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Paper 2 of 2 — PEE 513 (Petroleum Properties Evaluation &
Management)
Level 500 • First Semester • Handout

PETROLEUM PROPERTIES
EVALUATION & MANAGEMENT
PEE 513

By Dr. Taiwo O. A

Probability Distribution
• Probability is a measure of uncertainty about the occurrence of a
particular event.
• It indicates our degree of belief that a certain event will occur.
In everyday language, it is expressed thus:
• There is a high chance that it will rain tonight
• It is possible that the super eagles will lose to their opponents.
As long as we have uncertainty, we can never be sure what the
outcome of any venture or business decision will be.
Probabilities help us to factor into our decisions these uncertainties
and used intelligently, improves the quality of our decision making.

Basic probability theory
There are generally two broad classes of probabilities –
Objective and Subjective Probability. The Modern
approach combines both Objective and Subjective
concepts of probability

Basic Probability Theory
• Objective probability – Logical deduced or empirically observed
through experimentation
• It is not based on the opinions of experts or any individuals.
• Example - toss of a fair coin, throw of a die (dice)
• Subjective probability - Based on the opinions of experts using
experience and intuition.
• Here the degree of belief definition of probability is dominant
• Example: a Geologist’s assessment of the probability of dry hole in a
drilling venture=0.5

Basic Probability Theory - Concepts
• Probabilities are always greater than or equal to zero and always less
than or equal to one
• If events are mutually exclusive and collectively exhaustive, their
probabilities must add up to one
• Probabilities can be expressed as fractions or percentages.
Consider the toss of 2 fair coins
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The following are the possible outcomes or Sample Space = {HH, HT,
TH, TT)
Probability of each outcome (events) is 0.25 or 25%
P(HH) =1/4, P(HT) =1/4, P(TH) =1/4, P(TT) =1/4: Total = 1.00

Basic Probability Theory - Concepts
• Independence - If two events A and B are statistically independent,
the occurrence of one event has no influence whatsoever on the
occurrence of the other.
• Thus: P(A) = P(A|B) and P(B) = P(B|A)
• Dependence - Above relationships do not hold. P(A) = P(A|B), The
occurrence of event A, has some influence on the likelihood of the
occurrence of B.
• Example : Prob (Oil|Favorable Seismic) or Prob (Commercial
Reserves|Discovery)

Basic Probability Theory - Concepts
Simple Probability – P(A) – Probability of occurrence of an event
independent of any other event – Also called independent probability.
– P(A) is the probability of the event A occurring regardless of any other
event
Conditional Probability – P(AIB) – Measure of an event , A occurring
given the occurrence of another event, B. Example : P(Commercial
Reserves |Discovery) is the probability of commercial reserves given
that we have made a discovery.
Joint Probability –P(AB) – is the probability of events A and B occurring
simultaneously or in succession.
Example : if the probability of a producer is 0.6 and the probability that
the producer will have reserves of 50 million barrels is 0.25, then the
probability that reserves will be 50 million barrels is 0.15 (0.6 times
0.25)
Marginal probability – Sum of Joint Probabilities

Basic Probability Theory - Rules
Complementation
P(A) + P(B) = 1 (since the sum of probabilities of collectively exhaustive
events =1)
Where P(A) = Probability of event A P(B) = Probability of not event A
Multiplication P(AB) = P(A and B) = P(A) x P(B) For two events that are
independent, their joint probability is a simple multiplication of their two
probabilities). Example : Throw of 2 fair coins, P(HH) = P(H) x P(H) = ½ x ½ =
1/4 Addition P(A or B) = P(A) + P(B) For two mutually exclusive events, the
sum represents the various different ways that an outcome can occur.
Example : P(HT or TH) = P(HT) + P(TH) = ¼ +1/4 =1/2 Multiplication P(AB) =
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P(A and B) = P(A) x P(B) For two events that are independent, their joint
probability is a simple multiplication of their two probabilities). Example :
Throw of 2 fair coins, P(HH) = P(H) x P(H) = ½ x ½ = 1/4
Addition P(A or B) = P(A) + P(B) For two mutually exclusive events, the sum
represents the various different ways that an outcome can occur. Example :
P(HT or TH) = P(HT) + P(TH) = ¼ +1/4 =1/2

Theoretical distributions

Discrete Distributions –examples
Binomial, Negative Binomial, Multinomial, Hyper geometric
Continuous Distributions forms –examples
Exponential, Poisson, Beta, Gamma, Uniform, Triangular,
Normal, Lognormal.

Theoretical distributions - Discrete
• Binomial Distribution
• Discrete Distribution – suitable for situations in which we have two
outcomes viz Head or Tail, Dry Hole vs Producer, Success or Failure
• Represents sampling with replacement and independent trials– e.g.
early exploratory stage
Probability of having x successes in n trials is given thus:

Where n = no of trials p = probability of success q = probability of
failure = 1- p x = exact no of successes

Theoretical distributions - Discrete
• Example 1: What is the probability of at least a (1) head in three throws of a fair coin? This is the
complement of no Heads at all in all three throws or 1-p(x=0, n=3). In this example, the no of
trials is 3, the number of successes is 0 and the probability of success is ½.

Theoretical distributions - Discrete
• Example 2 – Gamblers’ Ruin Determination using the Binomial
Distribution
• Gamblers’ Ruin is defined as the chance of “run of bad” luck or bad
outcomes in a series of gambles leading to the entire loss of
investment capital or bankruptcy.
• Bankruptcy denotes a situation in which the enterprise folds up, goes
into liquidation and is unable to continue to conduct business which
would have led to the recovery of prior losses.
• In an Oil exploration drilling program, Gamblers’ Ruin will occur when
all the wells drilled turn out to be dry holes leading to loss of the
entire exploration budget.

Theoretical distributions - Discrete
Example: Let’s say Oil Company wishes to execute a 5-well exploration program costing $5 million.
If
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each well costs $1 million, then the Company can drill 5 wells with the budget of $5 million. What is
the probability of Gambler’s Ruin or the chance that all 5 wells will turn out to be dry? The
probability of success (or finding a discovery) in this Oil province is 20% (say, historically and we
believe this has not changed) .

Theoretical distributions - Discrete
Example, continued: Suppose the Company invites a partner to co-fund the project with an
additional $5 million dollars so that each participating company now has 50% of the venture. The
number of wells that can be drilled is now 10. What is the chance of Gambler’s ruin in the new
exploration program in which the risks of investment is shared equally between the two
Companies?

The Gambler’s ruin probability has dropped to 10.74% for the 10-well venture as against 32.8% for
the 5 well venture in which the 1st Company was solely “carrying” all the risk of the exploration
program. This form of risk sharing is common in the Upstream Oil & Gas business – by increasing
the number of wells through risk sharing,

Theoretical distributions – Negative binomial Distribution
The Negative Binomial Distribution is used to estimate the number of failures that will occur before
success
is attained.
where x = number of failures met before achieving the rth success r = required number of
successes p = probability of success in each trial q = 1-p = probability of failure on each trial

Example: An Oil Independent is about to embark on an exploration program in a new basin. The
Company
plans to drill ten wells at $1 million dollars each. The total budget for the exploration program is
$10 million.
The historical probability of success in this Exploration basin is 0.2 and is deemed not to have
changed as a
result of prior programs in the area. Management wants to know the following before approving the
exploration program:
1. What is the chance that all the Exploration wells will turn out to be dry holes?
2. What is the chance that there will be two dry holes before a discovery is made?
3. What is the probability of drilling 5 dry holes before a discovery is made?

The answer to the first question can be estimated in either of two ways by using the
Binomial distribution
or the Negative Binomial.

Theoretical distributions – Binomial/Negative binomial
Binomial distribution Solution:
Using the Binomial distribution, no of successes, x= 0, no of trials = 10 and
probability of success is 0.2.

Theoretical distributions – Multinomial Distribution
This is a discrete distribution which unlike the Binomial distribution has many
outcomes. For instance, discovered reserves in a new exploration basin may range
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from 0, 10 Million, 15 Million barrels. The probabilities of all these outcomes all
sum up to 1.

Where, P(S) is probability of particular sample P1, P2 …………Pm are probabilities of
drawing types 1, 2, ….m respectively from the population
N = k1+k2+……………+km is the total number of outcomes of types 1, 2 …….m
respectively in sample m is the total number of different types of outcomes within
the total sample.

Theoretical distributions – Multinomial Distribution
Example: Suppose the probability of dry hole, 12 MMSTB and 18 MMSTB Reserves in the figure
above are
0.50, 0.35 and 0.15 respectively. A Company plans to drill three wells, what will be the probabilities
of
discovering various total reserves with the three additional wells?
The various possible combinations of the three wells are as follows: all three may turn out to be dry
and all
three may turn out to be discoveries of 18 MMBls each (0 and 18 MMBls being the two extremes of
possible
Reserves and various combinations in between as listed in the table below):
For k1 =2 k2 = 1 k3 = 0 combination, the corresponding probability is: m= 3 N = 3

Theoretical distributions - Continuous
Uniform Distribution: The uniform distribution is the “coarsest” form of
distribution implying very scant information of the variability of the random
variable, x in question. The distribution is stipulated only by the range or the
minimum and maximum values of x and the assumption that all other values of x
are equally probable.

Theoretical distributions – Continuous- Uniform
Example: The operating cost of a centrifugal compressor station ranges between
$5,000 and $10,000 per month, with the values between these minimum and
maximum values all equally probable.
a) What is the mean cost of operating this pumping station per month?
b) What is the probability density function for this distribution?
c) What is the chance that the operating will be less than $8,000/month? Greater
than $6000/month?

Theoretical distributions – Continuous- Triangular
The triangular distribution function is very popular in its application due to the fact
that people can easily relate to the maximum, minimum and most likely values of a
random variable.

Theoretical distributions
Expected Value
Expected value of a real valued variable gives the centre (or mean) of the
distribution of the variable
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• Referred to in several different ways viz: Expected Value, Expectation Value,
Mathematical expectation, Mean of a random variable.
Example
Expected value of a roll of die – the outcomes are 1, 2, 3, 4, 5 & 6 each with a
probability of 1/6. Expected Value, EV = 1/6(1)+1/6(2)+1/6(3)+1/6(4)+1/6(5)+1/6(6)=
21/6 = 3.5

Expected Value
Oil Field Example •
A well treatment will cost $50,000 whether or not it is successful. The following are
the various possible increases in the present value of production which may be
realized as a result of the proposed treatment. Calculate the net present value of
each outcome, and the mean and standard deviation of the possible net present
value outcomes.

Expected Value
We will only calculate the mean or expected value (EV) at this stage. The calculation
of the standard deviation, we will leave till when we define that term.
Oil Field Example-Solution • We are told the well treatment will cost $50,000
whether or not it is successful. If we define net present value as: NPV = Present
Value (PV) – Investment, I Then we can calculate the NPV for each of the outcomes.
NPV (PV=0) = 0-$50,000 = -$50,000

EV = (0.25)(-50,000)+(0.10)(- 10,10,000)+(0.30)(+10,000)+(0.20)(+30,000)+
(0.15)(+50,000) Expected Value, EV = $3,000

Expected Value
Oil Field Example-Solution shown graphically – as part of
decision tree.

Recall Expected Value, EV is defined as the mean or average of
a series of random variables (real).
It is used to predict the outcome of an experiment or trial or an
uncertain situation like a drilling situation. It’s usefulness is
significant if the outcome of the uncertain event does not
deviate too much from the Expected Value

Discounted Cash Flow
Analysis

Discounted Cash flow Analysis
The Concept of Interest
• The interest is the amount charged on top of the principal by a lender to a
borrower for the use of assets.
• It is the price or rent paid for the use of money, expressed as a percentage of the
loaned or borrowed fund.
The interest rate is the cost of debt for the borrower and the rate of return for the
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lender
• Interest rate could be risk-free, market risk premium,
• There are two major sources of financing for business firms: equity financing
(through stocks) and financing through debts (loans from banks, credit unions,
investment bankers, etc)
• In this case, the interest rate is referred to as Weighted average cost of capital
(WACC), computed from the weighted average of cost of loan and equity.

Discounted Cash flow Analysis

Where • E=Market value of the firm’s equity
• D=Market value of the firm’s debt
• V= Total Market Value =E+D
• Re=Cost ofequity
• Rd=Cost of debt
• Tc=Corporate tax rate

Example: Calculate the WACC of an investment project if 20% of the project is
financed by equity at a cost of 15% per annum and 80% is financed by loan borrowed
at a rate of 18% per annum given at corporate rate of 30%

Solution
WACC= (20/100 x 0.15) + (80/100 x 0.18 x (1-0.3)) =0.03+0.1008 =0.1308

Discounted Cash flow Analysis
The Concept of Interest
Interest rate application to loan may be simple or compound. However, the
compound interest rate is usually applied.
Interest= Amount (A)- Principal (P)

Amount is expressed as
Interest is expressed as
Where i=nominal interest rate
M= compounding interest/yr
n=loan period or investment period.

Discounted Cash flow Analysis
Nominal and Effective Interest Rate
Compound interest is normally reported as nominal interest rate per year,
compounded periodically (i.e., daily, monthly, quarterly, or semiannually) or
continuously (infinite number of times per year, approximately equal to daily
compounding).
• Effective interest rate is the rate that when applied to a sum of money once per
year will give the same amount of interest as will be given by a nominal interest rate
compounded m periods per year.

Discounted Cash flow Analysis
Example 7: Suppose a sum of $2,000 is borrowed for one year at an interest rate of
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8%. Calculate the total amount to be paid back to the bank after five years if the
interest is compounded quarterly and effective interest rate.
Solution

Time Value of Money • The concept of interest is the key to explaining
time value of money. A dollar is worth more in the future. In accounting,
the principal (PV) is referred to as the Present value of loan or investment
while amount is referred to as the future value (FV)

Discounted Cash flow Analysis
Time Value of Money
* Equal Series of Payment This is called annuity expressed as:

Where PV=Present Value FV= Future Value n=Number of years i=Discount rate.
Time Value of Money is due to: • Interest Rate • Inflation • Risk • Opportunity Cost •
Security

Discounted Cash flow Analysis
Capital Expenditure (CAPEX)
• CAPEX is expenditure for physical assets such as land, property, plants, equipment •
It may tangible or intangible CAPEX
• Tangible Assets are those of physical nature such as lease tanks, wellheads,
buildings, etc. They have a useful of more than one year and recognised salvage value.
Tangible assets are usually depreciated.
• Intangible Assets lack physical substance. These include oil and gas leases, a portion
of drilling costs expensed on chemicals, consumables; patents, rights. Intangible assets
are usually amortized.
• Depletion applies to progressive removal or depletion, of natural resources.
• Collectively these write-offs are frequently called DD&A

Discounted Cash flow Analysis
Operating Expenses (OPEX)
OPEX are expenditures that occur periodically
• They are necessary for the day-to-day operations of the field.
• They are usually expressed in terms of expenditure per year, per barrel, or per MScf
They include:
• Feed Stock • Utilities • Maintenance • Administrative Overhead • Production cost
General Rule of Thumb for OPEX

Discounted Cash flow Analysis
Loan Amortisation Schedule
• Loan amortisation means paying off a debt, normally a gradual retirement of debt
with a series of equal periodic payments. Depending on the type of loan repayment
arrangements, the series of payments will normally include interest accrued on the
outstanding loan balance and some portion of the principal.
Example: • An oil producer borrows $100,000 at an interest rate of 8% per year for a
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period of three years. The loan has to be paid back in equal quarterly payments over
the three-year period, with the first payment due exactly three months from the date
money is borrowed. Calculate the quarterly payment and show the loan amortization
schedule.

Discounted Cash flow Analysis
Depreciation
Depreciation: Loss in the value of an asset over its useful life Events that can cause
property to depreciate include wear and tear, age, deterioration, and obsolescence.
Book Value: Value of an asset at anytime during its useful life
Salvage Value: Value of an asset at the end of its useful life.

Discounted Cash flow Analysis

Discounted Cash flow Analysis
Example: Sum-of-Years’-Digit (SYD) Compute the annual depreciation and book value of an asset
over
its useful life of 5 years if the initial cost of the asset is $35,000 and salvage value at the end of its
useful life is 0, using SYD method.

Discounted Cash flow Analysis
Project Economic Valuation
Economic Yardstick Decision Criteria

Net present value (NPV)
Internal rate of return (IRR)
Payback period
Profit-Investment-Ratio
Present Value Ratio
Profitability index
Cost benefit ratio
Unit technical cost or long-run marginal cost

Discounted Cash flow Analysis
Net Present Value
• The net present value (NPV), also referred to as the present value of cash surplus or present
worth,
is obtained by subtracting the present value of periodic cash outflows from the present value of
periodic cash inflows.
• The present value is calculated using the weighted average cost of capital (WACC) of the investor,
also referred to as the discount rate or minimum acceptable rate of return. Equation for NPV is

Where: NCFt= Net Cash flow at time t
id = the discount rate, i.e., the required minimum annual rate of return on new investment
t= Period, year n = the project’s economic life in year

Discounted Cash flow Analysis
Internal Rate of Return (IRR)
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• IRR is the discount rate at which the net present value is exactly equal to zero, or the present
value
of cash inflows is equal to the present value of cash outflows.
• IRR is the interest rate received for an investment consisting of payments (negative values) and
income (positive values) that occur at regular periods.
• The equation for calculating IRR is:

Discounted Cash flow Analysis
Payback Period
• The payback period, also referred to as the breakeven point, is defined as the expected number
of
years required for recovering the original investment.
• At this point, the cash receipts exactly equal the cash disbursements. This yardstick is used along
with at least one other measure of profitability, since it does not provide a meaningful decision
criterion by itself.
Formula for computing Payback period:

Discounted Cash flow Analysis
Profit-Investment-Ratio-PI is the ratio of the undiscounted NCF and undiscounted Investment. As a
rule of thumb, when the PI is at least 1.00 the project is likely to be economic.. The unit is
dimensionless or $/$ each dollar return for each dollar invested. It is a measure of investment
efficiency. Especially popular with small to medium sized firms.
Present Value Ratio - PVR is the ratio of the discounted NCF and discounted Investment at a
discount
rate. A variant of this is the
Discounted Profit-Investment-Ratio (DP/I) which is the ratio of the discounted NCF and discounted
“after tax” Investment.
Profitability Index (PI) PI is a dimensionless ratio obtained by dividing the present value of future
operating cash flows by the present value of the investment. Mathematically, the PI is given by the
following equation:

Discounted Cash flow Analysis
Example: A capital investment project involves an initial investment of $1,000, financed 75% by
equity and 25% by debt. The corporate tax rate is 35%, interest on the debt is 6.15%, and the
minimum acceptable rate of return on equity is 10% (assuming the equity can be invested
elsewhere
at a rate of return of 10%). The project will generate after-tax operating cash flows as shown in
table
1. Calculate the NPV, IRR, and PI for the investment

Discounted Cash flow Analysis

Decision Trees
• A decision tree reflects a decision problem having more than one
course action. It is a diagrammatic representation of a decision
situation.
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• The decision trees can help a decision maker to develop a clear view
of the structure of a problem and make it easier to determine the
possible scenarios that can result if a particular course of action is
chosen.
• Decision trees depict pictorial views of the available courses of action,
events, their outcomes, and probabilities associated with the
outcomes.

Decision Trees
• Hence, elements of decision trees include:
• Decision node: Point where decision has to be taken. The decision
maker has control at this point
• Chance node: Point where there are different possible outcomes. The
decision maker has no control. Outcomes are dependent on chance or
nature
• Chance fork: The branch from a chance node is called chance fork and
it represents the possible outcome of a chance event.
• Probability or Chance: The likelihood of possible outcomes happening
is represented by probabilities in decision trees
• End Terminal or payoff node: It is deterministic financial outcome of a
decision. It is based on predicted profit or loss of an outcome and the
probability of occurrence

Decision Trees – two-activity Decision Tree
Expected value E{C1} of the chance node C1 is
the sum of the product of the conditional
probability Pi and associated computed NPVi at
each end node.
At each chance node, probabilities must sum
up to 1
• Decision trees are solved by rolling them back
from right to left • The end nodes show the
pay-offs; if it is a dry hole, loss is $65,000
(Drilling cost), while NPVs are $120,000 and
$180,000 for reserves of 60 Mstb and 90 Mstb,
respectively.

Decision Trees
Example
A company has to decide whether to drill a certain prospect. If it drills
the prospect, geologists and engineers expect
(a) probability of zero reserves (dry hole) to be 60%,
(b) probability of 60,000 barrels to be 30%, and
(c) probability of 90,000 barrels to be 10%. The net present value for
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each option is calculated as shown in the decision tree above. Based on
this information, determine the optimum course of action the company
should take in order to maximize its EMV.

Decision Trees - solution

Decision Trees
Example 2
A company is planning to drill a well. Geologists and engineers estimate
that there is a 65% chance that the well will be a producer and a 35%
chance that it will be a dry hole.
If the well is successful, it is estimated that there is a 60% chance that it
will have reserves of 30,000 barrels, a 30% chance of 60,000 barrels,
and a 10% chance of 90,000 barrels.
The dry hole cost is $65,000 and the NPV corresponding each reserve
value is $60,000, $120,000 or $180,000, respectively.
Using decision tree, calculate the expected monetary value (EMV) for
this proposal.

Decision Trees - solution

Decision Trees - solution
• By utilizing joint probabilities

Decision Trees – practice exercise
• There are three field development options (1) continue with primary
depletion, (2) implement waterflood, or (3) implement gas injection.
The net present value at the corporate discount rate and
corresponding probabilities of realizing these NPVs are given in the
table that follows. Using this data, perform expected value analysis to
arrive at the most economically viable option. Base decision on 1.
EMV 2. EPI

Decision Trees – Bayesian rule
• Bayesian Probability
Bayesian rule states that:

Decision Trees
• Steps to applying Bayesian rule using Decision Tree:
Construct the tree with all possible events on the branches indicating
all prior probabilities for the events on the branches
• Attach a new branch to each branch representing information to be
obtained. E.g. 90% chance of acquisition of seismic will indicate
structure when structure actually exist, and there is 10% chance it will
indicate structure when structure actually does not exist. This
additional information leads to additional branches of probability tree.
• Obtain the joint probabilities by multiplying each prior probability by
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the conditional probability that follows it on the tree.
• Sum the joint probabilities.
• Divide each joint probability by the sum of the joint probabilities to
obtain the required posterior probability

Decision Trees – Bayesian example
• A geologist has assigned a 70–30 chance for a prospect to be gas
bearing (70% chance that gas exists and 30% chance that gas does not
exist). A well is drilled and tested. The test confirms the existence of
gas. However, based on experience, it is believed the test is reliable
only 90% of the time. This means 10% of the time the test shows
existence of gas while the gas does not actually exist.
• Based on this information, revise the prior probabilities

Decision Trees – Bayesian example solution
• Prior Probability
• P(Gas)=0.7, P(No gas)=0.3
• Test Probability
• P(test>gas|gas)=0.9, P(test>gas|no gas)=0.1
• P(test>no gas|no gas) =0.9, P(test>gas|no gas)= 0.1

Decision Trees – Bayesian example solution

Decision Trees – Bayesian example solution


