new tubing material in the first year, and so their intervention
frequency still stays at 10 interventions per well per year as it can be observed in the
second column of the table. Concerning the wells which are equipped with new
tubing material in the first year, the intervention frequency decreases to 3
interventions per well per year in the second year and to 2 interventions per well per
year in the fourth year. Due to the fact that the tubing material is additionally
equipped with thermoplastic tubular liners, the intervention frequency decrease has
been assumed more strongly than for the other planned actions. This development
in the intervention frequencies can be seen in the second row of the table.

Another 15% of the wells are completely equipped with new material in the second
year which reduces the intervention frequency of these wells to 3 in the second year.
The frequency of interventions for these wells has the same development like the
intervention frequency of the first 15% of the wells which has been equipped in the
first year, but with a delay of one year. This fact can be observed in the third row of
the table.

Other wells which are equipped later with the new tubing material show the same
development in the intervention frequency, but with a delay of for example two
years if the new tubing material is installed in the third year or with a delay of four
years if it is in the fifth year, as it is displayed on Tab. 5-24. The number of
interventions per well per year remains at 10 until the year of installation. In the best
case 15% of the wells are not equipped with new tubing material and so their
intervention frequency always remains at 10%.

In the most realistic case 10% are again installed as has been standard in Romania
until now. Moreover 10% are installed by exchanging complete tubing strings in the
first three years and an additional 15% are installed by exchanging complete tubing
strings in the fourth and fifth years. The reason for the increase of the percentage of
wells which are completely exchanged with new tubing material is the same as in the
best case. Altogether about 20% of the tubing material is exchanged every year.

Tab. 5-25 Development of the intervention frequencies due to new tubing material employment
in the most realistic case

Percentage of wells 1™yuar " year Fyear A"year ™ year
10,00%: ] 3 3 2 2
10,00% 1 ] 3 3 2
10,00% 10 10 G 3 3
1500% 1 1 10 & 3
16,00%, 10 10 10 10 B
40)00% L] L] 0 L] 10

The development of the assumed reduced intervention frequency for the most
realistic case is shown on Tab. 5-25. The first row of the table shows again the years
of the calculation model and the first column represents the percentage of annually
equipped wells. The development of the intervention frequencies is the same as for
the best case, but with the difference that a lower number of wells are affected by
this intervention frequency decrease. In the most realistic case, 40% of the wells are
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not equipped with new tubing material as it can be observed on Tab. 5-25. The
intervention frequency of these wells always stays at 10.

In the worst case, 5% of the wells are equipped with new tubing material per year in
the first three years, 7% percent are equipped in the fourth and in the fifth year 10%
of the wells are again equipped as it has been standard in Romania until now. In this
case this 10% refer again to the wells which have not already been completely
exchanged. But the number of wells including old material is decreasing from to
year to year, and so, in reality, this percentage of 10% refers to a lower number of
wells every year. For this reason the wells which are completely exchanged with new
tubing material are again increased after the third year to maintain an average annual
exchange rate of 15% per year. The development of the intervention frequencies
for the completely exchanged wells is displayed on Tab. 5-26.

Tab. 5-26 Developing of the intervention frequencies due to new tubing material employment in
the worst case

Percentage of wells 1*ymar P ymar yar i"year B yuar
B 00% & 3 3 2 ]
& D 10 B 3 3 ]
B 00 il il & 3 3
T po% 10 10 10 L] 3
T 0% 10 10 10 10 B
00 10 10 10 10 10

The structure of the table for the worst case is exactly the same one as for the two
preceding tables. The difference is again the percentage of wells which are equipped
with new tubing material every year, and so the percentage of wells which is affected
by the intervention decrease. Concerning the worst case, 71% of the wells are not
equipped with new tubing material as can be observed on Tab. 5-26. The
intervention frequency of these wells again remains at 10%.

Based on these assumed intervention frequencies the calculations of the costs for
the new tubing material and the estimates of the total savings due to the
employment of new tubing material have been carried out.

5.4.1 Costs of the new tubing material

The required data to calculate the costs for the new tubing material are the price of
the J-55 steel tubing, the price for the inspection of the material, the price for the
wall thickness survey and the price for the lined tubing process. Other important
data for the cost calculations are the number of sucker rod pumped wells in
Romania, the length of a tubing and the average number of tubings in a well. All
these data are based on the advice of experts from OMV. These data are listed on
the Tab. 5-27.
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Tab. 5-27 Necessary data for the tubing material costs calculation

tubings per well

J-55 steel tubing price 18.5 [Euro/metet]
Inspection price 0.1 [Euro/tubing]
Wall thickness survey

price 3 [Euro/metet]

Lining process price 4.95 [Euro/meter]
Number of sucker rod 7,579 B

pumped wells
Length of a tubing 10 [meter]

Average number of 100 ]

Tab. 5-28 Calculation of the total annual tubing costs for the best case

Tubing costs (Best case) | vear before 1" year|  1*year 2"lyear 1"year 4"year §'year
10% of the not already completely exchanged
wells are exchanged as Standard; s et i s et
Annual tubing material costs [Eurofyear]:| 1402115000 € | 11.917.977,50€ | 9.814.80500€| 7.711.63250€| 4.90740250€| 210317250€
Additional annual exchange rate 15,00% 15,00% 15,00% 20,00% 20,00%
Annual tubing material costs [Eurofyear]:|  21.043,093,50 € | 21,043.093,50 € | 21.043.093,50 € | 28.,057.458,00€ | 28.057458,00 € | 28.057 458,00 €
Annual lining process costs [Eurofyear]:|  5631.04542€ | 5631.04542€| 5631.04542€| 7.508.060,56 € | 7.508.060,56 €| 7.508.060,56 €
Annual wall thickness survey costs [Euro/year]: 3410.55000€ | 3410.55000€ | 3410.55000€ | 4.547.40000€| 4.54740000¢€
Total annual exchange rate; 25,00% 23,50% 22,00% 25,50% 23,50%
Total annual tubing costs [Eurolyear]:  35.064.243,50 € | 42,002.66642 € | 39.899.493.92 € | 46.687.701,06 € | 45.020.321,06 € | 42.216.091,06 €

Tab. 5-28 represents the calculation of the tubing costs for the best case. The first
row shows the years of the calculation model and the first column shows the terms
for the different parts of the tubing costs. These are:

e the annual tubing material costs of the 10% of tubing material which is
exchanged as has been standard in Romania until now,

e the annual tubing material costs for the additional percentage of
tubing material,

e the annual lining process costs and

e the annual wall thickness survey costs.

In the calculation model, all these materials are bought in the year before the
installation takes place, and so their costs are also realized in the year before the
installation. They are the so-called capex of the total tubing costs. The only
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exception is the costs for the wall thickness survey, because they are realized in the
year of the installation. They build the so-called opex of the total tubing costs. The
sum of these is the total annual tubing costs.

At first, the annual tubing material costs of the 10 % of tubing material which is
exchanged as has been standard in Romania until now has been evaluated. As
already mentioned this 10% refer to the wells which have not already been
completely exchanged. That means that in the first year these are exactly 10% of the
whole tubing material in the sucker rod pumped wells. But in the following years,
this exchanged tubing material is decreasing, because of the decreasing number of
wells which still contain old material. The annual costs for this 10% for the first
year has been calculated as the product of

the number of sucker rod pumped wells in Romania,
e the price of one tubing

e the average number of tubings per well

and the exchange percentage of 10%.

For the year before the first installation all the sucker rod pumped wells have been
taken into account for this calculation, because in the first year all these wells are still
equipped with old material. For the following years the calculation was adapted to
consider the annually decreasing number of wells which still include old material.
Therefore, to calculate the costs for the other years the result of the year, before the
first installation has been multiplied by the percentage of wells which has not been
completely exchanged until the respective year. That means that the result of the
year before the first installation has been multiplied by, for example 0.85, to
calculate the costs for the tubing material which is supposed to be exchanged in the
second year. The reason for this is that after the first year only 85% of the sucker
rod pumped wells include old material, because 15% have been exchanged in the
first year. As already mentioned, all these materials are bought in the year before the
installation takes place, and so the costs in the first year refer the tubing material
which is installed in the second year. For the following years the costs have been
estimated according to the same procedure. That means that, for example, the costs
of the material in the second year, which is supposed to be installed in the third
year, have been multiplied by 0.7, because after the second year 30 percent of the
wells have been completely exchanged. The results of this calculation are shown in
the third row of table Tab. 5-28.

The next step was the calculation of the annual tubing material costs for the
additional percentage of tubing material per year. These costs have been
calculated as the sum of the costs for the tubing material and the inspection price,
because the new tubing material should be inspected before it is installed. But
compared to the price of tubing, the inspection price is very low as it can be seen on
Tab. 5-27. As already explained, the tubings which are installed in the first year are
bought in the year before the first year of installation. These tubing costs for the
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year before the first year of installation have been calculated by multiplying 15%,
which is the exchange rate in the first year, by the number of sucker rod pumped
wells and multiplied by the price for 100 tubings, which is the average number of
tubings in a well. The inspection costs for the for the year before the first year of
installation have been calculated by multiplying 15% by the number of sucker rod
pumped wells and then multiplying this product by the inspection price for 100
tubings.

The annual tubing material costs for the additional percentage of tubing
material have then been calculated as the sum of these. The results of this
calculation are shown in the sixth row of Tab. 5-28. For the following years these
costs have been calculated according to the same procedure. The percentage of the
wells which are completely exchanged is increased in the fourth year as it has already
been described in the preceding chapter. This can also be seen in the fourth row of
the table.

As already mentioned the new tubing material is also equipped with thermoplastic
tubular liners to increase their durability. The lining procedure costs for the first
year have been calculated by multiplying 15%, which is again the exchange rate, by
the number of sucker rod pumped wells and again by the lining procedure costs for
the average number of 100 tubings in a well. For the following years these costs
have again been calculated according to the same procedure and the percentage of
the wells which are completely exchanged is again increased in the fourth year. The
results of this calculation are displayed in the sixth row of Tab. 5-28.

Afterwards the annual wall thickness survey costs have been calculated. These
costs are realized in the year of the installation, and so there are no wall thickness
survey costs before the year of the first calculation. The wall thickness survey costs
for the first year have been calculated by multiplying 15% by the number of sucker
rod pumped wells and by the inspection price for 100 tubings. The percentage of
the wells which are completely exchanged is increased again in the third year. These
costs are shown in the seventh row of Tab. 5-28.

To compare the annual exchanged tubing material, the total annual exchange rate
has been calculated. For the year before the first year of installation, this is just the
sum of 10% and the additional installed 15%, which equals 25%. For the other years
the total annual exchange rate has been calculated by multiplying 10% by the
percentage of wells which has not been completely exchanged until the respective
year and adding to this product 15%. For the first year of installation, for example,
this is 10% multiplied by 85%, which is the percentage of not completely exchanged
wells, plus 15%. The result is the total annual exchange rate of new tubing material
in the second year, which has to be bought in the first year of the calculation model.
As can be observed in the table this percentage annually decreases. For this reason
the percentage of the wells which are completely exchanged is increased in the
tfourth year. The reason for this increase has already been described in detail.

At the end, the total annual tubing costs have been calculated as the sum of
different parts of the tubing costs. These are shown in the last row of the table.

The total tubing costs for the worst and the most realistic cases have been calculated
in the same manner. The significant difference in the calculations was the
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percentage of equipped wells per year, as it can be seen in the fourth row of Tab.

5-29 and Tab. 5-30.

Tab. 5-29 Calculation of the total annual tubing costs for the most realistic case

Tubing costs (Most realistic case))| vear before 1*year)  1¥year 2"year lyear $Myear glyear
10% of the not already completely exchanged
wells are exchanged as Standard; 7% 0% " e "%
Annual tubing material costs [Eurofyear]:)  14.021,150,00 € | 12.610.035,00€ | 11.216.020,00 € | 0.814.80500€ | 7.711.63250€ | 5.608.460,00 €
Additional annual exchange rate 10,00% 10,00% 10,00% 15,00% 15,00%
Annual tubing material costs [Eurofyear]:  14.028.729,00 € | 14.028.729,00 € | 14.026.729,00 € | 21.043.003,50 € | 21,043.003,50 € | 21.043.083,50 €
Annual lining process costs [Euroyear]:|  3.754.03028€ | 3.754.03028¢€ | 37M.03028€| 5631.04542€ ) 5631.04542€ ) 5.631.04542¢€
Annual wall thickness survey costs [Euroiyear): 227370000 €| 2273.70000€) 2273.70000€) 3.410.550,00€ ) 3.410.550,00¢€
Total annual exchange rate; 20,00%, 19,00%, 18,00%, 22,00% 20,50%
Total annual tubing costs [Eurciyear]:|  31.803.909.28 € | 32.675494 28 € | 31.273.379,28 € | 38762.64392 €| 37.796.32142 € | 35.693.148,92 ¢
Tab. 5-30 Calculation of the total annual tubing costs for the worst case
Tubing costs (Worst case)|  Yearbefore 1" year 1¥year 2"year Flyear $year §lyear
10% of the not already completely exchanged
wells are exchanged as Standard; o o - - -
Annual tubing material costs [Euralyear]: 14,021,150,00 € | 13.320,092,50 € | 12,619.035,00 € | 11.917.077,50 € | 10.936.407,00€ | 0.055.01650 €
Additional annual exchange rate 5.00%, 5,00% 5,00% 7 00% 7 00%
Annual tubing material costs [Eurolyear]: T014.364,50€ | 7.014.364,50€ | 7.014.36450€ ) 0820.110,30€ | 0.820.110,30€| 9.820.110,30€
Annual lining process costs [Eurofyear]: 17701504 €| 187701504 €| 187701514 €| 2627 8N20€| 2627811,20€| 2627821.20€
innual wall thickness survey costs ar): 113685000 €| 1.136850,00€ | 1.13685000€ | 1.591.500,00€| 1.591.590,00€
Total annual exchange rate; 15,00% 14,50% 14,00% 18,50% 14,80%,
Total annual tubing costs [Euralyear]: 2.912.509,64 €| 23.348.322,14 € | 22.647.264,64 € | 25.502.739,00 € | 24.976.018,50 € | 23.994,538,00€

5.4.2 Production increase and intervention cost savings for the
best case

In the preceding chapters the intervention frequency decrease due to the
employment of new tubing materials has been assumed and the calculation of the
tubing material costs for the best, the worst and the most realistic cases have been
executed. Based on these data the production increase, the annual revenues and
intervention cost savings due to the employment of new tubing materials have
been calculated.

The increase in production is caused by the reduced number of interventions per
year, which leads to a greater production time and hence more production.
Therefore higher annual revenues are realized due to the production increase.
Furthermore the reduced number of interventions per year leads to reduced annual
intervention costs, which are additional savings due to the reduced intervention
frequency.

In the best case of the new tubing material employment the actual exchange rate of
10% will be maintained and an additional 15% of the wells are equipped in the first
three years and then an additional 20% are equipped in the following years. This
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exchange procedure has already been described in detail in the preceding chapter.
The assumed intervention frequency reduction due to new tubing material
employment in the best case is shown on Tab. 5-24. The estimation of the
production increase, the annual revenues and the intervention cost savings in the
future due to a reduced number of interventions has been carried out in the
following manner.

The annual production increase, annual revenues and the intervention cost savings
have been evaluated separately for the annual percentage of wells which are
additionally completely equipped with new material equipment. That means that
these values have been calculated at first for the 15% of the wells which are
equipped in the first year, then for the 15% which are equipped in the second year
and so on. At the end of the calculations, the calculated values have been summed
up to get the total production increase, the total annual revenues and total annual
intervention cost savings for the best case.

Tab. 5-31 displays the calculation of the annual production increase, the annual
revenues and the annual intervention cost savings for the 15% of the wells which
are equipped in the first year. To demonstrate how these values have been
estimated, the calculation of the first year will be described. For the following years
the values have been estimated according to the same procedure. The calculation of
the annual production increase, the annual revenues and the annual intervention
cost savings due to the employment of the corrosion inhibitor has been carried out
in a similar way. The differences in the two calculations are the number of yearly
equipped wells and the assumed intervention frequency decrease due to the new
technology employment. The intervention frequency decrease for the new tubing
material employment has been assumed more strongly than for the corrosion
inhibitor employment.

Tab. 5-31 Annual production increase, annual revenues and annual intervention cost savings of
the 15% of the wells equipped with new tubing material in the first year
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The evaluation of the following data was necessary to estimate the production
increase, the annual revenues generated by the production and the annual savings of
the 15% of the wells, which are completely exchanged in the first year:

64



The calculation model

e annual intervention costs per well for 6 interventions per year

e annual intervention costs for 6 interventions per well for the 15% of
the wells

e annual intervention costs for 10 interventions per well for the 15% of
the wells

e annual savings due to the reduced number of interventions from 10 to

6
e annual production losses per well for 6 interventions per year
e annual production losses of the 15% of the wells
e annual oil production of the 15% of the wells
e annual oil production of the old scenario of the 15% of the wells
e annual production increase and

e annual revenue

All these data have been calculated in the same way as they have been calculated for
the employment of the corrosion inhibitor, but for a different number of yearly
equipped wells and a different intervention frequency decrease. That means that the
annual intervention costs per well have been calculated as the product of the
assumed average number of interventions per well per year and the average
intervention costs of 2,271.15 Euro. For the first year of the installation the number
of interventions per well is assumed at a rate of 6 as is displayed on Tab. 5-24. The
intervention costs of the following years have been calculated by using the
intervention frequencies, which are also shown on Tab. 5-24.

The annual intervention costs for 6 interventions per well for 15% of the wells
are the product of the intervention costs per well multiplied by the total number of
sucker rod pumped wells multiplied again by 15%. Assuming 6 interventions per
well these intervention costs are lower than for the actual 10 interventions per well
per year.

Then, the annual intervention costs assuming 10 interventions per well for the
15% of the wells have been calculated. They are displayed in the fifth row of Tab.
5-31. The difference between the intervention costs for 10 interventions per well
and for 6 interventions per well are the savings due to the reduced number of
interventions, which are shown in the last row of the table. These savings are just a
part of the total savings and must not be mistaken with the total savings due to the
employment of the new tubing material. These total savings are calculated as the
difference in the net present value of the old and the new scenarios.

Afterwards, the total production losses of the 15% of the wells have been
evaluated. For this purpose the annual production losses per well have been
calculated. They are the product of the total production losses caused by one
intervention - including dead time, intervention time and start up time - and the
assumed intervention frequency in the first year.
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The total production losses of the 15% of the wells have then been calculated as
the product of the annual production losses per well and the number of wells. As it
also mentioned in preceding chapters the oil production of 93,000 bbl per day
already takes into consideration these production losses, and so they do not have to
be subtracted from this number.

The total oil production of the 15% of the wells has been calculated as the sum of
the total oil production of the 15% of the wells assuming 10 interventions per
well and the annual production increase due to a lower number of interventions.

The total oil production of the old scenario with 10 intetrventions per well is
the current average production rate per well per day multiplied by 365 times the
number of equipped wells in the first year. The production increase is calculated
as the product of the production losses per intervention per well, the intervention
frequency decrease of 4 and the number of equipped wells in the first year.

The annual revenue for the first year is the product of the total oil production of
the 15% the wells, which are equipped in the first year, and the crude oil price in
Euro. The annual revenues are shown in Euro per year at the end of Tab. 5-31.

The next step in the calculation model is the evaluation of the annual revenues for
the 15% of the wells which are equipped with new tubing material in the second
year. They have been calculated in the same manner as the annual revenues for the
15% of the wells equipped in the first year. Tab. 5-32 shows the calculation table of
the annual production increase, the annual revenues and the annual savings due to
the reduced number of interventions for the 15% of the sucker rod pumped wells
which are equipped in the second year. The difference to the wells which are
equipped in the first year is that there are no savings due to reduced interventions
and no production increase in the first year. The reason for this is that these wells
still have an intervention frequency of 10 interventions per well per year until the
new tubing material is installed in the second year. Therefore, no changes can be
observed in the first year.

The structure of the tables for the wells which are equipped with new tubing
material in the third, the fourth and the fifth years is the same. The annual
intervention frequency of the wells which are equipped in the third year stays at 10
until the second year. Therefore the intervention frequency for the wells which are
equipped in the fourth and fifth years remains at 10 interventions per year until they
are equipped with new tubing materials. That means that these wells also show no
production increase and no savings until they are equipped with new tubing
material. In the best case, 15% of the sucker rod pumped wells are not equipped
with new tubing materials. The annual intervention frequency of these wells remains
at 10 until the end of the calculation model. The tables concerning the wells which
are equipped in the third, fourth and fifth years and the wells which are not
equipped with new sucker rod string are displayed on Tab. 10-9, Tab. 10-10, Tab.
10-11 and Tab. 10-12 in the Appendix.
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Tab. 5-32 Annual production increase, annual revenues and annual intervention cost savings of
the 15% of the wells equipped with new tubing material in the second year
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Finally, the annual oil productions, the annual revenues generated by the production
and the annual savings due to the reduced interventions per year of all wells have
been added to get the total annual production, total annual revenues and total
annual savings for the entire 7,579 sucker rod pumped wells. These figures are
represented on Tab. 5-33.

Tab. 5-33 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the best case
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On this table it can be observed that the annual oil production and annual
revenues are still decreasing from year to year but the annual production and the
annual revenues are higher than on table Tab. 5-5, which displays the annual oil
productions and annual revenues for an intervention frequency of 10 interventions
per year. Therefore, the annual production decline of ten percent has been reduced
due to the employment of new tubing material. The annual savings due to a
reduced number of interventions are increasing, because the intervention
frequency is reduced from year to year, and so the savings caused by this reduction
are rising. These facts have also been shown for the employment of new corrosion
inhibitor.
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5.4.3 Production increase and intervention cost savings for the
worst case

Concerning the worst case of the new tubing material employment the actual
exchange rate of 10% will also be maintained and an additional 5% of the sucker
rod pumped wells will be completely equipped in the first three years. Thereafter
7% of the wells will also be completely equipped in the following years. The
assumed intervention frequency development due to new tubing material
employment for the worst case is displayed on Tab. 5-20.

The annual production increase, the annual revenues and the annual intervention
cost savings due to a reduced number of interventions have been calculated in the
same manner as for the best case. The difference is the yearly number of completely
exchanged wells. At the end of the calculations for the worst, case all the separately
calculated annual production increases, annual revenues and the intervention cost
savings have again been added to obtain the total production increase, the total
annual revenues and the total number of intervention cost savings for the worst
case. Tab. 5-34 represents the calculation table of the 5% of the wells which are
equipped with new tubing material in the first year.

Tab. 5-34 Annual production increase, annual revenues and annual intervention cost savings of
the 5% of the wells equipped with new tubing material in the first year
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The necessary data to estimate the annual production increases, annual revenues and
the intervention cost savings of the first year are the:

e annual intervention costs per well for 6 interventions per year

e annual intervention costs for 6 interventions per well for the 5% of the
wells which are completely exchanged

e annual intervention costs for 10 interventions per well for the 5% of the
wells (old scenario)
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e annual savings due to the reduced number of interventions from 10 to

6
e annual production losses per well for 6 interventions per year
e annual production losses of the 5% of the wells
e annual oil production of the 5% of the wells
e annual oil production of the old scenario of the 5% of the wells
e annual production increase and

e annual revenue.

The calculation procedure for these data is the same as for the best case, the only
difference is the percentage of equipped wells per year.

Tab. 5-35 shows the calculations of the annual production increases, the annual
revenues and the intervention cost savings for the 5% of the wells which are
equipped in the second year. Due to the fact that these wells are equipped with new
tubing materials in the second year, it can be seen that the total intervention costs
per year do not decrease eatlier.

Tab. 5-35 Annual production increase, annual revenues and annual intervention cost savings of
the 5% of the wells equipped with new tubing material in the second year
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The calculations of the annual production increases, the annual revenues and the
annual intervention cost savings for the wells which are completely equipped in the
third, the fourth and the fifth years can be observed on Tab. 10-13, Tab. 10-14 and
Tab. 10-15 in the Appendix. It is also important to mention that the annual
intervention frequency per well for these wells stays at 10 until the new tubing
material is installed. For this reason, these wells show again no savings and no
production increase until the new tubing material is installed.

In the worst case scenario of new tubing material installation, almost 30% of all
sucker rod pumped wells are completely equipped with new tubing material in the
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five years of the calculation model. For the rest of the wells, the intervention
frequency always remains at 10 and consequently no savings and no production
increase is realized with these wells. The calculation of the annual production
increases, the annual revenues and the annual intervention cost savings for these

wells can be seen on Tab. 10-16 in the Appendix.

After that, the results of all the calculation tables have been summed up to produce
the figures for the annual production, the annual revenues and the annual

savings for all of the 7,579 sucker rod pumped wells. These figures are shown on
Tab. 5-30.

Tab. 5-36 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the worst case
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Concerning the worst case scenario the annual productions and the annual
revenues are also higher than on Tab. 5-5, which displays the annual oil
productions and annual revenues for an intervention frequency of 10 interventions
per year. But in comparison to the best case, these figures are lower, because in the
worst case less sucker rod pumped wells are completely exchanged with new tubing
material. Therefore, the annual production decline of ten percent has also been
reduced, but, of course, not as strong as in the best case. Due to the lower number
of newly equipped wells, the annual savings due to a reduced number of
interventions are also lower than in the best case.

5.4.4 Production increase and intervention cost savings for the
realistic case

In the most realistic case of the new tubing material employment the actual
exchange rate of 10% will again be maintained. As already explained, this 10% will
be replaced in stages. Additionally, 10% of the sucker rod pumped wells are
completely equipped in the first three years, and afterwards 10% of the wells are
additionally completely equipped in the following years. For the estimation of the
annual production increase, the annual revenues and the intervention cost savings
due to a reduced number of interventions per year the same procedure has been
applied as for the best and the worst cases. The difference is the percentage of
completely equipped wells per year and consequently the number of wells that are
affected by the reduced intervention frequency per year. The assumed intervention
frequency development due to new tubing material employment for the most
realistic case is displayed on Tab. 5-25. On Tab. 5-37 the calculation table of the
10% of the wells which have been equipped with new tubing material in the first
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year is displayed. The table has the same structure as those for the best and the
WOTrSst cases.

Tab. 5-37 Annual revenues and annual intervention cost savings of the 10% of the wells
equipped with new tubing material in the first year
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All the data which is listed on table has then been calculated. These data have been
calculated in the same manner as for the best case and the worst cases, but as
already mentioned, for a different number of equipped wells per year. The
procedure of these calculations has already been described in detail in the last two
chapters.

Tab. 5-38 shows the calculation table of the annual revenues and the savings due to
the reduced number of interventions for the 10 % of the wells which are equipped
with new tubing material in the second year. As could be observed in the best and
worst cases too, the total intervention costs per year do not decrease in the first
year, because no new tubing material is installed. Therefore the number of
interventions per well is still at 10 in the first year. As a consequence there are also
no savings due to reduced interventions and no production increase for these 10 %
of the wells in the first year.

Tab. 5-38 Annual revenues and annual intervention cost savings of the 10% of the wells
equipped with new tubing material in the second year
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The calculations of the annual production increases, the annual revenues and the
annual intervention cost savings for the wells which are completely equipped in the
third, fourth and fifth years can be seen on Tab. 10-17, Tab. 10-18 and Tab. 10-19
in the Appendix. For these wells, the annual intervention frequency per well stays at
10 until the new tubing material is installed. Therefore, these wells show again no
savings and no production increase until the installation of the new tubing material.

Concerning the most realistic case of new tubing material installation for 60% the
sucker rod pumped wells, the intervention frequency always remains at 10 and
consequently no savings and no production increase is achieved with these wells.
The calculation of the annual production increases, the annual revenues and the
annual intervention cost savings for these wells can be seen on Tab. 10-20 in the

Appendix.

Afterwards, the results of all the particular calculation tables have been summed up
again to receive the annual production, the annual revenues and the annual
savings for all of the 7,579 sucker rod pumped wells. They are represented on Tab.
5-39.

Tab. 5-39 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the most realistic case
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The annual oil productions and revenues generated by the production are again
higher than on Tab. 5-5, which shows the annual oil productions and annual
revenues for an intervention frequency of 10 interventions per year. The actual
production decline of 10% has also been reduced over the years of the calculation
model. The reduction of this decline is more significant than in the worst case, but
less significant than in the best one. Therefore also the annual oil productions, the
annual revenues and the savings lie between the results of the assumed best case and
the assumed worst case. The same fact could be noted for the employment of the
corrosion inhibitor.

The total annual oil productions and the annual production increase due to the
employment of tubing materials — in absolute numbers and in percent — are

displayed on Fig. 10-4, Fig. 10-5 and Fig. 10-6 in the Appendix.

5.4.5 Difference in net present value for the best, worst and
realistic cases

For the calculation of the total savings due to the employment of new tubing
material, the net present value of the unchanged future scenario has been calculated.
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This scenario includes no installation of new tubing material and consequently
assumes that the intervention frequency of 10 interventions per year is not being
reduced. Afterwards this value was compared to the net present value which
assumes a reduced number of interventions. The difference of both present values
is the total savings which can be achieved by the employment of new tubing
material. As was already mentioned these total savings are the differences between
the net present values of both scenarios and must not be mistaken with the savings
due a reduced number of intervention. The calculation of the annual cash flows
considering the employment of new tubing material has been evaluated in
accordance with the following:

Annual revenues (generated by the oil production)
+ Annual savings (due to reduced interventions)

- Annual total tubing costs

= Annual cash flows

After that the calculation of the annual cash flows for the scenario which considers
no employment of new tubing material has been carried out. Considering this
scenario the intervention frequency has not been decreased and therefore no annual
savings are realized, but also no additional investment costs have to be expended.
Thus the annual revenues equal the annual cash flows. The calculation of the
difference in net present value for the best case of the employment of new tubing
material is shown on Tab. 5-40. The calculation tables of the difference in net
present value for the worst case and the most realistic case of the employment of
new tubing material are displayed on Tab. 10-21 and Tab. 10-22 in the Appendix.

Tab. 5-40 Difference in net present value for the best case
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First, the calculation of the annual cash flows for the assumed best case of the
employment of new tubing material has been carried out. Then the cash flows for
the case without the employment of new tubing material have been calculated. After
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that, these cash flows have been discounted to account for the time value of the
money. The imputed interest rate has again been figured at 11%.

The discounted cash flows for the best, worst, most realistic case and the case
without any changes which is characterized by 10 interventions per year are
represented on Fig. 5-5.

Fig. 5-5 Discounted cash flows for new tubing material scenarios
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In the best, the worst and the most realistic cases the discounted cash flows are
higher than in the case which considers no employment of new tubing material. The
reason for this is that the annual savings due to the reduced number of interventions
which are caused by the installation of the new materials are much higher than the
annual costs for these new materials. This fact can be seen on Tab. 5-40. Therefore,
huge potential savings could be realized by installing new tubing materials. The
discounted cash flows of the most realistic case lie between the discounted cash
flows of the best and the worst cases.

Then the net present values for the best, the worst and the most realistic cases and
for the case without any changes, which is characterized by an intervention
trequency of 10, have been computed. They have been calculated as the sum of the
discounted cash flows. These net present values for the best case are shown on Fig.

5-6.
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Fig. 5-6 Net present values for different new tubing material scenarios
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In the end, the differences of net present values of the best, worst or realistic case
and the net present value of the case without any changes have been calculated.
They are the cumulative savings realized due to the employment of new tubing
material in the best, worst and most realistic cases. The difference of the net present
values in the year before the first installation is the tubing costs of this year. This
fact can be observed on Tab. 5-40. In the year before the first installation just the
purchase of the new tubing material and the thermoplastic tubular liners is made,
but no wells are completely equipped in this year. Therefore the intervention
frequency cannot be reduced and no savings are realized in the year of the first
investment. Since also no discounting takes place in this year the difference of the
net present values corresponds with the tubing investment costs. The costs for the
wall thickness survey are not included in the tubing investment costs because they
belong to the opex, which are initially realized in the first year of installation and not
in the first year of investment. This fact is displayed for the best case on Tab. 5-28.

The cumulated savings or differences of the net present values are displayed on Fig.
5-7.
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Fig. 5-7 Total savings for different new tubing material scenarios
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The payout period is 3.11 years in the best case, 3.23 years in the most realistic case
and 4.44 years in the worst case. These payout periods are significantly higher than
the payout periods concerning the employment of corrosion inhibitors. The losses
in the year before the first installation coincide with the tubing investment costs in
this year. This fact can also be seen on Tab. 5-40.

5.5 Sucker rod string

The calculation of the total savings and the annual production increase due to the
employment of new sucker rod string material is very similar to the savings and
production increase calculation concerning the new tubing material employment.
The difference between both scenarios is the reduction of the actual intervention
trequency. The assumed annual number of frequencies concerning the employment
of new tubing material is lower, because in this scenario the material is not just
exchanged, but the new material is also equipped with new plastic tubular liners.
This additional equipment causes a stronger reduction of the intervention
frequency.

Concerning the installation of new sucker rod strings, three tables which display the
assumed development of the intervention frequencies of all wells have been created
again. These tables have been made for the best, the worst and the most realistic
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case scenarios. They have been used to estimate the total savings and the production
increase caused by the installation of new sucker rod string material.

After a sucker rod string failure is detected, an intervention is carried out to
exchange the broken part. As already mentioned the average depth of a well in
Romania has been assumed with 1,000 meters and the length of a single sucker rod
is about ten meters. For this reason, on average about one hundred single sucker
rods are installed in every well. Due to the annual intervention frequency of 10
interventions per well per year, about 10 single sucker rods are exchanged per well
per year. These are 10% of the 100 single sucker rods in a well. On the basis of this
procedure it has been assumed that about 10% of the sucker rod strings are replaced
per year in Romania at the moment. The same assumption has been applied to
estimate the actual exchange rate of tubing material in Romania.

For the reduction of the actual intervention frequency of 10 interventions per well
per year a certain percentage of wells is supposed to be completely exchanged with
new sucker rod string material in Romania. These new sucker rod strings are
additionally equipped with protectors to centralize the string. Furthermore a new, or
at least, repaired sucker rod pump is installed in every completely exchanged well.

The percentage of completely exchanged wells per year for the best, worst and most
realistic case is also the same as for the scenarios which concern the new tubing
material installation. That means that for best case, 15% of the wells are completely
replaced with new sucker rod string material in the first three years and then 20%
are completely replaced in the fourth and fifth years of the calculation model
Additionally all the wells which have not been completely exchanged, will still have
10 interventions per year, and so an exchange rate of ten percent per year. But this
10% is replaced by exchanging the damaged sucker rods piecewise.

Consequently in the first year of new sucker rod string installation, 15% of all sucker
rod pumped wells are completely replaced with new sucker rod string material and
10% are exchanged in stages as it has been standard in Romania until now. In the
first year this is exactly 25% of all sucker rod string material. The number of wells
which still include old sucker rod string material is decreasing annually. Ten percent
of the wells including old sucker rod string material are also exchanged gradually in
the following years, but compared to the entire sucker rod pumped wells, these are
less than 10% due to the decreasing number of wells with old material. Therefore,
the percentage of completely exchanged wells is increased after the third year. By
doing this the whole percentage of newly installed wells is again about 25%,
otherwise it would decrease.

Tab. 5-41 shows the development of the assumed annual intervention frequency of
the wells which are completely exchanged with new sucker rod string material in the
best case. The first row of the table shows the years of the calculation model and
the first column represents the percentage of annually completely equipped wells.
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Tab. 5-41 Development of the intervention frequencies due new sucker rod string material in the

best case
Fercentage of wells 1*year year Fynar 4"year E%ywar
15,00% 76 5 o 4 4
15,00%, ik 15 5 5 4
1600% 10 1l 75 & =3
20005 10 1l 10 15 =3
20,00% i i 10 i) 75
1600% 10 10 0 10 10

The intervention frequency of the 15% of the wells which are completely equipped
with new sucker rod string material in the first year has been assumed as a rate of
7.5 interventions per well per year in this year. In the second year of the installation
their intervention frequency decreases to 5, and in the fourth year to 4. In the first
year, it has been assumed at a significantly higher rate than in the following years, as
it has been done for the employment of corrosion inhibitor and new tubing
material. The reason for this is that not all wells can be equipped at the same time.
In the first year of installation, the other 85% of the wells are not equipped with
new sucker rod string material. For this reason, their intervention frequency remains
at 10 interventions per well per year.

The 15% of the wells which are completely equipped with new material in the
second year show an intervention frequency of 7.5 in the second year. The
intervention frequency of these wells has the same development as the wells which
have been equipped in the first year, but with a delay of one year.

Wells which are later equipped with the new sucker rod string material show the
same development of the intervention frequency, but with a delay of for example
two years if they are equipped in the third year or with a delay of four years if they
are equipped in the fifth year. This fact is also shown on Tab. 5-41. In the best case
scenario of new sucker rod string installation 15% of the wells are not equipped
with new tubing material. For this reason the intervention frequency of these wells
always stays at 10, which can be seen in the last row of Tab. 5-41.

Concerning the most realistic case of new sucker rod string installation, 10% are
again exchanged in stages as has been standard in Romania until now. Furthermore,
10% of the sucker rod string material is replaced by exchanging complete sucker rod
strings in the first three years and 15% of the sucker rod string material is replaced
by exchanging complete sucker rod strings in the fourth and fifth years. The reason
for the increase of the percentage of wells which are completely exchanged with
new sucker rod string material in the fourth year is the same as in the best case.
Altogether about 20% of the tubing material is exchanged every year.

Tab. 5-42 displays the development of the assumed annual intervention frequency
of the wells which are completely exchanged with new sucker rod string material in
the most realistic case.
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Tab. 5-42 Developing of the intervention frequencies due to new sucker rod string material

employment in the most realistic case

Percentage of wells 1*year 2" year Fyear 4"year ™ ymar
10,00%: L] ] b 4 4
10,00%, 10 75 & & 4
10,00% 10 16 Th 2 &
16.00% 10 1 0 L] ]
1500% 1 1 10 1 T
40 005 10 1 10 10 10

The table shows the same development of the intervention frequencies as for the
best case. The difference to the best case is that a smaller percentage of wells are
equipped with new sucker rod string material and so fewer wells are affected by an
intervention frequency decrease. 40% of the sucker rod pumped wells are not
equipped with new sucker rod string material during the five years of the calculation
model in the most realistic case. The intervention frequency of these wells always
stays at 10.

In the worst case of sucker rod material employment 5% of the sucker rod pumped
wells are equipped with new sucker rod string material per year in the first three
years and 7% are equipped in the fourth and in the fifth year. Additionally, as in the
best and most realistic, case 10% of the sucker rod pumped wells are exchanged in
stages as has been standard in Romania until now. The percentage of wells which is
completely updated with new tubing material is again increased from 5% to 7% after
the third year to maintain an average annual exchange rate of about 15% per year.
The reason for this percentage increase has already been explained in the best case.
The development of the intervention frequencies for the completely exchanged
wells in the worst case is displayed on Tab. 5-43.

Tab. 5-43 Developing of the intervention frequencies due to new tubing material employment in
the worst case

Percentage of wells 1*year "year I year 4"year & year
5,00% 75 5 5 q 4
5 00% 10 15 5 5 4
B0, 10 10 Th ) &
7 00% 0 10 10 75 5
7o, 10 10 10 10 75
T100% 10 10 10 10 10

The table for the worst case has the same structure as the tables for the best and the
most realistic cases. The significant difference to the best case and the most realistic
case is again the smaller percentage of wells which are equipped annually with new
sucker rod string material. For this reason a smaller percentage of wells are affected
by the intervention frequency decrease. 71% of the sucker rod pumped wells are not
equipped with new tubing material during the five years of the calculation model in
the assumed worst case. Therefore these wells are characterized by an intervention
frequency of 10 as is shown in the last row of Tab. 5-43 .

The calculations of the costs for the new sucker rod string material and the
estimates of the total savings due to the employment of new sucker rod string
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material have been carried out on the basis of these assumed intervention
frequencies.

5.5.1 Costs of the new sucker rod string material

The essential data to estimate the costs of the new sucker rod string material are the
costs per piece for the sucker rod grade D special material, the costs per piece for the
rod guides and the average costs for the repair of a sucker rod pump. Other
necessary data for the cost estimations are the number of sucker rod pumped wells
in Romania, the length of a sucker rod piece and the average number of sucker rod
pieces in a well. Like the required data for the tubing material cost calculation, all

these data are based on statements of experts from OMYV. These data are displayed
on Tab. 5-44.

Tab. 5-44 Necessary data for the sucker rod string material costs calculation

Price of sucker rod grade .
D special material 8.4 [Furo/piecc]
Rod guide price 12.1 [Euro/piece]
Average costs for a
sucker rod pump repair 1,000 [Furo/pump]
Number of sucker rod 7,579 B
pumped wells
Length of a sucker rod 10 [meter]
Average number of
sucker rods per well 100 L]

Tab. 5-45 Calculation of the total annual sucker rod string costs for the best case
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The calculation of the total annual sucker rod string material costs for the best case
is displayed on Tab. 5-45. As already mentioned, every new rod is equipped with
three new rod guides to centralize the sucker rod string and every newly installed
sucker rod string is also equipped with a repaired sucker rod pump. For this reason
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the total annual sucker rod string material costs include the costs of the new sucker
rod material grade D special, the costs of the rod guides and the costs of the pump
repairs. In the calculation model all the sucker rod string materials are bought in the
year before the installation takes place. Therefore their costs, including the repair
costs of the pump, are also realized in the year before the installation.

First of all the calculation of the annual sucker rod string material costs for the
10 % of the sucker rod string material which is exchanged as has been standard in
Romania until now has been carried out. This 10% refers to the wells which have
not already been completely exchanged. In the first year, these are exactly 10% of
the entire sucker rod string material which is installed the sucker rod pumped wells.
But in the following years this replaced sucker rod string material is decreasing,
because of the decreasing number of sucker rod pumped wells which still include
old material. The annual sucker rod string material costs for these 10% have
been calculated by applying the following formula:

Annual SRS material costs = a*(1—b)*10%* ((c +d *3)*100 + e)

a = Number of sucker rod pumped wells

b = Percentage of already exchanged wells

¢ = Price per piece of the sucker rod grade D special material
d = Rod guide price

e = Average costs for a sucker rod pump repair

The rod guide price is multiplied by three because every sucker rod is supposed to
be equipped with three rod guides. The sum of the price of a sucker rod and the rod
guide price is multiplied with 100, because on average 100 sucker rods are installed a

sucker rod pumped well. The results of these calculations are shown in the third
row of Tab. 5-45.

The next step is the calculation of the annual sucker rod string material costs for
the additional percentage of tubing material which is equipped every year.
These costs have been calculated by applying the following formula:

Annual SRS material costs = a*b*((c+d*3)*100 + ¢)

a = Number of sucker rod pumped wells

b = Percentage of completely exchanged wells in the following year
c = Price per piece of the sucker rod grade D specia/ material

d = Rod guide price

e = Average costs for a sucker rod pump repair

The percentage of completely exchanged wells is taken from the following year,
because, as already explained, the sucker rod string material is bought in the year
before the installation takes place. As already described in the preceding chapter, the
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percentage of the wells which are completely exchanged is increased in the third
year. These costs are represented in the fourth row of Tab. 5-45.

For the comparison of the annual exchanged tubing material the total annual
exchange rate has been calculated. In the year before the first year of installation
this is 25%, which is the sum of 10% and the additional installed 15. For the
following years the total annual exchange rate has been evaluated by multiplying
10% by the percentage of wells which has not been completely exchanged until the
respective year and adding 15% to this product. For the first year of installation for
example this is 10% times 85%, which is the percentage of not completely
exchanged wells, plus 15%. The result is the total annual exchange rate of new
sucker rod string material in the second year, which has to be bought in the first
year of the calculation model. This percentage decreases annually as can be observed
on Tab. 5-45. Therefore the annual percentage of the wells which are completely
exchanged is increased in the third year.

Finally the total annual tubing costs have been calculated as the sum of the
annual sucker rod string material costs for the 10 % of the sucker rod string
material which is exchanged as has been standard in Romania and the annual
sucker rod string material costs for the additional percentage of tubing
material. The results of these calculations are shown in the last row of Tab. 5-45.

The total tubing costs for the worst and the most realistic case have been calculated
again in the same manner. The outstanding difference in the calculations is the

percentage of equipped wells per year. This fact can be observed in the fourth row
of Tab. 5-46 and Tab. 5-47.

Tab. 5-46 Calculation of the total annual sucker rod string costs for the most realistic case
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Tab. 5-47 Calculation of the total annual sucker rod string costs for the worst case
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5.5.2 Production increase and intervention cost savings for the
best case

The next step in the calculation model is the calculation of the annual production
increase, the annual revenues and annual intervention cost savings due to the
installation of new sucker rod string material. These calculations have been based on
the assumed intervention frequency decrease due to the employment of new sucker
rod string materials. This reduced number of interventions per year causes an
increase in production, which leads to higher annual revenues. The intervention
reduction also causes reduced annual intervention costs, which are additional
savings due to the reduced intervention frequency. These facts have already been
described in relation to the employment of other technologies in preceding chapters.

Concerning the best case of the new sucker rod string material installation 10% of
the sucker rod pumped wells are exchanged stepwise as has been standard in
Romania until now and additionally 15% are equipped in the first three years and
then another 20% are equipped in the following years. The assumed intervention
frequency reduction due to the installation of new sucker rod string material in the

best case is displayed on Tab. 5-41.

The annual production increase, annual revenues and the intervention cost savings
have been calculated separately for the annual percentage of wells which are
additionally completely equipped with new sucker rod string material. That means
that these values have been evaluated at first for the 15% of the wells which are
additionally equipped in the first year, then for the 15% which are equipped in the
second year and so on. Finally, the calculated values have been added to obtain the
total production increase, the total annual revenues and total annual intervention
cost savings for the best case. These calculations have been carried out in the same
manner as the annual production increase, annual revenues and the intervention
cost savings calculations for the corrosion inhibitor employment and new tubing
material installation. The significant difference to the calculation concerning the
employment of new corrosion inhibitor is the number of yearly equipped wells.
Concerning the installation of new tubing material the difference is the assumed
intervention frequency decrease, which has been assumed stronger than for the new
sucker rod string material installation.

Tab. 5-48 shows the calculation table of the annual production increase, the annual
revenues and the annual intervention cost savings for the 15% of the sucker rod
pumped wells which are equipped with new sucker rod string material in the first
year.
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Tab. 5-48 Annual production increase, annual revenues and annual intervention cost savings of
the 15% of the wells equipped with new sucker rod string material in the first year
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The following data have been calculated to estimate the production increase, the
annual revenues generated by the production and the annual savings of the 15% of
the sucker rod pumped wells, which are completely exchanged in the first year:

e annual intervention costs per well for 7.5 interventions per year

e annual intervention costs for 7.5 interventions per well for the 15% of
the wells (old scenario)

e annual intervention costs for 10 interventions per well for the 15% of
the wells

e annual savings due to the reduced number of interventions from 10 to
7.5

e annual production losses per well for 7.5 interventions per year
e annual production losses of the 15% of the wells

e annual oil production of the 15% of the wells

e annual oil production of the old scenario of the 15% of the wells
e annual production increase

e annual revenue

The calculation of these data has been carried out in the same way as it has been
done for the corrosion inhibitor employment and the installation of new tubing
material. The calculation of these data has been explained in detail in section 5.3.2
and in section 5.4.2.

Afterwards, the annual production increase, the annual revenues and annual
intervention cost savings for the 15% of the wells which are equipped with new
tubing material in the second year have been evaluated. They have been calculated
in the same way as has been done for the 15% of the wells equipped in the first year.
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Tab. 5-49 shows the calculation table of the annual production increase, the annual
revenues and the annual savings due to the reduced number of interventions for the
15% of the sucker rod pumped wells which are equipped in the second year. The
considerable difference to the wells which are equipped in the first year is that there
are no savings due to reduced interventions and no production increases in the first
year, because the new sucker rod string material is installed in the second year.
Therefore no changes take place in the first year.

The tables for the wells which are equipped with new sucker rod strings in the third,
the fourth and the fifth year have the same structure. The annual intervention
frequency of theses wells remains at 10 until the installation of the new sucker rod
strings takes place. That means that these wells show again no production increase
and no savings until they are equipped with new sucker rod string material.

In the best case, 15% of the sucker rod pumped wells are not completely equipped
with new sucker rod strings. The annual intervention frequency of these wells
remains at 10 until the end of the calculation model. The tables concerning the wells
which are equipped in the third, fourth and fifth year and the wells which are not

equipped with new sucker rod strings are shown on Tab. 10-23, Tab. 10-24, Tab.
10-25 and Tab. 10-26 in the Appendix.

Tab. 5-49 Annual production increase, annual revenues and annual intervention cost savings of
the 15% of the wells equipped with new sucker rod string material in the second year
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At the end of the calculations the annual oil production, the annual revenues
generated by the production and the annual savings due to the reduced
interventions of all wells have been summed up to arrive at the total annual
production, total annual revenues and total annual savings for the entire 7,579
sucker rod pumped wells. These results are displayed on Tab. 5-50.

Tab. 5-50 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the best case
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The annual oil production and annual revenues are still decreasing annually but
the annual production and the annual revenues are higher than on Tab. 5-5, which
represents the annual oil production and annual revenues for an intervention
frequency of 10 interventions per year. Therefore the annual production decline of
ten percent has been reduced due to the installation of new sucker rod strings. The
annual savings due to a reduced number of interventions are increasing,
because the intervention frequency is reduced from year to year, and so the savings
caused by this reduction are rising. These facts have also been shown for the
employment of new corrosion inhibitor and for the installation of new tubing
material.

5.5.3 Production increase and intervention cost savings for the
worst case

In the worst case of the new sucker rod strings installation the actual exchange rate
of 10% will also be maintained as has been standard in Romania until now and an
additional 5% are completely equipped in the first three years and then another 7%
are completely equipped in the fourth and fifth year. Tab. 5-43 represents the
assumed intervention frequency reduction due to the installation of new sucker rod
string material in the worst case.

The calculation of the annual production increase, the annual revenues and the
annual intervention cost savings due to a reduced number of interventions have
been carried out in the same manner as for the best case. The difference is the
number of wells, which are completely exchanged each year. At the end of the
calculations for the worst case, all the separately calculated annual production
increases, annual revenues and the intervention cost savings have again been
summed up to get the total production increase, the total annual revenues and the
total number of intervention cost savings for the worst case. The calculations
regarding the 5% of the wells which are equipped with new tubing material in the
first year are displayed on Tab. 5-51.

Tab. 5-51 Annual production increase, annual revenues and annual intervention cost savings of
the 5% of the wells equipped with new sucker rod strings in the first year
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The requested data to estimate the annual production increases, annual revenues
and the intervention cost savings of the first year are the:

e annual intervention costs per well for 7.5 interventions per year

e annual intervention costs for 7.5 interventions per well for the 5% of
the wells which are completely exchanged

e annual intervention costs for 10 interventions per well for the 5% of the
wells (old scenario)

e annual savings due to the reduced number of interventions from 10 to
7.5

e annual production losses per well for 6 interventions per year

e annual production losses of the 5% of the wells

e annual oil production of the 5% of the wells

e annual oil production of the old scenario of the 5% of the wells
e annual production increase

e annual revenue

The calculation procedure for these data is the same as for the best case. The only
difference is the percentage of equipped wells per year.

The calculation table of the annual production increases, the annual revenues and
the intervention cost savings for the 5% of the wells which are equipped in the
second year is displayed on Tab. 5-52. These wells are equipped with new sucker
rod strings in the second year. Therefore the total intervention costs per year do not
decrease earlier, and so in the first year of the calculation model there are no savings
due to reduced interventions and no production increase for these 5% of the wells.

Tab. 5-52 Annual production increase, annual revenues and annual intervention cost savings of
the 5% of the wells equipped with new sucker rod strings in the second year
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The tables which show the calculation of the annual production increases, the
annual revenues and the annual intervention cost savings for the wells which are
completely equipped in the third, the fourth and the fifth year can be seen on Tab.
10-27, Tab. 10-28 and Tab. 10-29 in the Appendix. The annual intervention
frequency of theses wells remains at 10 until the installation of the new sucker rod
strings takes place. For this reason these wells again show no savings and no
production increase until the new sucker rod strings are installed.

Nearly 30% of all sucker rod pumped wells are completely equipped with new
tubing material in the five years of the calculation model in the worst case of new
sucker rod string installation. The intervention frequency for the rest of the wells
stays at 10 and consequently no savings and no production increase are realized for
these wells. The calculation table of the annual production increases, the annual
revenues and the annual intervention cost savings for these wells can be seen on

Tab. 10-30 in the Appendix.

In the end, the results of all the calculation tables have been added to obtain the
annual production, the annual revenues and the annual savings for the entire
7,579 sucker rod pumped wells. These sums are displayed on Tab. 5-53.

Tab. 5-53 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the worst case
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In the worst case of new sucker rod strings installation the annual production and
the annual revenues are also higher than on Tab. 5-5, which shows the annual oil
productions and annual revenues for an intervention frequency of 10 interventions
per year. Concerning this case less sucker rod pumped wells are completely
exchanged with new sucker rod strings than in the best case. For this reason the
annual production decline of ten percent is also reduced, but not as significantly as
in the best case. The annual savings due to a reduced number of interventions
are also lower than in the best case due to the lower number of newly equipped
wells.

5.5.4 Production increase and intervention cost savings for the
realistic case

Concerning the most realistic case of the new sucker rod string installation the
actual exchange rate of 10% will be maintained again and an additional 10% of the
sucker rod pumped wells are completely equipped in the first three years and then
another 15% are completely equipped in the following years. The assumed
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intervention frequency development due to the installation of new sucker rod string
material in the most realistic case can be seen on Tab. 5-42.

The annual production increase, the annual revenues and the annual intervention
cost savings due to a reduced number of interventions have been estimated after the
same procedure which has been applied for the best and the worst case. The
significant difference is again the percentage of completely equipped wells per year
and consequently the number of wells which are affected by the reduced
intervention frequency. The calculation table of the 10% of the wells which are
equipped with new sucker rod strings in the first year is shown on Tab. 5-54. The
structure of this table is the same as for the best and the worst cases.

Tab. 5-54 Annual revenues and annual intervention cost savings of the 10% of the wells
equipped with new sucker rod strings in the first year
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The next step is the calculation of all the data which are listed on the table. These
data have been evaluated in the same way as for the best case and the worst case,
but as already mentioned for a different number of equipped wells per year. The
procedure of these calculations has already been explained in detail in section 5.3.2
and in section 5.4.2.

The calculation table of the annual production increase, the annual revenues and the
annual savings due to the reduced number of interventions for the 10 % of the wells
which are equipped with new tubing material in the second year is represented on
Tab. 5-55. As can also be noticed in the best and worst cases, the total intervention
costs per year do not decrease in the first year, because no new sucker rod strings
are installed in the first year for this 10% of the wells. For this reason, the number
of interventions per well is still at 10 in the first year. Consequently, there are also
no savings due to reduced interventions and no production increase for these 10 %
of the wells in the first year of the calculation model.
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Tab. 5-55 Annual revenues and annual intervention cost savings of the 10% of the wells
equipped with new sucker rod strings in the second year
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The calculation tables of the annual production increases, the annual revenues and
the annual intervention cost savings for the wells which are completely equipped in
the third, fourth and fifth years are represented on Tab. 10-31, Tab. 10-32 and Tab.
10-33 in the Appendix. Concerning these wells the annual intervention frequency
per well stays at 10 until the installation of the new sucker rod strings has taken
place. Consequently these wells show again no savings and no production increase
until the new sucker rod strings are installed.

Forty percent of the sucker rod pumped wells are not installed with new sucker rod
strings in the most realistic case during the time period of the calculation model.
The intervention frequency of these wells always stays at 10 and consequently no
savings and no production increase are realized for these wells. The calculation table
of the annual production increases, the annual revenues and the annual intervention
cost savings for these wells is shown on Tab. 10-34 in the Appendix. Finally the
results of all the particular calculation tables have been summed up again to receive
the annual production, the annual revenues and the annual savings for all of
the 7,579 sucker rod pumped wells. Theses results are shown on Tab. 5-56.

Tab. 5-56 Annual production, annual revenues and annual intervention cost savings of all 7,579
sucker rod pumped wells in the most realistic case
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The results are characterized by the same facts that could be noticed for the
employment of the corrosion inhibitor and the installation of new tubing materials.
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That means that the annual oil production and revenues generated by the
production are again higher than on Tab. 5-5, which displays the annual oil
productions and annual revenues for an intervention frequency of 10 interventions
per well per year. The actual production decline of 10% has been reduced again over
the years of the calculation model. The reduction of this decline is lower than in the
best case, but higher than in the worst one. For this reason, the annual oil
productions, the annual revenues and the savings also lie between the results of the
assumed best case and the assumed worst case.

The total annual oil productions and the annual production increase in absolute
numbers and in percent are represented on Fig. 10-7, Fig. 10-8 and Fig. 10-9 in the
Appendix.

5.5.5 Difference in net present value for the best, worst and
realistic case

The total savings due to the installation of new sucker rod strings have again be
calculated as the difference of two different net present values. The first one is the
net present value which considers a reduced number of interventions per well per
year. The second one is the net present value of the future scenario without any
changes which considers no installation of new sucker rod strings and therefore no
reduction of the actual intervention frequency of 10 interventions per well per year.
These total savings are the differences between the net present values of both
scenarios and must not be mistaken with the savings due a reduced number of
interventions. The annual cash flows considering the installation of new sucker rod
strings have been evaluated in the following way:

Annual revenues (generated by the oil production)
+ Annual savings (due to reduced interventions)

- Annual total sucker rod string and pump repair costs

= Annual cash flows

The next step is the calculation of the annual cash flow for the scenario which
considers no installation of new sucker rod strings. In this scenario, as already
mentioned, the intervention frequency has not been decreased. Consequently, no
annual savings are realized, but also no additional investment costs have to be
expended. Therefore, the annual revenues equal the annual cash flows.

Tab. 5-57 displays the calculation of the difference in net present value for the best
case of the installation of new sucker rod strings. The calculation tables of the
difference in net present value for the worst case and the most realistic case for the
installation of new sucker rod strings are displayed on Tab. 10-35 and Tab. 10-36 in
the Appendix.
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Tab. 5-57 Difference in net present value for the best case
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First, the annual cash flows for the assumed best case of the installation of new
sucker rod strings have been calculated. Then, the cash flows for the case which
considers no installation of new sucker rod strings have been evaluated. Afterwards,
these cash flows have been discounted to consider the time value of the money.

Fig. 5-8 represents the discounted cash flows for the best, worst, most realistic cases
and the case without any changes which is characterized by 10 interventions per well

per yeat.
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Fig. 5-8 Discounted cash flows for sucker rod string material scenarios
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As can be observed on Fig. 5-8 the discounted cash flows in the best, worst and
most realistic cases are higher than in the scenario, which considers no installation
of new sucker rod strings. The cause for this is that the annual savings due to the
reduced intervention frequency which are caused by the installation of the new
sucker rod strings are much higher than the annual costs for these new sucker rod
string materials. For this reason huge potential savings could be enabled by installing
new sucker rod strings. The annual savings due to a reduced intervention frequency
and the annual costs for the sucker rod string materials are represented in the third
and fourth row of Tab. 5-57. The discounted cash flow of the most realistic case lies
between the discounted cash flows of the best and the worst cases.

The next step is the calculation of the net present values for the best, the worst and
the most realistic case and for the case without any sucker rod string installation,
which is characterized by an intervention frequency of 10. These net present values
are the sum of the discounted cash flows. Fig. 5-9 represents all these estimated net
present values.
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Fig. 5-9 Net present values for different new sucker rod string material scenarios
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Finally, the total savings due to the installation of new sucker rod string material
have been calculated. As already mentioned, these total savings are the differences
of net present values of the best, worst and or realistic case and the net present
value of the case without any changes. The difference of the net present values in
the year before the first installation is the costs for the new sucker rod string
material in this year. This fact can be seen on Tab. 5-57. In the year before the first
installation just the purchase of the new sucker rod string material is carried out, but
no sucker rod pumped wells are completely equipped in this year. For this reason
the intervention frequency is not reduced and no savings are realized in the year of
the first investment. Since also no discounting takes place in this year the difference
of the net present values equals the costs for the sucker rod string material. The
cumulated savings or differences of the net present values are displayed on Fig.
5-10.

The payout period is 1.75 years in the best case, 3.1 years in the worst case and 2.11
years in the most realistic case.
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Fig. 5-10 Total savings for different new sucker rod string material scenarios
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5.6 Combination scenario of the most realistic cases

The last scenario, which has been calculated to estimate the total savings and
production increase due to the employment of new materials and new technologies,
is the combination of the most realistic cases of the corrosion inhibitor
employment, the installation of new tubing materials and the installation of new
sucker rod strings. The newly installed equipment is exactly the same as in the most
realistic cases of the previously described planned actions. Concerning the preceding
calculations, an intervention frequency reduction has only been assumed for those
wells which have been affected by the employment of new technologies or the
installation of new materials. But, in this case, the intervention frequency reduction
has been assumed for the entire 7,579 sucker rod pumped wells in Romania. The
reason for this procedure is that a different number of wells are affected by the
different planned actions in the assumed most realistic cases as can be observed on
Tab. 5-58. For example in the first year of installation 1,000 wells are supposed to
be inhibited but only 10% of the wells — which makes up about 750 wells — are
equipped with new materials. Therefore in the first year of installation there are
wells which are affected by several new technological updates, wells which are just
treated with corrosion inhibitor and wells which are not affected by any new
technological updates. Consequently the intervention frequency reduction cannot be
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assumed for a certain number of wells. Tab. 5-58 shows the percentage of wells
which are affected by the corrosion inhibitor employment, the installation of new
tubing material and the installation of new sucker rod strings in the combination
scenario. The percentages of newly equipped wells are exactly the same as in the
most realistic cases of the other planned actions. But, due to the fact that the
intervention frequency is decreased, the actual exchange rate of 10%, which is
standard in Romania at the moment, will also decline from year to year. This fact
will be explained more precisely in the following chapter. Tab. 5-58 also displays the
assumed intervention frequency development for the 7,579 sucker rod pumped
wells. As can be seen in the second row of Tab. 5-58, the average intervention
frequency in this combination scenario is assumed with eight interventions per well
per year in the first year of installation. This average intervention frequency is
assumed to decrease during the time period of the calculation model until it reaches
two interventions per well per year in the fifth year of the calculation model.

Tab. 5-58 Development of the intervention frequencies due to new technology employments in
the combination scenario and number/percentage of equipped wells

Combination 1"year T yvar Tyear 4*year 5*year
Number of interventionsiwellyear: 80 55 30 25 20
Corrasion Inhibitor:
Inhibitor treatment pumpslyear; 1000 2000 2000 0 0
Tubing:
Percentage of stepwize aquip, wells; B0% B.5% 0% 25% 200
Fercentage of completely aguip, wals; 10% 10% 10% 15% 15%
Sucker rod string:
Parcentage of stepuise aquip, wels, B0% B5% 3% 25% 2.0%
Paicentage of comphetely equip, wels: 10% 10% 1% 15% 15%

5.6.1 Costs for the combination scenario of the most realistic
cases

The costs for the combination scenario include the corrosion inhibitor
employment costs, the total tubing material costs and the total sucker rod
string material costs concerning the most realistic cases.

The corrosion inhibitor employment costs concerning the combination scenario
are exactly the same which have already been described in detail for the most
realistic case in section 5.3.1. The calculation table for the corrosion inhibitor
employment for the combination scenario is displayed on Tab. 5-12.

The total tubing material costs and the total sucker rod string material costs in
this case differ a little bit from the total tubing costs which are shown for the most
realistic case on Tab. 5-29 and the sucker rod string material costs for the most
realistic case which are displayed on Tab. 5-46. The percentage of completely
exchanged wells is the same for both scenarios, and so the total tubing costs and the
total sucker rod string material costs for the completely equipped wells are the same.
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But the percentage of tubing material and sucker rods which are replaced in stages
as has been standard in Romania until now is slightly different. As already described
the assumed intervention frequency reduction in this case refers to the entire 7,597
sucker rod pumped wells in Romania and not only to the completely exchanged
wells as in the other scenarios. Concerning the first year of installation the
intervention frequency is assumed at eight interventions per well per year. An
average well includes about 100 tubings and 100 sucker rods. If a failure occurs, the
destroyed tubing and sucker rod are exchanged by carrying out an intervention.
Consequently, considering 8 interventions per well per year in the first year of
installation, eight percent of the tubing and sucker rod string material are exchanged
stepwise. This fact can be observed on Tab. 5-59 and Tab. 5-60. These tables show
the total tubing material costs and the total sucker rod string material costs for the
combination scenario.

Tab. 5-59 Calculation table of total tubing material costs for the combination scenario

Tubing costs (Combination)  Year before *year year Myear | Yyer Myear Myear
P“‘m“"’“”'““"“"“::cﬁﬁ:"; W s | | |
Annual tubing material costs [Eurolyear): 1.21692000€| 1711.90974€| 420634500€) 3505287 50| 2804.23000€  2.804.230,00¢
Additional annual exchange rate 10,0% 10,0% 10,0% 15,0% 15,0%
Annual tubing material costs [Eurolyear): 14.028.720.00€ | 14.026,729.00€ | 14.028.720.00€ ) 21.043.093,50€ | 21,043.093.50 €| 21,043.003,50 €
Annual ining process costs (Euralyear]: LIM03028€) 3754.00028€| 37M400028€ S6I.04542€| SE304542€] SEI04542€
Annual wall thickness survey costs [Euralyear]: 23T0000€) 227370000€| 2273.70000€ | 341055000€) 3410.550,00€
Tatal annual exchandge rate: 18,0% 15,8% 13,0% 11,5% 11,0%
Total annual fubing costs [Eurolyear]: JB990679.28€ | 21.768.450.02€ | 2426280428 €| 32453.126,42¢€ | 3288801892 € | 32.888.918.92€
Tab. 5-60 Calculation table of sucker rod string costs for the combination scenario
Sucker rod trng costs (Comblnaton) tevst'yr |ty My M S |
Pl of wells which are sapwlia sachingsd. k0% ek 0% [ i
ML
o 144 o 124 Hi
RN
LI HEES 3 1744 I
G dae| mamasne anaie| manogag

5.6.2 Production increase and intervention cost savings for the
combination

In the last two chapters the intervention frequency decrease caused by the new
technology employments and the costs for these new technologies and materials
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have been described. On the basis of these data the annual production increase,
annual revenues and annual intervention costs savings due to a reduced number of
interventions for the combination case have been estimated.

In the most realistic case of new corrosion inhibitor employment, 1,000 inhibitor
treatment pumps are installed in the first year, 2,000 are installed in the second and
2,000 are installed in the third year.

Concerning the most realistic cases of the new tubing material employment and new
sucker rod strings installation, 10% of the wells are equipped in the first three years
and then 15% are additionally equipped in the fourth and fifth year of the
calculation model.

Tab. 5-61 represents the calculation table the annual production increase, annual
revenues and annual intervention costs savings due to a reduced number of
interventions for the combination scenario.

Tab. 5-61 Annual production increase, annual revenues and annual intervention cost savings of
the entire 7,579 wells

Combination scenario 1"year Tyear 3year {"year 5 year
Number of intervention per well per year; 80 55 30 25 20
Intervention costsiwellyear [ Eurolyear |: 18.169,36 € 1249203 € 6.813.51¢€ 367793¢€ 454214 ¢

Total intervention costsiyear (new) [Eurofyear]:| 137.705.57944 € | 94677.00430€ |  51.639.502.20€ | 43.032.99358€ | J4.426.30486¢
Total intervention costs/year (oid) [ Euroiyear ;| 172131.07430€ | 172131.97430€ | 17213997430 € | 172.131.974,50 € | 172.131.974,30 €
Production lossesiwellyear [ tonsiyear J; 7,14 5387 2647 19,85 14,29
Total production losses/year [ tonsiyear | 66041419 408.650,74 200.,600,81 150.430,61 108.324,44
Total production losses/year [ bbliyear ]: 4.840,836,00 2.995.40091 1470.403.94 1,102.802,95 794,018,12
Total ol production/year (old) [ tonsiyear ]. 3.311.942.56 2.980,028. 11 168202548 241382203 2.172.440,64
Total ol production/year (old] [ bbliyear J. 24.270.675,00 21.841.607 50 19.659.246,75|  17.693.322.08|  15.923.989.87
Production increase/year [ bbliyear ]: 1,210,209,00 2.450,330,59 343094252 3.308.408,83 317607250
Tofal ol productionfyear (new) [ bidiyear ]: 25.480.884,00 24.294.138,09 23,000,189,27|  21,001.73093|  19.100.062,37
Revenues | year [Eurofyear J;| 1.146.639.780.00 € | 1.003.236.213,80 € | 1.039.058.516,93 € | 945.077.891,79 € | 859.502.806.52 €
Savings due to reduced interventionsiyearf Eurolyear ;| 34426304 86€ |  77454.880,00€ | 12049238201 € | 129,098.980,73 € | 137.705.579.44 €

The calculation of the following data was necessary to evaluate the annual
production increase, the annual revenues generated by the production and the
annual intervention costs savings due to a reduced number of interventions for the

combination scenario in the first year:

annual intervention costs per well for eight interventions per year

annual intervention costs for eight interventions per well for the entire
7,579 sucker rod pumped wells

annual intervention costs for 10 interventions per well for the entire
7,579 sucker rod pumped wells

annual savings due to the reduced number of interventions from 10 to

8

annual production losses per well for eight interventions per year

annual production losses of the entire 7,579 sucker rod pumped wells
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e annual oil production of the entire 7,579 sucker rod pumped wells

e annual oil production of the old scenario of the entire 7,579 sucker rod
pumped wells

e annual production increase

e annual revenue

The calculation of these data has been carried out in a similar way as has been done
for the other planned actions. The significant differences are the assumed annual
intervention frequencies and the number of wells which are affected by new
technology employments. The calculation procedure of these data has been
described in detail in section 5.3.2 and in section 5.4.2.

For the following years, the requested data is calculated in the same way but for a
different intervention frequency as it can be seen in the second row of Tab. 5-61.

Considering the combination scenario, the annual oil productions and revenues
generated by the production are significantly higher than in the other previously
calculated planned actions. They are also, of course, higher than on Tab. 5-5, which
represents the annual oil productions and annual revenues for an intervention
frequency of 10 interventions per year. In this case the actual production decline of
10% per year has been reduced more significantly than in all other estimated future
scenarios. Consequently, the savings due to the reduced intervention frequency are
also eminently higher than in the other planned future actions.

The total annual oil productions and the annual production increase due to the new
technology employments — in absolute numbers and in percent — are displayed on
Fig. 10-10, Fig. 10-11 and Fig. 10-12 in the Appendix.

5.6.3 Difference in net present value for the combination
scenario

The total savings caused by the combination of the technology employments have
again been evaluated as the difference of two net present values. The first one is the
net present value which considers a reduced intervention frequency per well per
year. The second one is the net present value of the future scenario without any
changes which considers no employment of new technologies and materials and
therefore no reduction of the actual intervention frequency of 10 interventions per
well per year. The annual cash flows considering the combination of the new
technology employments have been calculated according to the following
procedure:
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Annual revenues (generated by the oil production)
+ Annual savings (due to reduced interventions)
- Annual capex of corrosion inhibitor
- Annual opex of corrosion inhibitor
- Annual total tubing costs

- Annual total sucker rod string and pump repair costs

= Annual cash flows

According to this equation, the annual cash flows for the scenario which considers
no employment of new technologies have been calculated. As already mentioned, in
this scenario, the intervention frequency has not been reduced. Therefore no
savings can be realized, but also no additional investment costs have to be
expended. Therefore the annual revenues equal the annual cash flows. The
calculation of the difference in net present value for the combination scenario is
represented on Tab. 5-62.

Tab. 5-62 Difference in net present value for the combination scenario

SHEIE LR

it '"frrvTT

el ALl TR Lo ¢ oo : : : : - ulibh
Avvl et Cas ey Brufar |, !.HH.‘,!!JHHU il!.'l-il.'ﬂ!-,m ?H?MHHH HHH.'EHH' ST e ALBRORT
___ on e s onfiain i Eduyeu L VMMM SUNLMIRE) MMM RLMSRNG] LI
MMHHHIHHWHHWHIIHMI, LUTASLOSLIEY | LWAIMITOIE | TLIMSE L | dtaRdtahifind tHHH.EH,H{
gt o mbinaton e B | MR LR LA AN LR
(ffc et st Vi | iy . GIinids LSRN HLTLEMAL) BOMLMEL OUBRIMEN | HeliiAl

At first the annual cash flows for the combination scenario and then the cash flows
for the case which considers no new technology employments have been calculated.
After that these cash flows have been discounted to consider the time value of the
money as it can be observed in the ninth and tenth row of Tab. 5-62.

Concerning the discounted cash flow calculations of the other planned future
actions the discounted cash flows have always been represented for the best, worst,
most realistic case and the case without any changes. By contrast Fig. 5-11 shows
the difference of the discounted cash flows of the combination scenario and the
discounted cash flow of the case without any changes.
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Fig. 5-11 Annual savings compared to annual costs for different planned future actions
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These are the annual savings due to the combination of the technology
employments. Fig. 5-11 also shows the annual savings of the most realistic cases of
the other planned actions, which have been calculated in the same way. Due to the
discounting of the cash flows, the differences between the discounted cash flows in
the combination scenario decrease from year to year. In the most realistic case of
the corrosion inhibitor employment, more significant higher annual savings are
realized than in the other planned action, which have been calculated before. But
even in the corrosion inhibitor scenario the difference of the discounted cash flows
decreases from the fourth to the fifth year due to the discounting.

Additionally, the costs for all these future scenarios are displayed on Fig. 5-11. The
costs for the corrosion inhibitor have a very conspicuous development in
comparison to the other planned future actions, because they are significantly
decreasing in the third year of installation. The reason for this different
development is that all the corrosion inhibitor pumps are bought and installed until
the third year. Consequently, from the third year forward, there are only the costs
for the corrosion inhibitor itself and for the maintenance of the pumps, which are
significantly lower than the costs of the pumps. This is also the reason why the
employment of corrosion inhibitor realizes abundantly high savings in comparison
to the new tubing and sucker rod string installation.

Then, the net present values for the combination scenario and the most realistic
cases of the other future scenarios have been calculated. Fig. 5-12 shows the
resulting calculated difference of the net present values of the combination scenario
and the net present values of the case without any changes. These are the cumulated
savings due to the combination of the new technology employment.
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Fig. 5-12 Cumulated savings for different planned future actions
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Fig. 5-12 also displays the cumulated savings of the most realistic cases of the other
planned actions, which have been evaluated in the same way. As displayed on the
table the corrosion inhibitor future scenario realizes the highest savings of the
calculated single technologies. By the employment of corrosion inhibitor about 300
million Euros are estimated to be saved in the five years of the calculation model.
Concerning the new tubing and new sucker rod string installation, the total savings
are approximately 100 million Euros. In the combination scenario the cumulated
savings are more than 550 million Euros. The payout period of the combination
scenario equals 1.25 years. The payout periods of the most realistic cases have
already been described in preceding chapters.
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6 Results of the probabilistic and deterministic
sensitivity analyses

After creating a calculation model to estimate the production increases and total
savings due to the new technology employments, a Monte Carlo Simulation has
been carried out. The aim of this simulation is to ascertain the influence of defined
input parameters on certain output parameters of the calculation model. For these
purposes the input parameters have been varied between before defined boundaries
to consider their influences on the output parameters. As already described in detail
in section 3.3.2 the Monte Carlo Simulation has been performed with the software
@risk®, which is an add-in for Microsoft Excel®.

6.1 Input and output parameters of the Monte Carlo
simulation

The following data of the calculation model has been defined as input parameters of
the Monte Carlo Simulation:

e oil price

e average costs of an intervention

e number of interventions per well per year

e J-55 steel tubing price

e price of the wall thickness survey

e lining process price

e inhibitor price

e inhibitor treatment pump price

e price of the sucker rod grade D special material
e rod guide price

e average costs for a sucker rod pump repair

The values of these input parameters will certainly change during the five years of
the calculation model. According to estimations of experts from OMYV the defined
input data are supposed to vary between the following boundaries, which are
displayed on Tab. 6-1. The two columns from the right show the absolute values or
percentages with which the input parameters are supposed to vary during the five
years of the calculation model. For example the oil price has been assumed at $60 in
the calculation model. As it can be observed in the second row of it has been varied
between -$40 and +$40 during the Monte Carlo Simulation. That means that the
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crude oil price has been varied between $20 and $100 during the simulation. The
current values of the defined input parameters can be seen on Tab. 5-9, Tab. 5-27

and on Tab. 5-44.

Tab. 6-1 Defined boundaries of the input parameters

Input parameter

Value of the
input parameter

Absolute value or
percentage to
lower boundary

Absolute value or
percentage to
upper boundary

Oil price

$60

+$40

Average costs for
an intervention

[Euro]

2,271.2

+20%

Assumed number
of interventions in
5 years

21

-10%

+10%

J-55 steel tubing
price [Euro/metet]

18.5

0%

+20%

Price of the wall
thickness survey
[Euro/metet]

0%

+10%

Lining process
price [Euro/metet]

4.95

0%

+10%

Inhibitor price

[Euro/litet]

2.5

0%

+10%

Inhibitor treatment
skid price
[Euro/skid]

5,000

0%

+5%

Price of the sucker
rod grade D special

material

[Euro/piece]

48.4

0%

+20%

Rod guide price
[Euro/piece]

12.1

0%

+5%

Average costs for
a sucker rod pump
repair

[Euro/pump]

1,000

0%

+5%
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As already mentioned in section 3.3.2, for the simulation of the calculation model,
the Triangle Distribution was used. After defining the upper and lower boundaries
of the input parameters, the output parameters of the Monte Carlo Simulation have
been defined. These output parameters are the:

e accumulated savings due to the employment of corrosion inhibitor
after a time period of five years

e accumulated savings due to the employment of new tubing material
after a time period of five years

e accumulated savings due to the employment of new sucker rod string
material after a time period of five years

e accumulated savings due to the combination of the new technology
employments after a time period of five years

After defining the input and output parameters the Monte Carlo Simulation has
been carried out. The procedure of the simulation using the software @risk® has
already been explained in detail in section 3.3.2. 10,000 iterations have been carried
out during the execution of the simulations.

6.2 Results of the Monte Carlo Simulation

Subsequent to the execution of the Monte Carlo Simulation by means of the
software @risk®, the results of the simulations can be displayed on Histograms and
Tornado charts. The Histograms show the probability distribution of the defined
output. The Tornado charts are used to compare the influences of all input
parameters on a certain output parameter after a Monte Carlo Simulation was
carried out.

The first histogram, which has been generated by the software @risk® is
represented on Fig. 6-1. It shows the probability distribution of the accumulated
savings due to the employment of new sucker rod string materials after a time
period of five years.
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Fig. 6-1 Probability distribution of the total savings due to the employment of new sucker rod
string materials after 5 years
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As already described in section 3.3.2 certain measured values are used for the
interpretation of the histograms. These are the mode, which is the most likely value,
the median, which is the mid-value and the mean, which is the weighted average
value. The mode of the accumulated savings due to the employment of new sucker
rod string materials is 76.770,580.00 Euros, the median is 131.923,675.00 Euros and
the mean equals to 107.883,500.00 Euros. The mean value is displayed on Fig. 6-1.
Another interesting aspect that can be observed on the histogram is that the
probability distribution shows no negative output. That means that even for the
lowest assumed oil price, the highest assumed intervention frequencies and the
highest presumed material costs, the employment of the corrosion inhibitor will
realize cost savings. This fact can be seen on the left side of the histogram. The bar
at the lower end of the histogram shows that with a probability of 90% the total
savings will be higher than 57.769,400.00 Euros and that with a probability of 30%,
the total savings due to the usage of new sucker rod string materials are higher than
127.131,300.00 Euros.

The second histogram shows the probability distribution of the accumulated savings
due to the employment of new tubing material after a time period of five years.
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Fig. 6-2 Probability distribution of the total savings due to the employment of new tubing
materials after 5 years
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The mode of the accumulated savings due to the employment of new tubing
material equals 87.265,960.00 Euros, the median is 125.423,212.00 Euros and the
mean is 85.462,320.00 Euros. The mean value is displayed on Fig. 6-2. In contrast to
the histogram concerning the employment of new sucker rod string materials, this
histogram shows the possibility of a negative output. This negative output would
only be realized if, for example, the oil price had the lowest assumed value and the
assumed intervention frequencies and the material costs climbed to the highest
presumed values. The reason that a negative output could occur in this scenario is
the relative high costs for the new tubing material. But the probability of this
negative output is just about 8.06%. This fact is also represented on the bar at the
lower end of the histogram.

That means that the installation of new tubing materials will realize cost savings with
a probability of 91.94%. Fig. 6-3 also shows that with a probability of 30%, the total
savings due to the installation of new tubing material are greater than

116.252,700.00 Euros.

The next histogram displays the probability distribution of the accumulated savings
due to the employment of corrosion inhibitor after a time period of five years.
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Fig. 6-3 Probability distribution of the total savings due to the employment of corrosion inhibitor
after 5 years
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The mode of the accumulated savings due to the employment of corrosion inhibitor
equals to 244.168,000.00 Euros, the median is 302.979,856.00 Euros and the mean
is 274.681,000.00 Euros, which is again displayed on the histogram. As was the case
for the employment of new sucker rod string material the probability distribution
shows no negative output. That means that the usage of corrosion inhibitor will
realize cost savings even for the lowest assumed oil price, the highest assumed
intervention frequencies and the highest presumed material costs. The bar at the
lower end of the histogram shows that with a probability of 95% the total savings
are higher than 192.296,100.00 Euros and that with a probability of 30% the total
savings due to the usage of new sucker rod string materials are higher than
301.408,000.00 Euros.

The last histogram displays the probability distribution of the accumulated savings
due to the combination of the new technological updates after a time period of five
years.
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Fig. 6-4 Probability distribution of the total savings due to the combination of the new technology
employments after 5 years
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The mode of the accumulated savings due to the combination of the new
technology employments is 524.034,600 Euros, the median is 545.081,600.00 Euros
and the mean value equals 520.093,800.00 Euros. The mean value can be seen on
Fig. 6-4. That means that for the combination of the new technology employments
the highest total savings can be expected. As in the case for the employment of
corrosion inhibitor and new sucker rod string materials, the probability distribution
shows no negative output. That means that the combination of the new technology
employments will realize cost savings even for the lowest assumed oil price, the
highest assumed intervention frequencies, and the highest presumed material costs.
As it can be observed at the lower end of the histogram, with a probability of 95%,
the total savings will be higher than 314.900,000.00 Euros and with a probability of
30%, the total savings due to combination of the new technology employments will
be higher than 588.100,000.00 Euros.

Tornado charts have been applied for the probabilistic sensitivity analysis of the
simulation results. As already explained these tornado charts are used to compare
the influences of the input parameters on a certain output parameter. The structure
of a Tornado chart has already been described in section 3.3.3.
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Fig. 6-5 displays the Tornado chart, which shows influences of the different input
parameters on the accumulated savings due to the employment of corrosion
inhibitors after a time period of five years.

Fig. 6-5 Influences of the different input parameters on the accumulated savings due to the
employment of corrosion inhibitors

Oil price
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The chart shows that the oil price has the highest influence on the total savings
which are supposed to be realized due to the usage of corrosion inhibitor. The other
two input parameters, which have a relatively high influence on the total savings, are
the average intervention costs and the number of intervention per well per year. A
very interesting result is that the costs of the inhibitor treatment pumps and the
corrosion inhibitor price itself have a very low influence on the total savings. The
influence of the corrosion inhibitor price is so low that it is not displayed in the
Tornado chart. The reason for this is that the savings due to the reduced number of
interventions which are caused by the employment of the corrosion inhibitor are
much higher than the costs for the inhibitor treatment pumps and the corrosion
inhibitor itself. Therefore, enormous potential savings could be realized by the usage
of a corrosion inhibitor.
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Fig. 6-6 and Fig. 6-7 show that the number of interventions per well per year and
the oil price have the highest influences on the total savings which are supposed to
be realized due to the installation of new tubing and sucker rod string material. The
other input parameter, which has a relatively high influence on the total savings in
both scenarios are the intervention costs. Concerning the employment of new
tubing materials the price of the J-55 steel has the fourth highest influence on the
total savings, which can be seen on Fig. 6-6. A very interesting result is that the
costs of the lining process and the wall thickness survey have a very low influence
on the total savings. The reason for this is that the savings due to the reduced
number of interventions which are caused by the installation of new material are
much higher than the costs for the new materials and the wall thickness survey.

Fig. 6-6 Influences of the different input parameters on the accumulated savings due to the
installation of new tubing materials
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Fig. 6-7 Influences of the different input parameters on the accumulated savings due to the
installation of new sucker rod string materials
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Fig. 6-8 displays the Tornado chart, which shows the influences of the different
input parameters on the accumulated savings due to the combination of the new
technology employments after a time period of five years.
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Fig. 6-8 Influences of the different input parameters on the accumulated savings due to the
combination of the new technology employments
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This chart displays that the oil price has the highest influence on the total savings
which are caused by the combination of the technology employments. But like in
the other scenarios, the intervention costs and the number of interventions per well
per year also have a great influence on the total savings. The only material costs
which have a definite influence on the savings are the price of the J-55 steel,
although its influence is also relatively small compared to the above mentioned
factors. The other material costs have a very low influence on the savings, which can
also be seen on Fig. 6-8. The reason is again that the savings due to an intervention
frequency reduction, which is caused by the new technology employments, are
much higher than the costs for these technologies and materials. This fact leads
again to enormous potential savings.
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6.3 Results of the deterministic sensitivity analysis

The deterministic sensitivity analyses have been carried out by creating a Spider
Diagram. This type of diagram shows the influence of a single input parameter on a
certain output parameter. For this purpose every single input parameter has been
changed in fractional steps to show how strong the influence of the parameter is.
After that the change of the output parameter with each of the input parameters is
plotted. By constructing a plot for every single input parameter in one diagram a
spider diagram is created. The steeper a graph in a spider diagram is, the higher is its
influence on the output parameter. This procedure has also been described in
section 3.3.3.

Fig. 6-9 displays the influence of the defined input parameters on the total savings
which are caused by the combination of the technology employments.

Fig. 6-9 Influence of the defined input parameters on the total savings
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The input parameters have been changed in five percent steps from -20% to +20%.
The Spider Diagram displays that just the number of interventions, the oil price and
the intervention costs have a significant influence on the total savings.

As can be observed on the diagram, the total savings are increasing more and more,
if the number of interventions per well is decreased. Or, in other words, if the new
technology employments would not lead to the assumed intervention reduction, the
total savings would be lower. This fact is further discussed later on.

Another interesting point that can be seen on the diagram is that the total savings
increase, if the average costs for an intervention are increased. That means that the
higher the price for an intervention is the more money can be saved by preventing
this intervention with the employment of new technologies. Or, in other words, the
lower the price for an intervention is the less money can be saved by reducing the
intervention frequency.

Fig. 6-9 also displays that the total savings are decreasing with increasing material
costs. But with the exception of the J-55 tubing steel price, the material costs have a
negligible influence on the total savings.

As already described in preceding chapters, the reduction of the intervention
frequency leads to savings due to the reduced intervention costs. Furthermore the
intervention frequency decrease leads to a production increase. Consequently more
produced oil can be sold, which are additional revenues and accordingly savings.
The total savings would never fall below zero, even if the intervention costs would
receive the unrealistic value of 0, because the savings due to the production increase
will always be higher than the costs for the new technologies. This fact is
represented on Fig. 6-10. But this is just a theoretical assumption which could never
occur in reality. It should just show that savings due to the production increase are
much higher than the costs for the introduction of the combination of new
technologies.

Fig. 6-9 also displays that the total savings decrease as the oil price decreases. Fig.
6-10shows the development of the total savings for a further reduction of the oil
price. In this case the oil price has been decreased to - 66.66% of its initial value of
$60, which equals $20. But even in this case the total savings would not be zero,
because the savings due to the reduction of the intervention costs and the savings
due to the production increase would be higher than the costs for the new
technologies.
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Fig. 6-10 Influence of the oil price and the intervention costs
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For the combination of the technology employments the intervention frequency for
all the 7,579 sucker rod pumped wells has been assumed at:

eight interventions per well per year in the first year of installation

five and a half interventions per well per year in the second year of
installation

three interventions per well per year in the third year of installation

two and a half interventions per well per year in the fourth year of
installation

two interventions per well per year in the fifth year of installation

These figures have also been represented on Tab. 5-58. The sum of these
interventions is 21. That means that on average every well would have 21
interventions in the five years of the calculation model. For these assumed 21
interventions for the first five years the total savings would be about 560 million
Euros, which has been shown in preceding chapters. As explained before, an
increasing number of interventions would lead to lower total savings. For this
reason the number of interventions has been further increased to find out the limit
at which no savings are realized any more. This limit is approximately 37
interventions per well per year for the five years of the calculation model. This value
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of 37 interventions per well per year is about 76% higher than the assumed 21
interventions per well per year. The graph of this calculation is represented on Fig.
6-11. That means that if on average every well has less than 37 interventions in the
first five years of the new technology employments, these new technologies would
lead to cost savings.

Fig. 6-11 Influence of the number of interventions and J-55 steel tubing price
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The J-55 steel tubing price has also been further increased to detect the value at
which no savings are realized any more. Fig. 6-11 also displays this price limit, which
is about 115 Euro per meter. This value is approximately 525% higher than the
presumed J-55 steel tubing price of 18.5 Euro per meter. Concerning the
deterministic analysis, no interaction between the input parameters can be
considered. Therefore, if several unfavorable situations develop, the limit at which
no savings are realized anymore could occur eatrlier.
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7 Conclusion

The results show that the assumed intervention frequency decrease due to the
employment of new technologies leads to a significant production increase and
enormous potential savings.

Due to the outputs of the calculation model, it can be demonstrated that the
employment of the corrosion inhibitor realizes the highest savings in comparison to
the installation of new tubing or sucker rod string material. This fact is displayed on
Fig. 5-12. The estimated savings caused by the employment of the corrosion
inhibitor in the most realistic case are about 300 million Euros five years after the
first installation. The estimated savings due to the installation of new tubing or
sucker rod string material in the most realistic cases are approximately 100 million
Euros five years after the first installation. That means that the savings due to the
corrosion inhibitor are almost three times higher than savings due to the installation
of new material. The reason for this is, that in the assumed most realistic case of the
corrosion inhibitor employment, all the corrosion inhibitor treatment pumps are
installed by the third year of the calculation model. After the third year, only the
costs of the corrosion inhibitor itself and the costs of the maintenance of the pumps
remain, which are significantly lower than the costs of the pumps. This outstanding
decrease of the corrosion inhibitor costs is displayed on Fig. 5-11.

But the highest savings due to the reduction of the intervention frequency are
projected to be realized with the combination of the employment of the new
technologies. These savings achieve a value of about 550 million Euros five years
after the first installation. The results of the Monte Carlo Simulation, which takes
the variability of the input parameters into consideration, shows that these potential
savings could even go up to about 800 million Euros.

The results of the probabilistic and the deterministic sensitivity analyses show that
just three input parameters have a significantly high influence on the total savings.
These are the oil price, the number of interventions and the intervention costs. The
costs of the materials have a very low influence on the total savings. The reason for
this is that the savings due to the reduced number of interventions which are caused
by the employment of the new technologies are much higher than the costs for the
new technologies. This fact can also be seen on Fig. 5-11. This is another proof that
huge potential savings could be realized by the employment of the new
technologies.

Another important point is that by employing new technologies and new materials
at low producing wells, the production of these wells can be increased. Therefore
these wells do not have to be shut down, which also realizes enormous cost savings.
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7.1 Recommendations

1. Installation of at least 5000 inhibitor treatment skids at sucker rod pumped wells
in Romania in the following years.

2. Additionally equip about 10% of the sucker rod pumped wells per year with new
tubing and sucker rod string material.

3. Additionally introduce the wall thickness survey measurement to find out the
tubings which can still be used in other wells.

Therefore, the output and recommendation due to the result of this thesis is to
employ corrosion inhibitors and new materials in Romania instantaneously. This
employment will reduce the intervention frequency, increase the annual production
time, prevent shutting down low producing wells and consequently lead to huge
savings.

7.2 Outlook

It would be advisable to check the annual intervention frequencies in the years after
the employment of the new technologies and to compare these with the
intervention frequencies, which have been assumed in the thesis. If the real annual
number of interventions coincides with the assumed annual number of
interventions, these assumptions could be also applied for future estimations
concerning the employment of the new technologies.
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8 Summary

This thesis intends to estimate the total savings and the production increase, which
are caused by the employment of new technologies at the 7,579 sucker rod pumped
wells in Romania. These technologies include the installation of new tubing material,
which is additionally equipped with thermoplastic tubular liners, the installation of
new sucker rod strings and the employment of corrosion inhibitors.

For every new technology an employment scenario — including a best, worst and
most realistic case — has been calculated. Furthermore an employment scenario for
the combination of the most realistic cases has been evaluated.

In the first two chapters of the thesis the economical methods, which have been
used for the calculations and the technical background of the new technologies are
explained in detail.

The next part of the thesis is the description of the calculation model, which has
been created in Microsoft Excel® to estimate the production increase and the total
savings due to the usage of the new technologies. The new technologies are
supposed to decrease the actual average intervention frequency of 10 interventions
per well per year. This intervention frequency decrease leads to a higher production
time and hence more production. For this purpose a certain intervention frequency
decrease for every planned employment scenario has been assumed. For the
evaluation of the total savings the net present value method has been used. The
savings have been computed by calculating the difference of the net present value
assuming 10 interventions per year and the net present value assuming a reduced
number of interventions per year.

The results of the calculation model show that particularly the employment of
corrosion inhibitors and the combination of the new technologies realize huge
savings due to the reduced number of interventions.

After the construction of the calculation model, a Monte Carlo Simulation was
carried out. For the execution of the simulations the software @risk® was used. The
simulations have been created so as to consider the variability of the different input
parameters of the calculation model and to compare their influences on the total
savings. The defined input parameters are the oil price, the number of interventions,
the intervention costs and the costs of the different materials. The results of the
simulations are shown on Histograms and Tornado Charts. In additional to the
probabilistic sensitivity analyses of the Monte Carlo Simulation, deterministic
sensitivity analyses have been carried out to show the influence of a single input
parameter on the total savings. The results of these analyses are displayed in a Spider
Diagram.

The Tornado charts and the Spider Diagram show that just the oil price, the
number of interventions and the intervention costs have a significant influence on
the total savings. In comparison to these, the influences of the material costs on the
total costs are very low. The reason for this is that the savings due to the reduced
number of interventions which are caused by the employment of the new
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technologies are significantly higher than the costs for the new technologies. This
fact also emphasizes that enormous potential savings could be realized by the
employment of the new technologies.
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Tab. 10-1 Annual production increases, annual revenues and annual intervention cost savings
of the 500 wells equipped with inhibitor treatment pumps in the third year in the worst case
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Tab. 10-2 Annual production increase, annual revenues and annual intervention cost savings of
the 500 wells equipped with inhibitor treatment pumps in the fourth year in the worst case
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Tab. 10-3 Annual production increase, annual revenues and annual intervention cost savings of
the 500 wells equipped with inhibito.r treatment pumps in the fifth year in the worst case
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Tab. 10-4 Annual production increase, annual revenues and annual intervention cost savings of
the wells which are not equipped with inhibitor treatment pumps in the worst case
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Tab. 10-5 Annual production increase, annual revenues and annual intervention cost savings of
the 2,000 wells equipped with inhibitor pumps in the third year in the most realistic case
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Tab. 10-6 Annual production increase, annual revenues and annual intervention cost savings of
the wells which are not equipped with inhibitor treatment pumps in the most realistic case
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Fig. 10-1 Total oil production [bbl] for different corrosion inhibitor scenarios
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Fig. 10-2 Annual production increase [bbl] for different corrosion inhibitor scenarios
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Fig. 10-3 Annual production increase in percent for different corrosion inhibitor scenarios
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Tab. 10-7 Difference in the net present value for the worst case
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Tab. 10-9 Annual production increase, annual revenues and annual intervention cost savings of
the 15% of the wells equipped with new tubing material in the third year in the best case
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Tab. 10-10 Annual production increase, annual revenues and annual intervention cost savings
of the 20% of the wells equipped with new tubing material in the fourth year in the best case
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Tab. 10-11 Annual production increase, annual revenues and annual intervention cost savings
of the 20% of the wells equipped with new tubing material in the fifth year in the best case
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Tab. 10-12 Annual production increase, annual revenues and annual intervention cost savings
of 15% of the wells which are not equipped with new tubing material in the best case
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Tab. 10-13 Annual production increase, annual revenues and annual intervention cost savings
of the 5% of the wells equipped with new tubing material in the third year in the worst case
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Tab. 10-14 Annual production increase, annual revenues and annual intervention cost savings
of the 7% of the wells equipped with new tubing material in the fourth year in the worst case
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Tab. 10-15 Annual production increase, annual revenues and annual intervention cost savings
of the 7% of the wells equipped with new tubing material in the fifth year in the worst case
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Tab. 10-16 Annual production increase, annual revenues and annual intervention cost savings
of the 71% of the wells which are not equipped with new tubing material in the worst case
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Tab. 10-17 Annual production increase, annual revenues and annual intervention cost savings
of the 10% of the wells equipped with new tubings in the third year in the most realistic case
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Tab. 10-18 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells equipped with new tubing material in the fourth year most realsitic case
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Tab. 10-19 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells equipped with new tubing material in the fifth year in the most realistic
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Tab. 10-20 Annual production increase, annual revenues and annual intervention cost savings
of 40% of the wells which are not equipped with new tubing material in the most realistic case
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Fig. 10-4 Total oil production [bbl] for different tubing material scenarios
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Fig. 10-5 Annual production increase [bbl] for different tubing material scenarios
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Fig. 10-6 Annual production increase in percent for different tubing material scenarios
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Tab. 10-21 Difference in the net present value for the most realsitic case
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Tab. 10-22 Difference in the net present value for the worst case
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Tab. 10-23 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells equipped with new sucker rod strings in the third year in the best case
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Tab. 10-24 Annual production increase, annual revenues and annual intervention cost savings
of the 20% of the wells equipped with new sucker rod strings in the fourth year in the best case
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Tab. 10-25 Annual production increase, annual revenues and annual intervention cost savings
of the 20% of the wells equipped with new sucker rod strings in the fifth year in the best case
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Tab. 10-26 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells which are not equipped with new sucker rod strings in the best case

_ Suckerrodslring [Bestease]  Pwcetapilnely e yw | vy | e | sy
Parl  1400% of the wls;

tRLIRLL e pingee]  gnifee]  ahiec

Tital inturvarition costafyear ninw] | Euranyear | PARTREISE ) FEILIREISC | JSNIRTENEC] JAMRTeISC ) R eetsc

HRATOEISE|  FMATURISC] MATEISC] FATRTMIIC] BANISC

Proicsio evws el | boemlyeat | 1lm1 [T Bz Thab .48

LALEEE WIS VILRELA (0GR 10854

Toitl prechietion lossandyuie | beifyaar | 120070000 LOMIMLAG  GNRMAT BRI TeLod

LR 700425 MATIM| 33800

Total ol productioniyeat foid){ Belyea | mmd: 1:&.“;.'#.:; L7 B ! :.;I.ﬂm.g!

Tital &l productienysar i) | Belfyei | 80,6124 LAMSMLIY RN ZESISORN1)  aELSA0AN

mmmm:' WELETASEISE | MIAMAISRATC | VIRAIROISIAC | VIRIRONO1E | MTAIEIENC

vl dhn b foskacid inturvartiomyaar] Eurofyai | - & - & - ¢ -t - &

Tab. 10-27 Annual production increase, annual revenues and annual intervention cost savings
of the 5% of the wells equipped with new sucker rod strings in the third year in the worst case
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Tab. 10-28 Annual production increase, annual revenues and annual intervention cost savings
of the 7% of the wells equipped with new sucker rod strings in the fourth year in the worst case
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Tab. 10-29 Annual production increase, annual revenues and annual intervention cost savings
of the 7% of the wells equipped with new sucker rod strings in the fifth year in the worst case
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Tab. 10-30 Annual production increase, annual revenues and annual intervention cost savings
of the 71% of the wells which are not equipped with new sucker rod strings in the worst case
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Tab. 10-31 Annual production increase, annual revenues and annual intervention cost savings
of the 10% of the wells equipped with new sucker rods in the third year in the most realistic case
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Tab. 10-32 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells equipped with new sucker rods in the fourth year in the most realistic
case
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Tab. 10-33 Annual production increase, annual revenues and annual intervention cost savings
of the 15% of the wells equipped with new sucker rods in the fifth year in the most realistic case
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Tab. 10-34 Annual production increase, annual revenues and annual intervention cost savings
of 40% of the wells which are not equipped with new sucker rod strings in the most realistic

case
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Fig. 10-7 Total oil production [bbl] for different sucker rod string scenarios
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Fig. 10-8 Annual production increase [bbl] for different sucker rod string scenarios
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Fig. 10-9 Annual production increase in percent for different sucker rod string scenarios
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Tab. 10-35 Difference in the net present value for the most realistic case
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Tab. 10-36 Difference in the net present value for the worst case
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Appendix

Fig. 10-10 Total oil production [bbl] for different future scenarios
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Fig. 10-11 Annual production increase [bbl] for different future scenarios
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Appendix

Fig. 10-12 Annual production increase in percent for different future scenarios
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