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The processes related to oil and gas infrastructure are costly and hazardous. So, it requires complex mea-
sures to prevent the project overflow in terms of cost and time. This paper proposes two new methods
with the capability of use in oil and gas projects, namely a modified risk driver method, and an integrated
risk-schedule driver approach under the pressure of probable resources. The goal of the study is to in-
crease the use of cost and schedule risk analysis in the company under study with a focus on incidental
costs calculated at the end of the development phase. Using the Primavera Risk Analysis software, we
will perform the cost and schedule risk analysis of an oil project at the National Iranian Drilling Com-
pany using each one of the proposed modern methods and with the help of consulting engineers and
compare their results considering the estimation of incidental costs and the recognition of high-severity
risks. Then, we will perform a sensitivity analysis on the activity level in order to enhance the sched-
ule risk analysis of the target company and identify the most significant activities in the project program
through a series of measurements. Also, we will perform a numerical analysis considering the integrated
cost and cost risks. © 2024 Journal of Energy Management and Technology
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1. INTRODUCTION

According to [1], the definition of risk can vary depending on the
application domain. For instance, in the business domain, risk is
defined as the likelihood of achieving successful outcomes. On
the other hand, in the project domain, it is defined as the success-
ful completion of a project within a predetermined timeframe
and cost [2, 3]. The Project Management Institute Reference [4]
defines risk as an uncertain event or condition that, if it occurs,
can have a positive impact (opportunity) or a negative impact
(threat) on project objectives. Since projects are subject to uncer-
tainties arising from both external and internal factors, effective
risk management is necessary to reduce the probability of oc-
currence and/or minimize the negative impact of risky events
[5]. In terms of assessing uncertainties, risks are typically cat-
egorized as low, medium, or high, depending on the overall
impact they may have. From a quantitative perspective, risk
is addressed through the implementation of countermeasures
aimed at reducing either the likelihood or the consequences of
a risk, or by transferring the risk to a third party, such as an
insurance company [6].

Risk management is an essential and systematic process im-
plemented in industrial establishments, following the manufac-
turer’s policies and industry best practices. This process plays a
crucial role in understanding the cause-and-effect relationships
between risks and their associated operations [7, 8]. Risk man-
agement can be proactive, employing managerial procedures
to lower the probability of occurrence, or reactive, responding
promptly to minimize the negative impact after a risk has mani-
fested. It is important to note that the occurrence of risks often
changes over time, necessitating continuous monitoring. The
comprehensive management of risk involves the identification,
control, and minimization of the impact of unpredictable or un-
certain events. Four fundamental phases in the risk management
process: risk identification, risk assessment, risk analysis, and
risk mitigation [6]. Among these phases, the risk analysis phase
holds prime importance. Its objective is to prioritize identified
risks and provide data to support the evaluation and treatment
of risks. During the risk analysis process, it is crucial to systemat-
ically utilize available information to determine the frequency of
specified events and assess the magnitude of their consequences
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[9, 10]. This process can take various forms, including quali-
tative, semi-qualitative, quantitative, or a combination thereof.
Qualitative risk analysis involves instinct-based assessments
of a situation, while quantitative risk analysis aims to assign
numeric values to risks using empirical data or quantified quali-
tative assessments [11]. Risk analysis methods based on systems
and probability are typically employed in cases where sufficient
failure statistics are unavailable [12, 13].

One of the primary goals of project managers is to create a
cost estimation method and a project schedule showing when
the project will be completed. Considering the fact that the
project risks often tend to increase rather than decrease the costs,
the delayed commissioning of projects (cost and time increase)
has become commonplace [14]. In oil projects, like many other
projects in Iran, the time-cost balance issue is the main concern.
Oil and gas development projects are compressed and high-
risk investments, which make them vulnerable to cost and time
overruns [15]. In addition to the balance theorem, some costs are
considered as a buffer and the maximum sum of the project cost.
The estimation value of this sum can help complete the project,
which can cause significant damage to the contractor and the
employer. If we want to make this sum realistic, we should
consider finding and analyzing the risks carefully and finding
relationships between them. In this research, we seek to find
methods of quantitative analysis that improve the values of Cost
Risk Analysis (CRA) and Schedule Risk Analysis (SRA). We will
use software applications to estimate the cost at which the project
will be completed. We will test the typical methods by focusing
on the amount of buffers, comparing them with Quantitative
Risk Analysis-Monte Carlo Simulation (QRA-MCs) and selecting
the appropriate method. We will compare the method used
by oil companies with the appropriate method found in the
previous step. The ultimate goal of this study is to help mitigate
the cost and time overruns in oil and gas projects. Additionally,
this research tries to introduce a method by which oil and gas
companies can estimate the additional cost of work (buffer) and
update its rate at the design and planning stages, and even in the
implementation stages, if needed. If it is continuously updated,
it is possible to minimize the accumulation of additional capital
to guarantee doing the work or to think of finding capital to
guarantee doing the work. This research will be organized as
follows: we will review the previous studies in the next part.
In the third part, we discuss the research process, methodology
and the tools used in the research to analyze the problem under
study. The results will be presented and analyzed in the next
part, and the fifth part will deal with the conclusion of the study
and end with some suggestions for future research.

2. LITERATURE REVIEW

Here, we review the articles that have been written about risks,
estimation conditions, how to use numerical methods, the Monte
Carlo method, and information analysis. Reference [16] con-
ducted a study on major oil and gas projects, finding that risks
related to offshore projects tend to increase and are an important
factor in doing risk analysis and evaluating reliable probabilities.
The determined probabilities provide no guarantee and instead
allow for the fulfillment of cost and time criteria. He stated that
stakeholders in offshore projects need more than ever to be realis-
tic and rational about the probabilities required, know about the
probability of fulfillment of the approved expense and schedule,
the probability of overflow of the cost and predicted schedule,
and identify high-probability risks for which we should define

a reliable risk severity mitigation program. References [14] and
[16] performed research on risks and concluded that they should
avoid underestimating the time and cost in order to cope with
the overflow problem. Reference [14] found that we should
avoid underestimating the cost and time in order to eliminate
the cost and time overflow problems in projects. To achieve this
aim, it is very necessary to recognize and evaluate the conditions
and events that can divert the cost and time of the project from
the initial estimation. This method is known as risk analysis,
which in turn paves the way for developing a realistic proba-
bility assessment of time and cost. It is necessary to identify
and evaluate the conditions and events that may divert project
costs and time from the initial estimate. Investigating various
project risks and their impacts, he found that cost risk depends
on the uncertain elements of the project and that cost estima-
tion will not be reliable if planning fails. References [14] and
[17] criticized Monte Carlo and non-Monte Carlo approaches
and concluded that the Monte Carlo simulation always ensures
that concepts and results will be consistent. Considering that
Monte Carlo techniques take into account the combination of
multiple risks, their results can practically enhance decision-
making confidence for managers. This paper deals with the
quantitative risk analysis method, which can in turn be done
through different models. Reference [17] classified quantitative
evaluation methods into computational methods and software
methods. The computational methods were subdivided into
(1) Monte Carlo simulation methods; (2) numerical approxima-
tion methods; (3) precise algebraic solutions; and (4) torque
calculation methods. References [18], [19] and [14] analyzed the
various methods used for quantitative evaluation. They found
that Monte Carlo simulation models have been experienced and
tested more than the various methods of quantitative risk anal-
ysis. They argue that the Monte Carlo simulation model is the
most common and acceptable method for quantitative risk anal-
ysis. By combining various risks and their interactive impacts,
the MCs technique practically leads to multiple options from
which decision-makers can choose based on their potential toler-
ance. In addition, the above-mentioned result, which is based
on probability, is one of the requirements of the association for
the advancement of cost engineering regarding the probability
assessment method. Therefore, the new methods of evalua-
tion and assessment in the oil and gas industry usually use
probabilistic thinking through the use of incidental simulation
techniques. Reference [20] presented a novel quantitative risk
analysis and assessment approach integrating AHP and Monte
Carlo simulation methods. The study employed AHP to assign
weights to Confidentiality, Integrity, and Availability (CIA) as
information asset security attributes. To address uncertainties in
vulnerabilities and threats, Monte Carlo simulation was utilized,
considering multiple evaluators’ perspectives. Reference [21]
assessed cost estimation in construction projects using Monte
Carlo simulation, examining the probability distribution of dif-
ferent cost elements. The authors explored correlations between
project costs and simulation results, highlighting the value of
Monte Carlo simulation for risk management and cost estima-
tion. They identified an imbalanced and positively skewed cost
distribution, indicating interdependencies among cost elements.
In a study by [22], a fuzzy Monte Carlo simulation (MCS) ap-
proach was proposed to address the mentioned issues. The fuzzy
MCS offers advantages over traditional MCS by incorporating
both aleatory and epistemic uncertainty, and generating a range
of probability distributions. Additionally, the paper explored
the effective utilization of fuzzy MCS for uncertainty and global
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sensitivity analysis. Reference [23] employed a Monte Carlo
simulation-based fate model to investigate the behavior of six
antibiotics in wastewater treatment. The study found that nor-
floxacin and ciprofloxacin exhibit higher removal rates during
secondary treatment compared to other antibiotics. The total
removal efficiencies were primarily influenced by the tertiary
process, with reverse osmosis achieving high removal rates for
all antibiotics. Ozone treatment demonstrated negative corre-
lations between antibiotic removal and molecular weight, log
octanol-water partition coefficient, and acid dissociation con-
stant. Reverse osmosis effectively reduced antibiotic toxicity,
while residual erythromycin and ciprofloxacin in effluent pose
higher risks even after ozone and powder activated carbon treat-
ments. These findings contributed to optimizing wastewater
treatment and assessing antibiotic risks in the environment. Ref-
erence [24] developed a dual-interval stochastic programming
method (MC-DSP) using Monte Carlo simulation to assess un-
certainty impacts on crop planning and irrigation water supply.
Applied to the Zhangweinan River Basin in China, the method
generated solutions for crop planning and water allocation, re-
vealing changes in system benefits and irrigation shortages due
to varying surface water availabilities. Insufficient water for
wheat irrigation poses a risk to food supply, and all subareas
of farmland experience water deficits under different scenarios.
The conflicts between economic development and agricultural
sustainability necessitated adjustments to food security policies.
Reference [25] conducted a study to identify the critical risk
criteria in Oil and Gas Construction (OGC) projects based on
data collected from expert interviews in Iran in 2016. The study
utilized DEMATEL to evaluate the relative strengths of interde-
pendencies among the risks and employs the ANP method to
assess the significance of risk factors and determine an optimal
risk management strategy. The research findings contributed a
novel adaptation of risk assessment methodology specifically tai-
lored to OGC projects, highlighting key risk factors influencing
project success and aiding in the development of policies for reli-
able energy supply planning. Reference [6] focused on studying
the recognition, application, and quantification of risks in project
management, specifically within an oil and gas project in Oman.
Qualitative data on project risks were gathered through field
visits and interviews, which were then converted into numer-
ical values based on expert opinions. Monte Carlo simulation
using Risky Project Professional software predicted a potential
2-year delay and an 8% chance of exceeding the budget. The
numerical analysis was validated by comparing it with qual-
itative analysis conducted with project managers. Reference
[26] provided a comprehensive assessment of risks in the Ira-
nian bridge construction industry through site visits, interviews,
and questionnaires. Monte Carlo simulation was employed to
quantitatively analyze risks on a real project, determining their
impact on project time and cost. Financial risk was identified
as the most critical factor affecting projects. Practical solutions
for risk assessment and analysis were proposed, beneficial for
contractors, project managers, and project control engineers in
bridge construction companies. Reference [27] assessed the im-
pact of delay risks on the completion time of an oil and gas
project in Indonesia. Data on delay risks were collected from
literature reviews, project documents, and interviews. A Monte
Carlo simulation was conducted, revealing a probability of less
than 1% for on-time completion and projected extensions of
10.6% (405 days) and 14.2% (418 days) with 50% and 80% proba-
bilities, respectively. The sensitivity analysis identified tubular
delivery as the most influential activity, with long-lead item

delivery being the risk with the greatest impact on project de-
lays. The findings informed stakeholders in developing effective
risk mitigation strategies. Reference [28] examined risk man-
agement challenges in Public-Private-Partnership (PPP) project
implementation. Through decomposition analysis, government
risk, market risk, and project risk were identified as key risks in
PPP projects. A list of PPP project risks was established, and an
improved matter element model was proposed for risk assess-
ment. Reference [29] presented a novel consulting process to
address the previously mentioned challenges in the triangular
FAHP. This process included an innovative questionnaire de-
sign and an approach for determining fuzzy numbers based on
experts’ responses. The effectiveness of the proposed method
was demonstrated through its application in the Jinan metro
tunnel construction case study, where the new questionnaire
outperforms the traditional one in terms of convenience and
time efficiency for collecting experts’ opinions, resulting in the
establishment of consistent judgment matrices using triangular
fuzzy numbers. Reference [30] presented an original risk assess-
ment approach using Monte Carlo simulation that addresses
the co-occurrence of risks. They utilized extended and clas-
sic simulations to prioritize risks through Co-Occurrence-based
Risk Assessment (CORA) and determines uncertainty levels for
each risk source. The proposed model not only identified and
analyzed risks but also explored relationships between them,
distinguishing between resonance and reduction effects. The
authors incorporated a system dynamic model to visualize risk
relationships and was successfully applied to a petrochemical
project. The results highlighted the significance of considering
risk co-occurrence, emphasizing the value of CORA in compre-
hensive decision-making for managers. Reference [31] analyzed
46 infant formulas from the Chinese market to determine the
levels of 3-MCPDEs and GEs. By combining occurrence and
consumption data, a Monte Carlo simulation-based model was
developed to assess the risk of these contaminants in Chinese
infant formulas. The results showed that 3-MCPDEs posed min-
imal health risks to most populations aged 0-36 months, while
GEs may pose potential risks to 10% of the 0-12 month’s age
group. The study highlighted the importance of considering
uncertainties in the assessment and provides insights for regula-
tory limits in China. Reference [32] measured the concentration
of diazinon, chlorpyrifos, and malathion in cantaloupe and soil
samples from Kashan and Aran-Bidgol, Iran. Monte Carlo sim-
ulation was used to estimate the oral and dermal health risks
associated with these pesticides. The results indicated that the
concentrations of these pesticides in cantaloupe and soil were
within acceptable limits. However, continuous exposure to these
pesticides may still pose potential harm. The study emphasized
the importance of understanding the health consequences of
pesticide contamination and implementing remedial strategies
to mitigate environmental concerns. Reference [33] examined
the distribution, sources, and environmental risks of potentially
toxic elements (PTEs) in cultivated soils in Lishui City, China.
The results highlighted Pb and Cd as the main pollutants with
higher ecological risks. Analysis identified natural, mining, traf-
fic, and agricultural sources contributing to PTE accumulation.
Mining activities were found to significantly impact human
health risks, especially for children. This research provided valu-
able insights for managing PTE pollution and controlling health
risks in cultivated soils. Reference [34] evaluated the economic
risks of district heating (DH) networks considering uncertainties
in energy prices and waste heat availability. A case study of an
inter-regional heat transfer network in Austria was conducted
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using Monte Carlo simulations. The results demonstrated that
DH networks, by optimizing the utilization of waste heat and
integrating various heat sources, can mitigate the economic risks
associated with fluctuating energy prices compared to individ-
ual heating systems.

The inability of the existing models to integrate systemic risks
is one of the most noticeable inherent deficiencies. This ineffi-
ciency is a chronic problem that affects all MC-based models.
Instead of considering the project as a whole, it focuses on linear
elements and thus can only focus on the project-specific risks.
This paper initially proposes a modified hybrid model, which,
unlike the model presented by [35], extracts the results of both
models separately and then integrates them in a separate step.
Due to the need for an extra step, this will add to the complexity
of the task. In addition, the common risk analysis software ap-
plications are not able to simultaneously control both integrated
methods, which, as a result, limits the applicability of the com-
bined model in the industry. To solve this problem, we present
an integrated risk driver approach with Probabilistic Resource
Loaded Schedule (PRLS), the use of which will lead to a better
prioritization of the noticeable risks involved in the costs of this
project. In this regard, based on the gathered data, "uncertainty
of duration" has the most critical impact. Therefore, improving
the accuracy of the input data for the program can increase the
accuracy of the estimated final cost. The main differences be-
tween this paper and other studies that have been conducted in
this area are presented as follows:

• Simultaneous consideration of cost and time risks directly,

• Considering the correlation of risks,

• High iterations of risk variables that reduce the probability
of not considering the important risks,

• The decision maker’s freedom to balance time and cost

• Introducing two new Monte Carlo simulation methods,
the modified risk driver method and the integrated risk
schedule method, under the pressure of probable resources
with the ability to be used in oil and gas projects,

• Possibility of changing the analyses at the start of the project
stages and reducing uncertainty,

• Implementation of cost risk analysis and schedule risk anal-
ysis of an oil project in Iran’s National Drilling Company
using the proposed methods.

3. METHODOLOGY

A. Research Stages
This research aims to enhance the performance of CRA and
SRA methods by focusing on probable costs at the end of the
development phase. Different methods of ascertaining probable
costs have been investigated by different studies, among which
the quantitative risk analysis methods based on Monte Carlo
simulation models for cost and schedule have been subjected to
more in-depth studies. The steps involved in this article are as
follows:

1. Investigating the CRA and SRA techniques with a focus on
probabilistic estimation using QRA-MCS-based models to
find a new solution usable in oil and gas projects in Decision
Gate 3 (DG3).

Fig. 1. Classification of Monte Carlo simulation methods [14].

2. Comparing the theory of the current approach in a sample
company in terms of CRA, SRA, and probability estimates
in DG3 with recommended procedures in order to find
possible contradictions and cases of incorrect use and their
impact on final results.

3. Implementing the new CRA and SRA methods identified
in the sample company and comparing the results with
current procedures in order to improve the sample com-
pany’s status in terms of estimation of probable costs and
identification of significant risks.

4. Doing a practical comparison between the Monte Carlo
simulation methods for estimation of probabilistic costs and
the corresponding non-MC models in the sample company
in order to find the inconsistency in their results.

B. Examining Typical MCs-Based Models for the QRA
All the methods presented hereafter make use of the simula-
tion process. These methods combine expert judgment with
the analytic model and then obtain probabilistic outputs using
simulation. Figure 1 presents a classification of Monte Carlo
simulation methods.

B.1. Traditional Methods

Traditional models are those that use probability density func-
tions (PDFs) to provide uncertainty in the values of elements due
to the impact of existing risks. In other words, these techniques
focus on the level of activity rather than the risk. The three-point
estimation method is the simplest type of MC-based model that
confirms the risks by taking uncertainty and associated risks
into account for each project. The larger the distribution width,
the greater the uncertainty of income. Some criticisms of the
3-point estimate method are presented below:

• In this method, the risk probability is ignored completely,
and risks are presented merely due to their unknown im-
pacts.

• It is not possible to distinguish the impact of each risk on
the cost of the entire project. In other words, this model
does not play a role in determining the most serious risks
and planning to reduce them.

• Focusing on the element of each project cost leads to a loss
of the impact of the risk on other cost elements.

• The mental evaluation of the collective impact of multiple
risks on the elements of each cost is difficult for experts.
This plays a role in the uncertainty of the input data.

The widespread estimation method was developed based on the
Pareto principle (also known as the 80/20 rule, the law of the
vital few, or the principle of factor sparsity). This method can be
assumed as an advancement to a 3-point estimate model focus-
ing merely on vital activities, which, according to Humphreys
(2008), impedes the final probable underestimation caused by
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the 3-point method. This method determines the risks of the
project cost by focusing on a few vital elements, classifying the
vital opportunities and risks, and using the Monte Carlo simula-
tion technique. The key to using this method is to identify the
vital elements of the project and apply the spectrum of estimates
to those elements. A common misconception is that very large
cost elements are vital due to their scope, while an item must
be considered vital if it can be sufficiently changed to impose a
significant impact on the profit or cost of the project. The main
critique of the widespread estimation method is that it neglects
the impact of uncertainty associated with non-vital elements by
assigning algebraic values for them and ignores their collective
impacts. In rare cases, highly correlated non-vital elements have
collective impacts even beyond the impact of the vital item, but
this impact cannot be taken into account with this method due
to the exclusive focus on vital elements.

B.2. Driver-based Methods

According to the Association for the Advancement of Cost
Engineering (AACE), the key concept in risk management is
that a probabilistic estimate should reflect the causes or drivers
of the risk. By contrast, traditional methods (3-point estimate
or widespread estimate models) do not bind the calculated
probabilistic estimate to the root causes of uncertainty. In
order to overcome this deficiency, driver-based approaches
that focus particularly on risks have been gradually developed.
In other words, [36] argue that baseline estimates should be
competitive, that is, they should require increased pricing and
excessive prescription for general unknowns. As shown in
Figure 1, driver-based models include three methods: the risk
driver, the conditional method, and the expected value method.
We study an oil project at the National Drilling Company. A
comparison of the process of cost and time analysis in this
company (Appendix 3) with the researched methods shows that
the National Drilling Company currently uses the risk driver
method. Accordingly, it is assumed that these analyses are not
affected by the inefficiency of traditional methods. Therefore,
this paper proposes two new methods based on the risk driver
method in order to analyze the cost and schedule risks in oil
and gas projects. In the following, we will introduce the risk
driver method and these new methods.

Method 1: The Risk Driver Method

This method was introduced by [14]. Let’s provide a brief
explanation of this method.

• Risks are derived from the risk register form.

• Risks are assigned to project element costs (more than one
risk is assigned to an element).

• The probability of each risk is estimated (algebraic).

• The impacts of each risk regarding estimation of the cor-
responding base of cost elements in incremental terms are
specified explicitly, that is, the incremental coefficients of
"L, M, H" for the impact on the element of each cost and the
type of probabilistic distribution for it are specified.

• Implementation of MCs, meaning that in each iteration, if
multiple risks affect one activity, their incremental factors
(random selection from probabilistic distributions of im-
pacts) are multiplied by one another and are applied by
estimating the baseline cost (algebraic value) of the project

Fig. 2. The impact of risk uncertainties and events on the form
of the probability density function based of Reference [14].

element for determining the cost of that particular activity
during that iteration. If a risk does not occur during the
iterations, value 1 is assigned as its incremental impact to
neutralize its impact in the increment (multiplication).

• Risk events may or may not occur (with a probability of
less than 100%) and have uncertain impacts. The absence
of key, high-quality personnel is an example of this. The
probabilities of risky events are specified with an algebraic
value.

Figure 2 shows the impacts of the assignment of multiple
monopoly uncertainties and risk events and their combination
with the distribution of project cost elements. It is necessary
to emphasize that the probability distribution will change if a
completely risky event occurs. Because the element of each risk
is 100% definite, the cost of many iterations of MCs will be equal
to the baseline estimate. The mutation in the combination mode
tends to fade. Reference [14] shows that correlations between
line elements are due to risks, and risks are assigned to project
elements in this model. Because conclusions are inferred from
the incremental factors of risks, the cost elements are correlated
with the progression of the simulation. These risks must be
independent of one another and integrated into each term.
Therefore, there is no need to determine the correlation between
risk elements.

Method 2: Modified Risk Driver Method

Regardless of the correlation between non-deterministic
elements, one of the inaccurate uses is inaccuracy in the results
of MC-based models. In order to avoid the participation of
correlation coefficients in non-deterministic elements, we
used independent risk factors in the risk driver method. This
approach is quite consistent with [14] approach to the selection
of risk factors. By using this method, Reference [14] claimed
that by choosing strategic level risks, we do not need to estimate
the correlation coefficients between uncertain factors of risk.
In addition, due to the use of the risk driver method, the
correlations between the lines in the cumulative distribution
function (CDF) are modeled in practice, and consequently,
there will be no need to estimate the correlation coefficients
through them. However, as [37] asserts, entering risks only
from the strategic level causes us to ignore the impacts of some
of the precise technical risks and acts as a deterrent, causing
the correlation between the curve lines of the CDF not to be
fully accounted. This indicates that if we involve only risks at
strategic levels that are closely interrelated, we will still need
to use the correlation coefficients between them in order to
precisely determine the residual correlation due to the impact of
ignoring the precise technical risks.
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Method 3: An integrated risk-schedule driver approach
under the pressure of probable sources

The integrated cost-schedule risk driver method has been
selected as the latest technology for implementation in the CRA
domain and compared with the current risk driver method.
This choice is justified for the following reasons: Considering
the fact that the Eavar field development project is one of
the major projects in the oil and gas industry, it is assumed
that a large amount of the cost of this project is supplied
through time-dependent resources. Accordingly, as an impact
of sensitivity analysis on the cost of the Eavar project, the
"schedule impact", which is the impact of the fluctuations of the
schedule on project cost, has been posed as the most significant
risk in the CRA. This confirms the above-mentioned assumption
regarding the size of time-dependent resources in the project,
and thus emphasizes the degree of effective involvement of
schedule risks and uncertainties in cost-risk analysis. In contrast,
this impact is only estimated approximately in the risk driver
method for the CRA in the target project (Method 1) by adding
a single risk item called the "schedule impact" (Appendix 5).
This type of analysis is performed outside the framework of
the project schedule and, as a deterrent factor, considers only
one single-purpose impact of schedule risks on the project cost.
According to this principle, the effective involvement of the
schedule impact in the project cost is described as a benefit
of integrated analysis in the risk driver method through the
direct modeling of the relationship between cost and schedule.
Modeling is done by applying the integrated risk driver method
using the project schedule as a platform.

Sensitivity analysis in driver-based methods

Better and more reliable sensitivity analysis is regarded as
a major advantage of driver-based methods over traditional
methods because sensitivity analysis can be done on risk drivers
rather than activities. Now it is good to find the risks that are
more serious at a certain level of confidence and subsequently
provide reliable inputs for the discount plan. The impact of each
risk on the cost of the whole project and its prioritization by
sensitivity analysis depend on the following:

• Its probability of occurrence,

• The scope of its impact on the project cost elements,

• The number and size of the cost elements assigned,

• The predetermined confidence level at which the sensitivity
analysis is performed, given that the resulting Tornado dia-
grams are based on correlation concepts that are themselves
determined by input and output distributions (A risk sig-
nificant at the P-70 level may not be significant at another
level).

4. CONCLUSIONS AND THEIR INTERPRETATIONS

In this part, we will implement the methods presented on an oil
project at the Iranian National Drilling Company. It should be
noted that the Consulting Engineers Company performs the cost
and schedule risk analysis for the target project based on the
process of cost and schedule risk analysis of the National Iranian
Drilling Company at DG3. To analyze the results, instead of the
@Risk software, we used the trial version of the Primavera Risk
Analysis (PRA) software for the following reasons:

• Free access to the trial version of the PRA was available
only for one month.

• In comparison with @Risk, the PRA software has a combina-
tion of more terminal equipment and computer programs.

• Unlike @Risk, there is no need to write the formula in Excel
to describe the system’s specifications in the PRA software.
Therefore, it is quite possible to learn how to use the PRA
skillfully in a short period of time.

The PRA software is a powerful tool for project risk analysis. It
enables the user to apply it for the following purposes: schedule
risk analysis, cost risk analysis, and combined cost/schedule
risk analysis for projects. In addition, the PRA software includes
various types of reports: distribution charts, Tornado diagrams,
dispersal charts, and possible liquidity assessments. It should be
noted that this software was, in some cases, able to control and
test the reliability of the collected data. For example, to eliminate
the deficiencies in the calculated coefficients (Appendix 11), the
risk correlation table was controlled and corrected by means of
this software.

A. Results of the risk driver method
The risk driver method is the current approach of the target
company in the use of CRA and SRA. To implement the risk
driver method and analyze the results, the researchers collected
the input cost and schedule data related to the project. They col-
lected the schedule data from the existing report and collected
the cost data with the collaboration of specialists from the Na-
tional Iranian Drilling Company. This project was implemented
through the use of the Primavera Risk Analysis software. Table
1 presents the input data collected from the project as well as
the elements considered in this analysis. It should be noted
that all uncertain elements in the input data are presented using
triangular distributions.

In this method, all simulations were performed with the risk
analysis module of the PRA software. The total cost and the
duration of the project were 180562340000 Rials and 1494 days,
respectively. Based on the type of the input risk data, all the risks
were defined in the software as quantitative risks, except for
"schedule accuracy", which was defined for activities as "activity
duration Uncertainty". The Latin-Hypercube Sampling (LHS)
method, which is an acceptable sampling method superior to
MC sampling, was used in the software during simulation. In
order to implement CRA and SRA separately, we started two
"hidden risk plans", one by considering the schedule risk and
the other by considering the cost risks. After 1000 iterations of
simulations, we extracted the CDF and PDF for the cost and
activity duration of the target project.

A.1. Analysis of the CRA results

Figure 3 shows the PDF and CDF obtained from the CRA for the
Eavar Lavan project, in which the risk driver method is based
on the current approach of the drilling company. It is possible
to calculate risk probability based on different confidence levels.
Appendix 1 shows that the National Iranian Drilling Company
uses the confidence level of 50% here in the following ways:

Probability of cost = P50 value/the final cost
As Figure 3 shows, the probability of the cost of this project is

24306326730 trillion Rials, which is 13.4% of the estimated final
cost of the project. It is noteworthy that, as shown in Figure
3, there is only a 1% probability of reaching a definite value.
In addition, the standard deviation indicating the amount of
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Table 1. The input data of CRA and SRA for the project (Method 1).

Input data Description

CRA

input

data

Baseline cost (Appendix 1)
This includes estimated costs for all project activities. The cost elements were considered

just like the schedule elements.

These data were prepared with the help of the specialists at the NIDC .

Cost Risks (Appendix 2)

This document includes both the risks and the uncertainties associated with the baseline

cost of all costs. Risk also includes the probability of risk and its impact, Risk-related

elements are extracted from a company’s report, and related are obtained with the

help of specialists from the National Iranian Drilling Company.

SRA

input

data

Baseline schedule

(Appendix 3)

This document includes both the risks and uncertainties associated with the preliminary

estimation of the duration of activities. The risks also include their probability

and impacts.

Schedule risks

(Appendix 4)
These data were extracted from an existing report within the company

Fig. 3. PDF and CDF for the CRA of the project (Method 1).

uncertainty in the final result is equal to 1219064269 units. In
order to reduce the probability of a risk, we should mitigate the
specified risks. In this regard, sensitivity analysis is considered
one of the main benefits of driver-based methods over the old
methods. Figure 4 shows the impacts of sensitivity analysis on
the project cost, which includes the impact of each risk on the
total cost of the project and subsequently its priority

As presented in Figure 4, the "schedule impact ", which is
the impact of the fluctuation of the schedule on the cost, will
be the most significant risk to the project cost. This shows the
specific impact of the schedule risks and uncertainties on the
project cost. In addition, the concept mentioned in the previous
section emphasizes that the most important cost risks in large
projects are, in fact, schedule risks.

A.2. Results of the SRA results

Figure 5 shows the PDF and CDF obtained from the SRA for the
Eavar project, which are based on the current approach of the
National Iranian Drilling Company using the risk driver method.
As the above figure shows, the estimated final cost of the project
activity duration is 1494 days, and its probability of success is
only 1%. The confidence levels of 50% and 80% for the project
activity duration are 1555 and 1687 days, respectively. Figure

Fig. 4. Tornado diagram of the cost risk of the target project
(Method 1).

5 shows a significant deviation in the PDF of the time obtained
for the project from the normal distribution. This deviation, the
extension of the right-hand side of the graph, is extracted by
activity 43 (Appendix 3). This is a probabilistic branching with
the greatest impact on the project’s completion date because
it is always on a critical path. In simple terms, the part of the
ongoing activity is postponed, and the subsequent parts should
be carried out in less time and under pressure until the finish
date.

Cost results

From the CDF of the cost, the cost probability of the target
project was calculated based on the confidence level of 50% to be
2430632673, which is 13.4% of the estimated baseline final cost.
In addition, the sensitivity analysis showed that the "schedule
impact ", which is the impact of the schedule fluctuations on the
cost, is the most significant risk to the project cost. This finding
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Fig. 5. PDF and CDF related to the SRA of the project (Method
1).

reveals the specific impacts of the schedule risks on the cost of
the major projects.

Schedule results

From the CDF, the activity duration of the project was cal-
culated at a confidence level of 50% to be 1555 days, which is
40% higher than the project’s preliminary design. In addition,
the PDF also shows a significant deviation from the normal dis-
tribution, which is shown in the form of a deviation at the end
of the graph. This deviation, which is a positive point, is based
on the concept of probabilistic branching, which is used in the
schedule design, has a probability of occurrence, and will have
serious consequences for the project’s activity duration.

B. Results of the modified risk driver method

Method 2 is a modified version of Method 1, in which the incon-
sistencies identified with the corresponding theory have been
corrected. It has been emphasized that the entry of strategic-
level risks in Method 1 helps ignore the impacts of some of the
available technical risks. The result is that we ignore the residual
correlation between the project line elements. To eliminate this
inefficiency, the correlation coefficients of 0.3 are only adjusted
and set up between the activities of each work package due to
the overall technical risks affecting the components of each work
package. For the implementation of Method 2, in addition to
considering the correlation coefficients, we should consider the
input data and the process the same as Method 1.

All cost and schedule inputs presented in Method 1 are also
used here. To consider the residual correlation and correlation co-
efficients between the activities of each work package, we select
and set up the overall technical risks that affect the components
of each work package. Extracting the correlation coefficients
from experts is not so promising. Therefore, considering that
the residual correlation is not a significant value, we consider
the hypothetical value of 0.3, which has been proposed by [38],
for all correlation coefficients. To apply this concept in the CRA
through the PRA software, we apply correlation coefficients of
0.3 between the estimated uncertainties of the activity duration.
The same procedure is followed for SRAs by applying these
correlations between the estimated uncertainties of the activ-
ity duration. Finally, as in Method 1, two "compact risk plans"
are created, and the results of 1000 iterations of simulation are
shown in two different forms for the CRA and SRA.

Fig. 6. PDF and CDF related to the CRA of the target project
(Method 2).

Fig. 7. The CDFs of target project’s cost obtained from the
CRA of Method 1 and Method 2

B.1. Results of CRA analysis

The CDF chart extension shows the final cost of the project and
consequently increases the uncertainty in the final result (Figure
6). Also, considering the impact of the existing technical risks
can lead to a correlation between the yellow and red lines (Figure
7).

B.2. Results of SRA analysis

Like what was mentioned in the CRA, Figure 8 shows the PDF
and SDF related to the SRA using the modified risk driver
method, in which the residual correlations among the lines are
considered. Figure 9 shows a comparison between the CDFs of
the total activity duration of the project obtained from Method
1 (blue line) and Method 2 (green line). Considering the con-
tinuation of the diagram of the obtained CDFs, like what was
described in the CRA results and as expected, the inclusion of
correlation into the analysis would extend the CDF chart of the
activity duration, thereby increasing the uncertainty in the final
result (Figure 9). Of course, this impact is smaller than the corre-
sponding result about the cost. Regarding the changes in the P50
and P80 values, the results of Figure 9 suggest that the inclusion
of correlation through the modified method only has a small
and insignificant impact on the final result. This insignificant
impact can be partially justified for the following reasons:

Two contradictory positions were previously described about
the changes in the final activity duration of the project at the
P-50 level, if there exist parallel paths. On the one hand, the
inclusion of correlations only in the activities of each path will
exacerbate the impact of integration errors due to integration
and consequently increase the project’s activity duration in the
P50. On the other hand, the inclusion of correlations between
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Fig. 8. PDF and CDF related to the SRA of the target project
(Method 2).

Fig. 9. The CDFs of the target project’s cost, obtained from the
SRA of Method 1 and Method 2

parallel paths acts differently than the impact of the integration
error, and as a deterrent factor, it will mitigate the project’s activ-
ity duration at the P-50 level. Now, considering the schedule of
the Eavar project (Appendix 3), the inclusion of the correlation
between the activities of each work package in Method 2 leads
to the combination of the conflicting situations mentioned above,
which neutralize each other. Therefore, the project activity dura-
tion at the P-50 level or even P80 remains roughly equal to the
value obtained from Method 1.

Table 3 shows that the inclusion of the residual correlation
between line elements in the risk driver method has had no
more significant impacts on the final results of the SRA than on
the CRA, which is shown in Table 2. As explained previously,
this is due to the greater complexity of the SRA due to the
impact of the series and parallel paths on the final results. In
order to summarize the whole topic, we do not recommend
counting the residual correlations in the risk driver method in
projects in which time plays a crucial role and which have a
complex schedule, i.e., where the cost has no determining role.

Cost results

Table 2. Impact of considering the residual correlation on the
CRA results (Method 2).

Std.Deviation P50 P80 Contingency at P50

+4.7 % +1.5 % +1.8 % +13 %

Table 3. Impact of considering the residual correlation on the
SRA results (Method 2).

Std.Deviation P50 P80

+0.2 % +0.2 % -0.2 %

The extension of the CDF chart shows the final cost of
the project and consequently increases the uncertainty in
the final result (an increase of 4.7% in the pre-calculated
standard deviation). On the other hand, unlike the theory, the
pre-estimated cost of the project has increased to a level of
confidence of 50%, resulting in a 13% increase in probability
of occurrence. Therefore, it seems that taking into account the
impact of the existing precise technical risks that can result in a
correlation between the CDF lines can be useful for a contractor
company and help it achieve a more accurate probability of
occurrence.

Schedule results

The inclusion of the residual correlation in the analysis has a
significant impact on the final SRA results in comparison with
the CRA impact, and the final CDF of the schedule remains
almost the same as that in Method 1. This is due to the logic of
the schedule of the target project, in which the parallel and series
paths that exist simultaneously will have a contradictory impact
on the final schedule of the projects. As a general suggestion,
it does not appear useful to consider the residual correlation in
the risk driver method in time-based projects with a complex
schedule where the cost is not important.

C. Results of the integrated risk-schedule method under the
pressure of probable resources

The integrated risk driver method is one of the newest meth-
ods that directly models the impact of schedule fluctuations on
project costs by integrating the SRA with the CRA. To implement
this method, we have used the same schedule data as the previ-
ous ones. On the other hand, we separated the time-dependent
and time-independent sources in the case of cost and included
in the model the risks associated with them. The residual corre-
lation between line elements is similar to Method 2. In addition,
due to the integration of schedule risks and uncertainty with the
CRA, we have also considered the correlation between the cost
risk and the schedule risk. The procedure was followed based
on the process presented by the PRA software. Table 4 presents
the data required to impose costs and risks on the schedule and
production in the PRLS.

An additional step is also taken to confirm the identified risks.
After identifying the risks, we evaluate them to see whether they
cover the main uncertainties. The evaluation table is presented
in Appendix 10. This step helps us ensure that the risk areas
identified by the previous studies in the oil and gas industry are
included in our analysis.

In PRLS, all simulations are performed through the PRA. As
stated in Method 1, the final cost and activity duration of the
project are 18056234000 and 1494 days, respectively. The main
difference here is the set-up of a schedule under the pressure
of resources. Cost and uncertainty risks are implemented in
the plan in two ways: 1) the cost risks assigned to the activities;
and 2) the uncertainty of the Burn Rate, which is assigned to
the compensation rate of resources. For the schedule risks, the



Research Article Journal of Energy Management and Technology (JEMT) Vol. 8, Issue 3 205

Table 4. The input data required for the project (Method 3).

Input data Description

Schedule baseline plan

(Appendix 3)

This is a similar method to the document previously used for methods 1 and 2.

As previously stated, the integrated approach requires a high-quality project schedule with a high WBS

level that has the characteristics of an optimized schedule. This plan includes initial estimates of activity

durations without considering the probability of occurrence. Fortunately, the company prepared a schedule

containing 64 activities the total activity duration is about four years, and it can generally be divided into

four main parts

- Implementation of the EPC jacket, which is a pre-fabricated product that is manufactured in Europe

and then transported to the project site in the Persian Gulf for installation.

- Implementation of the upper part of the EPC, which is a pre-fabricated

product that is produced in East Asia and then transported to the project site in the Persian Gulf.

- Subsea umbilical, risers&amp;nbsp;&amp;nbsp;and flow lines (SURF) systems

- Drilling and wells

On the other hand, the prepared plan has some deficiencies in the area of network logic and the use

of necessary constraints. We tried to overcome these deficiencies by collaborating with the company’s

project planner and by holding meetings with the risk analysis consultant, but eventually, an idea came to

our mind: the defects of the plan (necessary constraints and suspicious logic of the network) are

unavoidable due to the special conditions of the project. The list of the identified faults and the reasons for

them are presented in Appendix 6. Thus, it can be argued that it is sometimes not possible to have an ideal

schedule, like the one we saw in the previous section, as one of the criticisms of the integrated method.

This is similar to the document previously used for Method 1. After identifying the risks, we evaluate each

one to see whether it covers the main uncertainties. Four studies are considered and the three main elements

of each study are evaluated and compared with the identified risks. The evaluation table is presented in

Appendix 8. This step helps us include in our analysis the areas of risk identified by previous studies in

the oil and gas industry.

This includes cost estimates for all project activities. The cost elements are exactly the same as the

schedule elements in Method 1. These data were prepared with the collaboration of NIDC specialists.

In an integrated approach to determine both time-dependent and time-independent resources and their

baseline costs. According to Appendix 8, to meet this requirement, we consider three groups of resources

for each activity. 1- human resources; 2- materials; 3- other time-dependent elements. Groups 1 and 3 are

assumed to be time-dependent, and materials are assumed to be time-independent. Then, we collect the

baseline cost of each group of cost elements.

Cost risks should be identified and assigned to both time-dependent and time-independent sources.

In this regard, the cost-risk data are collected through two tables. Parts 1-4 (from Appendix 9) includes

the risks associated with both types of resources for each activity, their probability of occurrence, and

their impact on resource costs based on the three-point estimate. Part 5 (from Appendix 9) includes

the uncertainty related to the time-dependent compensation rates based on the three-point percentage.

Thus, Table 2 presents the time-dependent sources through the uncertainties of the compensation rates

and the uncertainties of the burn rates..

There is a correlation between cost and time risk, and this correlation is considered in this step, where

an integrated analysis of cost and time risk is done. Due to a lack of access to technical personnel, we had

to use the idea of management-level employees about the degree of correlation and consider three

predefined values for the simplification of correlations: low (30%), medium (50%), and high (80%).
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first group (uncertainty) is assigned as the uncertainty of the
activity durations, and the rest are considered quantitative risks
and assigned to activities. Regarding the correlation between
non-deterministic elements, except for the correlation between
borderline elements (similar to Method 2), correlations between
cost risk and time risk are also taken into consideration. This
additional consideration is due to the integration of schedule risk
with the CRA. Therefore, both types of correlations are covered
when the integrated approach is used: the correlation between
the cost risks separately, the correlation between schedule risks
separately, and the correlation between the cost and schedule
elements.

Similar to what was mentioned in the risk driver method
to describe the uncertain impact of each risk on the cost and
duration of activities, the triangular distribution is also used
here, and LHS sampling is used in simulations. By executing
simulations for 5000 elements, the CDF, PDF, and scatter
diagram are extracted for the cost and activity duration of the
target project. It is noteworthy that the results of the integrated
method for activity duration are similar to the results obtained
in Method 2, presented in Figure 8, since both the activity
duration and the risks are considered on a similar schedule.
Therefore, only its results on the project cost are analyzed in the
following:

Challenges and Defects

As explained previously, schedules usually develop at a
lower level than risk and cost data. This causes problems in
building a schedule under the pressure of resources. We face
a similar challenge in deciding about the number of resources
and levels of work breakdown structure (WBS) to be assigned to
them. On the one hand, the mere selection of WBS for the alloca-
tion of resources leads to the neglect of the impact of schedule
risks associated with time-dependent resources in lower-level
activities. On the other hand, the definition and allocation of
precise and specific resources to each activity (cost elements are
similar to the schedule activities) make the processes of data col-
lection and analysis more difficult. To overcome this challenge,
we have defined specific resources for each work package to be
assigned to the activities within that work package. Therefore,
resources are defined neither briefly nor at a detailed level, and a
strategy has been adopted among the options mentioned above.
Considering the fact that the integrated risk model of PRLS is
a kind of MC-based model, the correlation coefficients consid-
ered in this case have been obtained with a very approximate
estimation and are not completely accurate.

C.1. Analysis of the CRA results

Figure 10 shows the PDF and CDF of the target project’s cost
using the integrated risk driver method of PRLS (Method 3).
Figure 11 also makes a comparison between the CDFs of the
total cost of the project obtained by this method (green line),
Method 1 (red line), and Method 2 (yellow line). Figure 11
shows that the application of the integrated approach, on the
one hand, extends the CDF chart of the final cost of the project
and thus increases uncertainty in the final result. On the other
hand, it estimates the project cost at the P50 and P80 levels
of confidence and, as a deterrent, increases the required cost
probability value. The difference between Method 3 and Method
2 lies only in their background attitudes toward involving the
impact of schedule risks in the CRA. In Method 3, a relationship
is directly modeled between cost and schedule by using the

Fig. 10. PDF and CDF associated with the CRA of the target
project (Method 3).

Fig. 11. CDFs of the target project’s cost based on the CRA of
methods 1, 2 and 3

schedule under the pressure of resources, whereas in Method 2,
this relationship is estimated quite approximately by adding
a specific risk to the cost (the schedule impact). Therefore, it
seems that the estimated impact of schedule on the cost is not
exact in the risk driver method (as applied in Methods 1 and
2), and, consequently, the results are not as reliable as those in
Model 3. For example, the probability of occurrence required at
the 50% confidence level in Method 3 is equal to:

P50 value- the final cost = 3,696,158,175

This value is much higher than that obtained in the current
approach of the target company in Method 1. This result shows
that independent risk analysis is one of the reasons for unpre-
dictability and lower actual estimates of cost and schedule in the
projects. Table 5 summarizes the results of Figures 3, 6, and 10
and highlights the impact of the use of the integrated cost-time
risk analysis on the estimated costs of the project in compari-
son with the independent cost risk analysis. These impacts are
shown as the percentage of changes in the final results in ratio
to the results obtained from Methods 1 and 2.

Table 5 shows that PRLS actions increase the expected prob-
ability of occurrence at the P-50 level by 52% and 34%, respec-
tively, in comparison with methods 1 and 2. This comparison
shows that Method 1, which is the current approach of the target
company in which not only the correlation between line ele-
ments is ignored, but also the schedule risks are not considered
in the CRA, may face considerable costs.

Another benefit of the integrated risk analysis over the risk
driver method is that the former provides a more comprehensive
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Table 5. Impact of the integrated cost- schedule analysis on
CRA Results

Comparing to Std.Deviation P50 P80
Contingency

at P50

Method1 +36 % +6.2 % +7.3% +52%

Method2 +29% +4.5% +5.4% +34%

Fig. 12. Tornado diagram of the risks of the target project
(Method 3).

criterion for differentiating and prioritizing the risks. Figure 12
shows the results of performing sensitivity analysis through the
PRLS on the cost of the Eavar project. Different points can be
obtained from the results discussed below.

First, the "schedule impact" is identified as the most signifi-
cant cost risk of the project in the sensitivity analysis performed
using Method 1. As mentioned previously, this risk shows an
estimate of the accumulated impact of all schedule risks and
uncertainties on project costs. Although this highlights the im-
pact of the schedule risks and uncertainties on project costs, it
does not determine which of them is more serious and more
important. Figure 12 shows this distinction, indicating that the
"activity duration uncertainty" that results from the schedule
will be the most significant cost risk of the project. Accordingly,
the fifth schedule risk is "activity duration progress". Second,
Figure 12 shows that although the "schedule impact" has been
divided into different elements showing all the schedule risks
and uncertainties, again one of these components, that is, "activ-
ity duration- uncertainty" will have the first place in sensitivity
analysis. This issue shows the potential impact of schedule on
the project cost. In addition, as the results show, the first and
third positions of the uncertainty in the input data belong to the
activities of activity duration and cost estimation, respectively.
This finding also shows the importance of achieving accurate
input data. As described for estimating the cost of undersea
structures, data that are based on estimation usually attract the
most attention and the most concern, and the results of Figure
12 confirm this.

C.2. Analysis of the Scatter diagram

The following results are presented and evaluated for both
project cost and project time: The scatter diagram is the unique
output of the integrated cost-schedule risk analysis. We first
analyze the correlation between the cost and time of the target

Fig. 13. The impact of schedule on the density of the scatter
diagram

project and then evaluate the achievement of the joint confidence
level (JCL) in the target project.

Correlation between the cost and time of the project

By analyzing 5,000 replicates, we obtained Figure 13 with
5,000 points, each one representing the completion point of the
project and the cost associated with it during a replication pro-
cess, which is calculated during an iteration process from within
the schedule under the pressure of resources. As shown in Fig-
ure 13, the scatter diagram can be divided into two distinct parts
based on the density of the points. This is due to the impact of
the probabilistic branching (Activity 43, Appendix 3) considered
in the design of the project schedule. This factor can significantly
affect the duration of the project (extension of the right-hand
side of the PDF of the project activity duration in Figure 5), but
this impact will not be similar to the project cost (roughly the
normal distribution of the project cost in Figure 3). Therefore,
Region 1, with a greater density of its points in Figure 13, rep-
resents the cost and probable activity duration of the project
without the impact of probabilistic branching on the schedule.
Accordingly, Region 2 with fewer points indicates the cost and
probable activity duration in those iterations, which probabilistic
branching has affected. The important point is that modeling
the probabilistic branching of the project cost is considered one
of the capabilities of integrated cost-schedule analysis. Figure
13 shows a positive correlation between the cost and time of
the target project, which is based on two different methods of
correlation measurement. The correlation is 33% and 35.5%, re-
spectively. To clearly determine this correlation, we formulated
the line related to linear regression by transferring the data of
project cost and activity duration from the PRA to Microsoft
Excel software. Figure 14 shows the results of this analysis.

As shown in the figure, we can find the relationship between
the cost risks and schedule risks by determining the slope of the
regression line, and consequently, the impact of the schedule is
diminished due to delays in the project. Now, considering the
high regression line, we can calculate the impact of a one-day
delay in the schedule on the project cost using the following
formula:

Badconsequenceso f one − daydelay = (7 ∗ 106) ∗ 1 = 7 ∗ 106 (1)

Obtaining the Joint Confidence Level (JCL)

We provide an analysis in the following to obtain the joint
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Fig. 14. Correlation between the cost and activity duration of
the target project

Fig. 15. Obtaining the estimated values of time and final cost

confidence level about the cost and time of the target project.
In Figure 15, the transverse lines are adjusted based on the es-
timates of the final cost and project time. The green points in
the lower part of its left side show some repetitions among 5000
repetitions in which both goals have been achieved, whereas
the red points show the loss of both goals. The figure shows
that simultaneous achievement of both definite goals is very
improbable (approximately 0%), and the goals are missed in 96%
of the cases. Figure 16 shows a situation in which the goals for
the project cost and time in the P50 have been set separately.
Although the cost and time values are determined with a proba-
bility of 50% here, there is a far lower probability of achieving
both goals simultaneously. Green points, as shown in Figure 16,
constitute 30% of the total points, indicating that the JCL, which
is the possibility of simultaneous achievement of both goals at
the P-50 level, will be 30%. This is consistent with the equations
presented in the study section:

F(x)F(y) < F(x, y) = Pr(x < x1, y < y1)F(x) (2)

F(x)F(y) < F(x, y) = Pr(x < x1, y < y1)F(y) (3)

Fig. 16. The borderline level of confidence for project cost and
time at the P-50 level.

Fig. 17. The JCL for cost and time at the P-50 level

The joint confidence level of cost and time is limited by the multi-
plication of their borderline confidence levels, but none of them
will be higher. The hypothetical lower limit is such that the cost
and schedule grow independently, and the upper limit is also
100% correlation. Accordingly, for the target project in Figure 16,
where the borderline confidence level for cost and time has been
set at 50%, the above equation is written as follows:

25% < JCL = 30% < 50% (4)

In the search for cost and time goals (borderline confidence
level) for the JCL of, say, 50%, the inverse process of what was
stated above is taken. Here, the intersection points of the lines
are locked so that 50% of the points will be in the quarter of
the south-west of the graph. Figure 17 shows the results of this
position for the target project.

As previously mentioned, Figure 17 shows that satisfying the
JCL of 50% requires determining a higher level of confidence for
each borderline confidence level of cost and time. In this situa-
tion, the cost and time goals are set to 78% and 58%, respectively,
so that a JCL of 50% can be achieved. In this situation, the cost
probability is calculated as follows:

Cost probability = P78 value − f inal cost = 5040415884 (5)

This cost probability is equal to 27.9% of the final cost of the
project, which is much lower in comparison with the 13.4 per-
cent calculated by the company’s current method (Method 1)
(it is almost doubled by Method 1). Therefore, the implemen-
tation of an integrated cost-schedule analysis may lead to the
identification of cost probabilities that may not be feasible for
companies. Figure 17 also shows the boundary line, which rep-
resents the other pairs of cost and time goals that will lead to
a JCL to 50%. In order to reduce the probability of occurrence
required in the JCL of 50%, we have to move down and to the
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Fig. 18. Hypothetical movement to the right and bottom of the
borderline.

right of the borderline. However, as we emphasized in the pre-
vious section, such a transfer along the JCL contour will not be
associated with the same probability since the part must have
a density of many points, which has a very low probability. In
other words, by knowing the current plan and quantifying the
risks, we may complete the project at a time-cost point along
the left-down to right-up extension, that is, a point where there
are the most points of the cost-time pair. However, this very
improbable movement is presented in the results of Figure 18.
In such a situation, to achieve a JCL of 50%, the borderline con-
fidence level for the project cost must be set at least at the P50
level, which leads to a prolongation of the projects’ activity du-
ration till 224 days (1800 days in Figure 18, minus 1576 days in
Figure 17). Based on the calculated loss for each delayed day,
this movement along the borderline will have an approximate
cost equal to the following:

Loss = 106 ∗ 224 ∗ 7 = 1560000000 (6)

Again, it is noteworthy that this move towards the extreme left
and bottom of the borderline is very improbable.

Cost Results

Implementation of the integrated cost-schedule risk analysis
has dramatically extended the CDF chart of the final cost of the
project, thereby increasing uncertainty in the final outcome (36%
and 29% growth in the calculated standard deviation for Method
1 and Method 2, respectively). In addition, the estimated cost of
the project has increased at all levels of confidence, leading to an
increased probability of occurrence of the calculated cost (52%
and 34% growth in the pre-calculated probability for Method
1 and Method 2, respectively). Therefore, it is probable that
the current method for the company will lead to a waste of
time and cost in the project by estimating a lower degree of
probability. The results also confirm the assumption that the
typical independent risk analysis is a hidden cause of the waste
of time and cost in the project. The results of sensitivity analysis,
like those obtained from previous methods, have emphasized
the importance of schedule but suggested a better prioritization
by breaking down the "schedule impact" into its components. It
has been shown that "uncertainty of activity duration" caused
by activity duration will have the greatest impact on the project
cost. The following results were obtained from the analysis of
the scatter diagram, which is the unique outcome of Method 3:

• The time and cost of the project have a correlation of 35%.

• Each day of delay will impose a cost of approximately 70
billion Rials on the project.

In order to achieve a JCL of 50%, we must consider the borderline
confidence level at 78%, which would lead to a cost probabil-
ity twice as high as that of Method 1 In following, in Table 6,
a comparison of the results of the proposed approach with a
deterministic approach (no uncertainty and no risk considera-
tions) is given. The results show that a reduction in the final cost
of the project and a reduction in the duration of the project as
expected. This due to the fact that by removing uncertainty and
risk considerations, many limitations of the problem will be re-
duced and will lead to a reduction in the final cost of the project
and a reduction in the duration of the project. The proposed
approach can provide more accurate results against the changes
and uncertainties in the data and environment. Also, the pro-
posed approach pays attention to risk considerations such as
limitations, unknown external factors and other possible factors
in calculations and decisions. These risk considerations can help
improve confidence in the results and reduce the chance of larger
errors compared to a deterministic approach.

5. CONCLUSION AND SUGGESTIONS

We dealt in this research with an estimate of the cost of project
completion for oil and gas projects, considering the risks using
Monte Carlo simulation methods. For this purpose, we first
analyzed the typical methods of cost and schedule risk analysis
with a focus on probabilistic estimation using the Monte Carlo
simulation model. Subsequently, we proposed a modern ap-
proach with the capability of being used in oil and gas projects.
Using the PRA software, we implemented the modern methods
of cost and schedule risk analysis for an oil project at the Na-
tional Iranian Drilling Company with the help of the Consulting
Engineers Company and compared their results based on the es-
timation of incidental costs and the recognition of high-severity
risks. Next, we performed a sensitivity analysis on the activity
level in order to improve the SRA approach in the target com-
pany and identified the most significant activities in the project
plan through a series of measurements. Finally, we presented a
theoretically reasonable model to improve probability estima-
tion in the project, which can be used for major projects in the
oil and gas industry at the end of the development phase. We
also performed a numerical analysis considering the schedule
and cost risks in an integrated way, which led to good results
and analyses taking into account the correlation of risks. The
research shows that the impact of resource pressure in the risk
driver analysis method helps increase the project’s probability
estimation in terms of time and cost, and the direct impact of
both cost risk and schedule risk in the integrated risk driver
method ensures that the level of correlation is estimated accu-
rately. As a future research work, providing a practical approach
to a better estimation of correlation can be beneficial. This can
enhance the reliability of the results obtained from independent
driver-based models as well as the integrated risk driver model
of PRLS. Besides, providing a practical solution for separating
systemic and project-specific risks from one another by avoiding
iterations of the latter’s impact can also be suggested for fu-
ture research. This can enhance the practicality of the proposed
integrated model.
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Table 6. a comparison of the results of the proposed approach with a deterministic approach.

With a deterministic approach With the proposed approach

The final cost of the project

the duration of the project

16,772,568,348

1,357

18,056,234,000

1,494
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Appendix 1 –Baseline Cost
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Appendix 2 - Cost Risks (Part 1)

Appendix 2 - Cost Risks (Part 2)
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Appendix 3- Schedule
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Appendix 4. Schedule risks
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Appendix 5 - Schedule Impacts on Cost Risks

Appendix 6. Problems with schedule

Appendix 7 - Schedule Risk Assessment
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Appendix 8 - Resources section
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Appendix 9 - Uncertainty compensation rate (Part 1)
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Appendix 9 - Uncertainty compensation rate (Part 2)
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Appendix 9 - Uncertainty compensation rate (Part 3)
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Appendix 9 - Uncertainty compensation rate (Part 4)
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Appendix 9 - Uncertainty compensation rate (Part 5)

Appendix 10 - Assessment of cost risks
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Appendix 11 - Correlation between time and cost risks
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