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Abstract

Investors in marginal oilfield exploitation need cost effective risk analysis process to enhance the quality of the
decision making. The risks associated with marginal oilfields represents an economic opportunity and a clear
understanding of the risks helps to correlate and stratify the expected net returns through efficient planning for
and allocation of right resources as well as selecting an optimum alternative. This paper provides illumination
and deep insight about the application of Fuzzy Logic technique in analysing risk and the use of Monte Carlo
Simulation in optimizing investment analysis. The paper discusses their wider implications using a case study,
and gives justification for their analytical importance to marginal oilfields exploitation. An iterative Delphi
technique was employed to define six risk attributes in a given Isiekenesi Marginal Oilfield from where fifty-
three risk variables were identified for evaluation. A questionnaire designed with Rensis Likerts 5-point
attitudinal scale was subsequently administered to 42 respondents to provide linguistic expression of the level of
risk probabilities and consequences. Thereafter, a computed Kendall Coefficient of Concordance of W= 0.75,

and chi-squared value (3"-") of 546 which is greater than 27.69 recorded in the statistical table, implying an index
of agreement among the judges in ranking the variables, hence, a null hypothesis of disconcordance among the
judges was rejected at a p-value of 0.01. The Fuzzy logic analysis was able to establish that an investment risk
level of 0.71 on a scale of 0 to 1 is associated with Isiekenesi Field in the Nigeria Niger Delta, with optimistic,
probable, and pessimistic fuzzy value of 0.35, 0.75, and 0.96. The optimization of the net present value with
Monte Carlo simulation confirmed this approach as a risk management alternative to address limitations of
conventional methods. The importance of the study is straddled with the simple extrapolation that managing the
inherent risks and uncertainties will lead to an optimized exploitation of the marginal oilfields to increase oil
reserves and subsequently increase the economic revenue of the country.
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INTRODUCTION Profit = Oil Price*Oil Rate— (CAPEX +TAX + ROYALTIES)

The enthusiasm to exploit marginal oilfields as a
strategy to contain future energy uncertainty is
emerging at a germane time albeit, with complex risks
and uncertainties. This is exacerbated by escalating
investment capital needful for overcoming the harsh
challenges of producing aging fields and depleting

reserves amidst tumbling oil prices, increasing
worldwide energy demands, investment decline,
coupled with challenging geographical locations.

Strangely, the commitment of the International
Operating Companies (IOC) is not in synch with this
increasing national interest to exploit the marginal
oilfield potentials. Pate-Cornell, Tagaras, and
Eisenhardt (1990) and Rubenstein (1994), argued that
because 10Cs generally borrow funds from
shareholders and banks to finance capital projects, they
must maintain positive profitability to be able to satisfy
their shareholders, pay back loans, and remain in
business. The profitability, according to Goldrat and
Cox (1984) and Dettmar (2003) is a key business
performance indicator that practically gauges the return
on investments and expressed mathematically as:
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In addition, Heerkens (2010) recognized that failure to
justify investments on profit results in the inability to
effectively run the organization and eventually lead to
business collapse.
It’s no longer surprising that, despite the host nations’
clamour to explore the marginal oilfields and produce
more crude oil, 10Cs strategy on their part, is to justify
every investment purely on economics (Heerkens,
2010). Based on this subsisting prejudiced guiding
business objective, marginal oilfields will remain a
paradox without suitable imperative efficiency
improvement in the unit technical cost of producing a
barrel of oil. According to Chinbat and Takakuwa
(2008), marginal oilfield operation represents an
economic activity with plenty of decision challenges
involving risks and uncertainties mainly due to the:
» very small sizes of reserves/pool to the extent of
not being economically viable
» lack of infrastructure in the vicinity and profitable
consumers
» prohibitive development costs, fiscal levies and
technological constraints
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A microscopic evaluation of the art and science of
marginal oilfield investment analysis process
appropriately identified risks and uncertainties as the
major debilitating agent (Kaiser, 2010). Unfortunately,
the traditional capital budgeting techniques of Internal
Rate of Return (IRR), Pay-Back Period (PBP),
Heuristic method, Expected Value method, and net
present value (NPV) investment evaluation techniques
are only single points of analysis and do not provide
enough hedges against risks (Tversky and Kahneman,
1974; Schuyler, 2001). This lack of flexibility in
containing investment volatility or risks stems from the
inability to quantitatively sift out the inherent risk
variables for mathematically adjusting the returns on
marginal oilfield investment (Bastos and Bortoni,
2004).

To bridge this gap in managing marginal oilfield risks,
this paper proposed the fuzzy logic theoretical approach
in quantitatively deciphering the risk variables in
conjunction with Monte Carlo simulation analysis to
provide a greater flexibility in understanding and
planning against uncertainties. Of note, fuzzy logic
technique has variously been applied in managing
project risks Svenda (2006), Kumar et al. (2008), Jian-
wei and Zhonghua (2008). Other notable works in
fuzzy logic include: Xue, Huang, and Huang (2009),
Cao, Ruan, and Liu (2009), Guo and Zhang (2009).
Also, in advancing the fuzzy logic algorithm, Li et al.,
(2007) and Wang (2008) utilized triangular and
trapezoidal fuzzy numbers respectively to focus on risk
management in ground water contamination and
multiple criterion decision- making based on prospect
Table 2.1: Risk Evaluation Matrix

theory. On the other hand, Monte Carlo simulation
method has become a common phenomenon to
optimize uncertainty in construction scheduling (Jin, et
al. 2010) and has become very popular with many 10Cs
to improve exploration performance (Harbaugh, 1995;
Coelho and Jacinto, 2005). Other notable studies also
include Andrade et al. (2006); Chinbat and Takakuwa
(2008) among others.

METHODS

A partially appraised Isiekenesi oilfield with full
manifestation of marginal oilfield characteristics typical
of the Nigeria Niger Delta was evaluated as a case
study. This, in all modesty, may be considered a

pioneering study at identifying, analysing, and
managing inherent risks to optimize returns on
marginal oilfields investment.  Fundamental risk
attributes; a conglomeration of key risks and

uncertainties were identified through an iterative Delphi
technique with a convergence of views of 7 out of 9
participants achieved in the third iteration.  The
resulting six attributes were systematically used to
extract key variables (scale items) that have potential to
evolve into risks in marginal oilfield exploitation
through a combination of the Delphi technique,
literature review, interviews, telephone discussions,
group discussions, and so forth. Thereafter, the scale
items were used to develop a questionnaire patterned on
Rensis Likert’s 5-point attitudinal scale bearing 106
questions intended to extract linguistic expressions of
oil industry experts on the risk probabilities and
consequences of occurrence using Table 2.1.

| Risk Rating Matrix*

Probability of Occurrence

Unlikely Rare Probable Very Likely Certainly
Impact/Consequence 1 3 4 5
Low 1 Low Low
Medium 2 Low Medium Medium
High 3 Low Medium High High
Very High 4 Low Medium High High
Critical 5 Low Medium High

Residual Risk Appetite
ﬂ Unacceptable risk that must be dealt with urgently

Unacceptable risk that must be dealt with appropriately

Unacceptable risk that must be dealt with accordingly

Acceptable risk but subject to investor management approval

Acceptable Risk within contingency provisions

*. An adaptation of Industry Standard Risk Matrix
sourced from Harlyncone Industries limited, PH
Nigeria.

The Judges were drawn from a homogenous set of
professionals and practising managers in the oil
industry while, a merit order of these variables was
statistically determined by the use of Kendall
Coefficient of Concordance (W). Where W is given by,
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is a measure of the extent of agreement to which the
judges ranked the variables among themselves. And,
the Chi Squared, significance level (x%), at which the
coefficient of concordance was adjudged as acceptable

or otherwise is

¥ = K(N-1)W €)
The extracted qualitative linguistic ratings of the 42
respondents were thereafter systemically quantified
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using Figure 2.1 triangular fuzzy logic transformation
scale technique developed by Chen, et al. (1992). With
R representing the weighted average for all R; ratings
and W; the corresponding weight, the fuzzy weighted
average of the overall investment is derived from
(Chen, et al. 2010):

T WisR:
AL @
Or by: YFX)/N (5)
a Fuzzy weighted average algorithm (EFWA) as
recommended by Lee and Park (1997) to reduce the
complexity of comparisons and arithmetic exercise in
deriving the weighted average of the rating. Given, N
as the number of respondents or judges, and X the
individual fuzzy ratings. And, to derive a functional
quantitative risk values, the fuzzy numbers were
defuzified through the following relationships:
Level weighted average

1
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For a triangular fuzzy number (a;, an, az) the resulting
equation reduces to:
213 ayn +1/6(, a; + ay) (8)
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Figure 2.1: Fuzzy Number Assignment Framework

Subsequently, a suit of Monte Carlo Risk Simulation
software generated a mim’ic of real life scenario by
picking values from the input Fuzzy Logic triangular
risk values to adjust the investment profitability. In
addition, a graphical excel generation presented the
report of the simulation results at varying discrete
discount rates or hurdle rates. Finally, a Statistical
Analysis, post simulation run, was used to analyse the
linearity and nonlinearity of the independent variables.
This highlighted the rank correlation from the highest
absolute value to the lowest absolute value between
each risk variables and the output profitability.
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RESULTS AND DISCUSSIONS

Risk Extraction

The consensus view of oil industry experts expressed
through Delphi data acquisition technique is that the
associated risks in marginal oilfield congregated around
two-(2) basic characterizations of intrinsic and extrinsic
risk attributes. While the former includes reservoir
uncertainties and wells performance, the latter includes
technical/operational risks, financial (economics/
commercial) risks, political risks, and
social/environmental risks. From these six-(6) major
risk areas, a significant fifty-three-(53) key risk
variables with potentials to swing the profitability
outcome of investment in marginal oilfield are
presented in Table 3.1.  These considered the
uniqueness of oilfields operation in the Nigeria Niger
Delta area. For consistency, we have retained the
assigned reference numbers to these variables in the
remaining document.

Table 3.1: Risk Variables.

No Risk Variables No Risk No  Risk Variables
Variables
1 Paucity of 19  Geographical 37 Interest rates
geological data Location
2 Field Size 20  Field 38 Exchange rates
remoteness
3 Dry hole 21  Processing 39 Market demands
facilities
closeness
4 Bottom-hole- 22 Processing 40 Regulations
location facilities
inadequacy
5 Reservoir 23 Technology 41  Resources cost
connectivity Limitations volatility
6 Reservoir 24 Project 42 Royalties and Tax
damage Management Regime
Risks:
7 Formation Stock 25  Loss of 43 Nationalization
Tank Containment
8 Marginality of 26  Operational 44 Production quota
Reserves Risk restriction
9 Recoveryrates 27  Operating 45 Partners’
Cost of unsupportiveness
marginal
fields
10 Gross rock 28  Manpower 46 Obstructiveness
volume resource of 10Cs
availability
11 Crude properties 29  Logistics 47  Legal risks
12 Formation 30 Gambler’s 48  Security of
water, Basic ruin property &
sediment and personnel
water (BS&W)
13 Statistical 31  Spot market 49  Safety risk
prediction risk price
14 Reservoir 32  Financialand 50 Population
modeling Economic encroachment
Constraint
15 Reservoir 33 Development 51 Host Community
natural drive Capital and Restiveness
limit Lifting cost
16 Well control 34  Collaboration 52 Environmental
alliance impact
17 Artificial 35  Funding/ 53 Political
recovery Financial instability
Risk
18 Well 36 Oil market
impairment volatility
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Coefficient of Concordance

The questionnaire scripted in Rensis Likert’s 5-point
attitudinal scale using the risk chart provisions of Table
2.1 provided the tool for qualitatively extracting the
probability and consequence of the above sifted 53 risk
variables. The resulting linguistic expressions of 42
judges were collated and converted to quantitative
values using the Fuzzy number assignment chart. A
computed coefficient of concordance (W), 0.71, and the

27.69 recorded in the statistics table at significance
level of 0.01 provided enough confidence to reject the
null hypothesis at a p-value of 0.01. The import is that
the study data provided paucity of evidence for us to
accept a null hypothesis of lack of concordance of
ranking among selected judges.

Fuzzy Assessment Accretion
A Fuzzy risk register in Table 3.2 is generated from

associated chi-squared value () of 546 greater than applying the fuzzification principles to the

Table 3.2: Fuzzified Risk Register
Risk Risk Average Fuzzy | Average Fuzzy Fuzzy Risk Defuzzified

Attributes | Variables Probability Consequence =(PxC) Crisp Risk & SKW KURT

(P) ©) Rating

F1 Fl 0.32,0.57,0.8 | 0.28,0.52,0.76 | 0.09, 0.30, 0.61 0.31 0.33 0.24 0.42 -1.13
F1 Fl, 0.55,0.8,0.94 | 0.08,0.29,0.54 | 0.04,0.23,0.50 0.25 0.27 0.26 0.85 0.14
F1 Fls 0.33,0.58,0.8 | 0.27,0.5,0.73 | 0.09,0.29, 0.59 0.31 0.32 0.24 0.45 -1.06
F1 Fl, 0.29,0.54,0.78 | 0.19,0.4,0.65 | 0.05,0.22, 0.51 0.24 0.26 0.23 0.67 -0.70
F1 Fls 0.29,0.54,0.78 | 0.07,0.3,055 | 0.02,0.16,0.43 0.18 0.20 0.19 0.79 -0.12
F1 Fls 0.27,0.52,0.76 | 0.24,0.47,0.72 | 0.07,0.24,0.55 0.26 0.29 0.24 0.62 -0.81
F1 Fl, 0.28,0.5,0.73 | 0.49,0.72,0.83 | 0.14,0.36, 0.61 0.36 0.38 0.32 0.51 -0.90
F1 Flg 0.33,0.57,.79 | 0.12,0.34,0.57 | 0.04,0.19, 0.45 0.21 0.23 0.22 0.95 0.39
F1 Flo 0.54,0.79,0.91 | 0.3,0.54,0.77 | 0.16,0.43,0.7 0.43 0.44 0.31 0.33 -1.00
F1 Fly 0.26,0.50,0.74 | 0.06,0.29,0.54 | 0.02,0.15, 0.40 0.17 0.19 0.19 0.89 0.05
F1 Flu 0.32,0.56,0.77 | 0.03,0.11,0.36 | 0.01,0.06,0.28 0.09 0.11 0.15 1.53 2.33
F1 Fly, 0.3,0.54,0.76 | 0.08,0.17,0.42 | 0.02,0.09, 0.32 0.12 0.14 0.18 1.51 1.94
F2 F215 0.26,0.49,0.73 | 0.07,0.3,054 | 0.02,0.15,0.39 0.17 0.19 0.20 1.00 0.35
F2 F21 0.29, 0.54,0.77 | 0.10,0.33,0.57 | 0.03,0.18, 0.44 0.19 0.21 0.21 0.84 -0.14
F2 F215 0.51,0.73,0.85 | 0.14,0.37,06 | 0.07,0.27,051 0.28 0.29 0.29 0.89 0.00
F2 F216 0.25,0.49,0.74 | 0.13,0.35,0.58 | 0.03,0.17,0.43 0.19 0.21 0.22 1.07 0.68
F2 F247 0.25,0.49,0.74 | 0.22,0.46,0.71 | 0.06, 0.22, 0.52 0.25 0.26 0.22 0.58 -0.86
F2 F21 0.28,0.52,0.77 | 0.2,0.43,0.68 | 0.06,0.23,0.52 0.25 0.27 0.24 0.74 -0.36
F3 F310 0.58,0.82,0.92 | 0.24,0.46,0.7 | 0.14,0.37,0.64 0.38 0.39 0.29 0.37 -0.99
F3 F32 0.55,0.79,0.9 | 0.25,0.48,0.71 | 0.14,0.38, 0.65 0.39 0.40 0.30 0.42 -0.90
F3 F3y 0.58,0.83,0.93 | 0.1,0.33,057 | 0.06,0.27,053 0.28 0.29 0.27 0.78 0.01
F3 F3, 0.27,0.49,0.73 | 0.2,0.43,0.68 | 0.06,0.21, 0.49 0.23 0.26 0.24 0.83 -0.23
F3 F32 0.24,0.46,0.71 | 0.09,0.31,0.55 | 0.02,0.14, 0.39 0.16 0.19 0.21 1.23 1.31
F3 F32 0.54,0.77,0.89 | 0.24,0.48,0.73 | 0.13,0.37, 0.64 0.38 0.38 0.29 0.41 -0.89
F3 F33 0.27,0.51,0.73 | 0.29,0.51,0.74 | 0.08, 0.26, 0.54 0.28 0.30 0.25 0.55 -0.99
F3 F3 0.27,0.51,0.75 | 0.1,0.33,058 | 0.03,0.17,0.43 0.19 0.20 0.20 0.82 -0.29
F3 F3y 0.6,0.85,0.95 | 0.38,0.62,0.86 | 0.23,0.53,0.82 0.53 0.52 0.31 0.09 -1.14
F3 F3 0.51,0.75,0.88 | 0.14,0.24,0.48 | 0.07,0.18,0.42 0.20 0.26 0.32 1.19 0.23
F3 F33 0.32,0.55,0.78 | 0.11,0.35,0.58 | 0.04,0.19, 0.45 0.21 0.22 0.22 1.00 0.61
F4 Fdso 0.29,0.52,0.76 | 0.15,0.39,0.62 | 0.04,0.21, 0.47 0.22 0.25 0.24 0.98 0.42
F4 Fda 0.25,0.47,0.72 | 0.11,0.35,0.6 | 0.03,0.17,0.43 0.19 0.21 0.22 1.09 0.73
F4 F4s, 0.57,0.82,0.93 | 0.27,0.51,0.75 | 0.15,0.42,0.7 0.42 0.43 0.29 0.30 -0.93
F4 Fdas 0.54,0.77,0.89 | 0.36,0.6,0.85 | 0.1,0.46, 0.759 0.46 0.46 0.33 0.25 -1.13
F4 F4s, 0.3,0.53,0.76 | 0.13,0.36,0.6 | 0.04,0.19, 0.45 0.21 0.23 0.23 1.08 0.78
F4 Fdss 0.59,0.83,0.93 | 0.27,0.52,0.76 | 0.16,0.43,0.7 0.43 0.44 0.28 0.25 -0.96
F4 Fdas 0.3,0.55,0.8 | 0.25,0.49,0.74 | 0.08,0.27,0.59 0.29 0.31 0.24 0.51 -0.95
F4 Fdsr 0.3,0.54,0.77 | 0.09,0.33,0.57 | 0.03,0.18, 0.44 0.20 0.21 0.20 0.72 -0.39
F4 Fdsg 0.29,0.52,0.75 | 0.07,0.29,0.53 | 0.02,0.15, 0.4 0.17 0.18 0.18 0.74 -0.48
F4 F4aq 0.09,0.20,0.45 | 0.02,0.1,0.35 | 0.00,0.02, 0.15 0.04 0.05 0.08 2.15 6.37
F5 F54 0.35,0.6,0.8 | 0.64,0.89,0.97 | 0.22,0.58,0.78 0.52 0.52 0.29 0.10 -1.12
F5 F541 0.32,0.57,0.8 | 0.26,0.51,0.76 | 0.08,0.29, 0.61 0.31 0.33 0.24 0.54 -0.80
F5 F542 0.34,0.59,0.81 | 0.05,0.30,0.55 | 0.02,0.18, 0.44 0.19 0.21 0.19 0.63 -0.56
F5 F543 0.25,0.5,0.74 | 0.44,0.69,0.92 | 0.11,0.35,0.68 0.36 0.38 0.28 0.53 -0.72
F5 F544 0.25,0.5,0.75 | 0.1,0.32,057 | 0.02,0.16, 0.42 0.18 0.20 0.21 1.14 1.1
F5 F54s 0.25,0.49,0.74 | 0.2,043,0.68 | 0.050.21,0.5 0.23 0.26 0.23 0.68 -0.66
F5 F54 0.24,0.48,0.73 | 0.04,0.25,05 | 0.01,0.12,0.37 0.14 0.17 0.17 0.80 -0.53
F5 F547 0.26,0.51,0.76 | 0.25,0.49,0.74 | 0.07,0.25, 0.56 0.27 0.29 0.23 0.56 -0.84
F6 F6ag 0.61,0.86,0.95 | 0.63,0.88,0.96 | 0.38,0.76,0.91 0.72 0.68 0.29 -0.33 -1.13
F6 F6ug 0.32,0.57,0.81 | 0.07,0.31,0.55 | 0.02,0.18, 0.45 0.19 0.21 0.20 0.69 -0.45
F6 F6s 0.29,0.54,0.79 | 0.05,0.28,0.53 | 0.02,0.15, 0.42 0.17 0.19 0.19 0.63 -0.88
F6 F6s1 0.52,0.77,0.97 | 0.46,0.71,0.92 | 0.24,0.55,0.9 0.55 0.56 0.31 0.07 -1.25
F6 F6s, 0.29,0.54,0.79 | 0.45,0.7,093 | 0.13,0.37,0.73 0.39 0.41 0.28 0.43 -0.93
F6 F6s3 0.29,0.53,0.77 | 0.48,0.73,0.94 | 0.14,0.38,0.72 0.40 0.42 0.28 0.37 -1.04
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qualitative data collated from the linguistic expressions
of the judges and using the relations from equation (1)
through equation (7). (Where, F1, F2, F3, F4, F5, and
F6 represent the Risk Attributes). The fuzzy numbers
represent the implied most pessimistic, probable, and
most optimistic risk connotations from the linguistic
expressions. The deffuzified crisp numbers in Table
3.2 show the quantitative values of the risk variables
with the corresponding four moments of mean, standard
deviation, skewness, and kurtosis. Interestingly,
Security of personnel ranked highest and rightly
followed by Host community Restiveness with risk
values of 0.72 and 0.55 respectively, these were
followed by Operating cost, and Regulations with risk
values of 0.55 and 0.53 respectively, while
Development Capital/Lifting cost posted a medium risk
value of 0.46. The findings seem in congruence with
realities on ground as typified by the growing insecurity
situation in the Nigeria Niger Delta as well as the spill
incident experience of British Petroleum in the Gulf of
Mexico. Understandably, in the bottom of the stack
happens to be market demand with a paltry 0.04 risk
value.

Based on the foregoing computations, the total risk
associated with Isiekenesi Marginal QOilfield operation
is the resulting weighted triangular fuzzy risk, posting
cumulative pessimistic, probable, and optimistic values
of 0.35, 0.75, and 0.96 and graphically depicted in
figure 3.1.
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Figure 3.1: Total Risk Value
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Monte Carlo Simulations Analysis

The investment profitability equation (1) only provides
a very simplistic, feel good, estimate without vividly
accounting for the risk volatility. Monte Carlo
Simulation evaluation (Mun, 2010) of the hypothetical
investment profitability accounted for randomness of
the computed risk and uncertainty values using the
fuzzy boundaries. The real system net present value
computed for different hurdle rates for both the ideal
cases and risk adjusted cases plotted in Figure 3.2, are
taken from Monte Carlo Simulation graphs of the risk
adjusted cases in figures 3.3 to 3.5.
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From figure 3.2, the unrisked project NPV curve
presents a deceptive break-even point at approximately
31.5%, thus projecting a wrong impression of a robust
investment, whereas, a more realistic breakeven value
falls at approximately 11.4% when risk adjusted. The
risk curve rightly indicated the exponential volatility
rise from zero discount rate to 30% discount rate and
thereafter remained consistent.
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Figure 3.2: Investment Returns Profiles

The Expected Payoff (Profitability)  equals the
Risk Adjusted Net Income.

= {(Oil Price x Oil Production - (Capital

Expenditure  (Capex) + Operational

expenditure (OPEX) + Cost of capital) X
inflation factor x escalation factor) — (Tax +
Royalties + Sign on bonus)} x Effective Risk
Factor 9)

Where, the Qil Price per barrel (bbl) = base price/bbl +
A(CAPI) — B(%S), oil production Q, at time t,
gi[1+(aiht)]-(1/h), Capex Cc (i+PIDt, Indirect
Expenditure includes Taxes + Royalties + Sign on
Bonus, The Cost of capital vp/(PVIFi,n)
(vpxi)/[1+i)-n] and given (Mun, 2006),

Arithmetic mean, or simple mean, X
_ I, x
" (10)
Standard Deviation, )
TR, (x-x)°
e e
R n—1 (11)
Skewness,
_ n n XIi—X
Skew = (m-1)({n—-2] Eizl( 5 )3 (12)
Kurtosis
n(n+1) Xi-X 3(n-1)2
= ?:1[—]4 P
(m-1)(n—-2)(n-3) 5 (n-1)(n-3) (13)
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Figure 3.3: Net Present Value at 5% Discount Rate.

the corresponding risk adjusted NPVs showed a lower
The NPV at discount rates below 10% posted positive 46 million dollars and 7 million dollars respectively.
returns with a significant value variance for both the Thus, decision based on the former expectations may
conventional and risk adjusted cases. While deceptive be misleading with the risk values rising exponentially
282 million dollars and 156 million dollars were posted as the discount rate increases.
for 5% and 10% respectively for the unadjusted NPV,
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Figure 3.4: Net Present Value at 15% Discount Rate.

profitable whereas the risk adjusted case showed a
Interestingly, above 12%, the unadjusted case posted a  negative NPV. The risk adjustment stands out as a tool
positive NPV, an indication that the project remained challenging the investment robustness.
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Figure 3.5: Net Present Value at 40% Discount Rate.

Unfortunately, this would not have been realistic
At a discount rate above 30% both showed negative  without the aid of Fuzzy Logic technique to sift out the
NPV indicating the loss of investment at such hurdle values of the risks quantitatively for mathematically
rate, irrespective of the case. However, Monte Carlo computing the real returns on investment. Without a
simulation has helped to extricate the safe span of = methodology for adjusting the investment profitability
investment profitability in the venture and provides with actual quantified risk factors which, in reality,

high confidence in the decision making process. could swing upwards or downwards from the ideal, the

computed NPV would not depict the true investment
CONCLUSION viability. Again, the fuzzy logic technique was very
Risk in marginal oilfield exploitation remains a  effective in systematically transforming qualitative
dynamic challenge that requires pre-emptive analytical linguistic expressions to tangible quantitative numbers

tools for its management and control. For a high risk ~ for mathematical decision support. The Monte Carlo
project like marginal oilfield development, a risk simulation made it easier to compute multivariate input
weighted average cost of capital provided a more incorporating the fuzzy risk ranges into one
realistic expression of the return on investment. computation. It was also successful in computing
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different scenarios with multiple runs for an effective
comparison. Thus, the combination of Fuzzy Logic
technique with Monte Carlo Simulation has served as a
veritable tool for effectively analyzing risk impacts in
marginal oilfield exploitation and realistic decision
making.
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