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Simulations of the Crude Oil Tank Refurbishment Project 
Risks Using Monte Carlo 

ABST�CT: Simulation technology has assisted project stakeholders in predicting a range of project results in the future under 
risks and uncertainties. �e objectives of this article are to improve comprehensive project planning in the perspective of the 
project schedule by conducting simulations for the refurbishment of crude oil tank project risks using Monte Carlo simulations. 
�e practical approaches for simulating the risks encompassed 3 stages: risk identi�cation, assessment, and risk analysis using 
the Monte Carlo simulations. �e implementation of Monte Carlo simulation in the form of a stochastic approach however was 
not new, but the application of these approaches in the area of oil industrial projects was challenging. A Free Water Knock-Out 
(FWKO) tank project located in Duri, Indonesia was taken as a case study. �e initial FWKO project duration was set up to be 
180 working days, and it was delayed (up to 140% from the initial duration of the project planning). �is study conducted deep 
questioner surveys from 25 oil industry stakeholders. It was identi�ed 29 risk factors have been considered as the major causes 
of the project delay. �e risk factors were then calculated qualitatively for performing risk indexes.  Based on the risk                
simulations (a�er 1000 iterations) using Monte Carlo simulations utilizing @risk application package (under uncertainties) 
there was found that the possibility of this project would experience delays at the range of 47 days (126%) to 80 days (144%) 
from the initial project planning. �is simulation had also identi�ed the most sensitive activities causing project delays. �e 
results were presented in the form of the spider graph diagram which assisted the project stakeholders in developing a strategic 
decision during the project planning phase.  

Key words: delay; Monte Carlo simulation; refurbishment; risk analyses; oil tank.  

1. INTRODUCTION 

Over the years, various risk factors of project delays in 
the construction industry have been reviewed from many 
articles such as [1-7].   

Limited articles have simulated the risk assessment for 
the crude oil tank refurbishment projects in the light of     
qualitative and stochastic approaches using risk analyses 
application packages [8]. Hence, it is a challenge to identify, 
assess and simulate risks of delays in the oil tank                  
refurbishment projects based on the stochastic methods for 
be�er understanding managing of risks in the area of the oil 
industry around the world. �e simulation of stochastic 
models was developed for estimating and predicting a range 
of output values under certain operational conditions suited 
to industrial purposes under uncertainty [7, 9]. 

�ese article objectives were to; (i) identify risk factors 
causing project delay, (ii) establish a list of risk indexes, and 
(iii) simulate the risks using Monte Carlo simulations as well 
as the sensitivity risks.  

�e refurbishment of the existing crude oil tank project 
or Free Water Knock out (FWKO) project in Duri oil      
gathering station, Sumatra Island, Indonesia was taken as a 
case study in this article. �ere were more than 50 similar 
crude oil tanks in needed to be repaired and replaced shortly 
in Indonesia [10]. �is article is expected may assist the   

project owner and constructors in developing a strategic 
decision (during the project planning phase) for analyses of 
risks in similar FWKO projects in the future. 

�is study performed risk analyses procedures as     
follows; (i) risk identi�cation for establishing a risks list, (ii) 
risk assessment for quantifying risks, and (iii) risk analyses 
(Figure 1) [11, 12]. 

�e risk identi�cation was performed by distributing a 
list of questioners to the FWKO stakeholders. �e lists of 
questionnaires were then analyzed utilizing Likert scales for 
measuring the probability magnitude of; (i) the risk         
frequencies, and (ii) risk impacts [13]. �e frequency 
doesn't need to be directly proportional to the impact, for 
example, the impact of lack of work safety procedures during 
construction was relatively high, but the frequency to occur 
was relatively so-so.   �e risk frequency and impact scales 
were also summarized in Table 1.  
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Table 1. Risk Frequency and Impact 

�en, risk assessments were performed to classify risk 
according to their index. �e risk index was classi�ed into 
three simple main categories [7, 11] as follow: 
 �e low-risk category was calculated as a very low to 

low relative risk importance index. �e low risk is   
considered insigni�cant to cause project delay. �is is 
because the frequency of the risk occurrences was 
relatively low and so does the impact. 

 �e medium-risk category is considered as either its 
frequency or impact is relatively moderate or high. It is 
considered to take any necessary plans for controlling 
the risks (as long as there are adequate resources     
provided for mitigating the risks); and 

 �e high-risk category is calculated as the frequency of 
the risk occurrence and the impacts are relatively high 
or very high. It is recommended to perform risk       
mitigation procedures for minimizing the potential 
risk occurrences [11].    

 A sensitivity risk analysis was also performed to       
describe uncertainties in the output model which were 
affected by the different uncertainties in the input model in 
the form of a spider graph. �e sensitivity analyses are       
commonly performed for estimating a range of probable 
project schedules or revenue generations, and other          
feasibility study parameters [14, 15].  

 

 �e application of @risk is an add-in to Microso� 
Excel was utilized for simulating this case study. �is         
application could simulate and analyze risk using Monte 
Carlo simulation which presents graphically all possible    
outcomes of the designated results (for example project 
durations, and costs) [16, 17]. 

2.2.   Why Monte Carlo Simulations 
Monte Carlo simulations are one of the risk analysis 

methods relying on repeated random sampling using        
statistical analysis to yield probable results [18].   A Monte 
Carlo simulation is also well known as “what-if                    
analysis” [19-21].  

 �e advantages of using Monte Caro simulations     
compared to the deterministic model were that the input 
variables for the models depend on the variation of the      
external and internal conditions. �e probability risk         
analyses are also dynamic and able to yield different results 
for the different inputs model, once the model is simulated 
[20, 22]. 

 
 
 
 
 
 
 
 

Fig. 2. Case-based models [21]. 

Based on literature reviews the utilization of this Monte   
Carlo simulation has improved quantitative project analysis 
for developing decisions [16, 19–21]. 

2. METHODOLOGY 

�e methods applied in this study are following these 
3 steps ; (i) Establishing questionnaire surveys to identify a 
list of risk factors that may occur in this project, (ii) assessing 
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Fig. 1. �ree Stages of Risk Analyses Procedure  

Scale Value Frequency (A) Impact (B) 
1 0.00 Never occur Very low 
2 0.25 Rarely Low 
3 0.50 Frequent Moderate 
4 0.75 Very frequent High 

5 1.00 Absolutely occur Very high 
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for quantifying the risk frequency and its impact causing the 
project delays by conducting qualitative risk analyses        
procedures, and (iii) performing a sensitivity risk analysis 
(Figure 1). 

2.1.   Conducting Survey  
In order to identify a list of risk factors, this study    

conducted a �eld questionnaire survey from several project 
stakeholders [23]. �is study conducted 1st questionnaire 
survey by interviewing 25 respondents consisting of 1       
respondent from the project owner, 12 respondents from the 
supervisory consultant, and 12 respondents from the project 
contractor. �is research applied Disproportional Strati�ed 
Random Sampling (DSRS). �e Disproportional Strati�ed 
Random Sampling divided the population into strata and 
selected a simple random sample from each stratum. �e 
sample represents the characteristics of the total population 
[18].  

2.2.  Performing Risk Assessment  
A Qualitative Risk Assessment was performed by       

conducting a questionnaire survey. �e questioners were 
designed to quantify risk frequency and its impact causing 
project delays (by conducting the 2nd Questioner Survey), 
and the collected data were analyzed using qualitative     
analyses [24, 25]. �is 2nd questionnaire survey was also 
conducted to validate a list of risk factors based on a Lickert 
scale using 1 to 5 scales [13].  

2.3.   Performing Risk Analyses  
Risk analyses were performed by simulating the        

existing input data using “what it is scenario”. �e risk      

simulation results were presented in the form of Probability 
Distribution Function (PDF) and Cumulative of                
Distribution Function (CDF) graphs. �e results would be 
conducted a�er running 1000 times iterations.  

 In this article, a spider graph diagram was used to    
illustrate the sensitivity of the project delay over the project 
activities. �e �nal results were drawn in the form of        
probability distributions graphs using Monte Carlo           
simulation utilizing @risk so�ware package [16], [17].   

2.4.   Refurbishment of Oil Tank Projects 
A refurbishment of the oil tank project is de�ned as a 

partial or an overall replacement activity package related to 
the tank structures and facilities [8].  

 �e refurbishment project may encompass various 
activities, with a high degree of complexity, and uncertainty 
including integrative demolition of the existing tank, and 
construction of the new one within a small and narrow    
working area [10, 26]. 

 It was reported that the existing tanks within the Duri 
oil �eld were operated for more than 40 years and are in 
urgent need to be repaired as there has been corrosion and 
thinning undergone inside and outside the tank plates. In 
this case study, the tank’s diameter dimension was 22 m in 
height was 9.6 m with a tank capacity of 21.9 thousand     
barrels of crude oil (Figure 3 (b, c)).  

         Again the results of this case study may be a       
reference for the oil industry stakeholders in managing the 
risk of delay in this tank oil refurbishment project in the near 
future.  �e location of the FWKO project and the condition 
of the existing tank were presented in Figure 3 (a).  
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Fig. 3. (a) project location, (b) crude oil tank refurbishment in progress, (c) crude oil �nal construction 

(a) (c) 

(b) 
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3. RESULTS AND DISCUSSIONS 

3.1.  Free Water Knock out (FWKO) Refurbishment 
Project 
�e refurbishment FWKO activities in Duri consisted 

of at least 4 main packages encompass; (i) tank cleaning 
activities, (ii) dismantling of ring wall and tank bo�om plat, 
(iii) installation of tank bo�om plate and shell, and (iv)   
installation of the center column and tank roof. �e total 
number of FWKO sub-activities (level 3) may include 54 
activities.  

3.2.  Stage 1. Risks identi�cation and Brainstorming of 
the Project Schedule 
It was identi�ed, 16 main activities existed in the critical 

path of the FWKO project. 
�e initial schedule for accomplishing this project was 

designated for 180 days. During the construction phase, it 
was calculated that the actual duration became 437 days 
(delayed for 257 days or almost 250% from the initial project 
duration) In this paper, the terminology of working days, 
later on, will be de�ned as “days” only. 

Based on the literature review, it was identi�ed that 
there were approximately 30 to 49 risk factors inherent in 
the type of oil project  [6, 7, 27]. 

�is study conducted deep questioner surveys to the oil 
stakeholders in the restricted oil industry areas for             
identi�cation of a range of risk input for conducting risk 
analyses using the Monte Carlo simulations [19, 26].   

To obtain a list of risk factors, the identi�ed risk        
frequencies and risk impacts were then multiplied. �e     
results of the multiplication of risk frequencies and           
impacts = risk index. �e risk index can be seen in Table 3 
and Figure 7. �e risk analysis was then listed based on the 
Risk Index [11, 12]. �is index is presented as follow:  

R = I x P 

Where: R = Risk index,I  = Risk probability (frequency),        
P = Risk impact. 

�e 2nd questionnaire survey data were analyzed using 
the SPSS application package to perform the validation test. 
Based on the phase II questionnaire survey data, then the 
multiplication between the frequency of risk events and the 
impact of the risks that occur for each single risk index for 
the delay was calculated and validated.  

�is article illustrated 9 the highest list of the risk     
indexes causing the delays (based on their total                   
correlations). �ese risk indexes encompass;  (i) poor      
coordination among the project parties (X8), (ii) Lack of 
experienced human resources (X15), (iii) Lack of              
supervisors quality (X16), (iv) inadequate work safety      
procedures during construction (X17), (v) Lack of            
construction equipment (X20), (vi) limited and narrow 
working area (X21), (vii) design changes during                 
construction (X24), (viii) the difficulty in obtaining daily 
work permits (X26), and (ix) A complicated                         
inter-dependencies critical path activities (X27). 

�e risks were then indexed into 3 simple levels 
(encompassing minimum, medium, and maximum). �e 
maximum risk index level was 0.568, with the minimum 

average value was 0.178, and the range value = 0.390.  
�e average distance of the value is 0.390/3=0.130 (as there 
was assumed that the risk index would be classi�ed into 3 
categories; low, medium, and high). �is low risk range   
value = 0.178 + 0.130= 0.308, medium = 0.308 + 0.130 = 
0.438, and high = 0.438 + 0.130 = 0.568 (Figure 4). 

Fig. 4. Level of Risk 

3.3.  Stage 3. Simulating Risks by Conducting Risk   
Analyses and Sensitivity Analyses 

In this article the risk simulations were implemented by   
conducting; (i) risks analyses, and (ii) sensitivity analyses. 
(i)  Risk Analyses (What it is Scenario) 

Risk analyses were performed using the distribution of 
the input values of the project risks which were obtained 
from the 2nd survey data. 

A Monte Carlo simulation using Pert Distribution was 
applied for calculating the duration of project activities (with 
a minimum duration of 165 days, most likely to be 180 days 
and a maximum of 437 days). 

For example, historically based on the initial project 
planning the duration for installation of water column      
activities was estimated 24 days (most likely duration), in 
practice, these activities were conducted in 38 days 
(maximum one) and the minimum duration for performing 
these activities would be 24 days x (100%- a base value of the 
minimum risk of 17.8%) = 20 days (Table 2). Based on 3rd 
surveys the delay was identi�ed as the cause of various risk 
factors such as; poor coordination among the project parties 
in the construction of water column (X8), lack of supervisor 
quality in managing the activities (X16), inadequate          
construction equipment within the project location (X20),    
narrow working area (X21).   

Table 2 shows that there were 3 main columns         
encompass, initial planning duration (days), a 3-point      
estimate before conducting risk mitigation procedures (in 
percentage), and a 3-point estimate before conducting risk 
mitigation procedures (days).   

A�er performing simulation for scenario 1 using       
Palisade Decision Tool @risk application package utilizing 
Table 2 data, with 1000 iterations, it was identi�ed that there 
was a 90% probability the total duration of the project would 
be accomplished in the range of 227 days to 260 days.  �ere 
was also an 80% probability the project could be                
accomplished in 250 days (Figure 5). However, the total 
maximum duration would be 437 days (Table 2). 
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No Activities Initial Plan 
(Duration) 

3-point estimate duration before           
conducting risk mitigation                       

procedures (%) 

3-point estimates duration before          
conducting risk mitigation p                    

rocedures (days) 

Minimum Most 
Likely Maximum Minimum Most 

Likely Maximum 

  4. Construction               

  Install Center Column and Ra�er 24 82.20% 100% 158.33% 20 24 38 

  Welding Bo�om to Annular (Partial) 6 82.20% 100% 183.33% 5 6 11 

  Remove & Install Rib Ra�er 4 82.20% 100% 775.00% 4 4 31 

  Install Ra�er 8 82.20% 100% 162.50% 7 8 13 

  Install Roof 19 82.20% 100% 147.37% 16 19 28 

  Fit-Up Roof 6 82.20% 100% 200.00% 5 6 12 

  Welding Roof 7 82.20% 100% 200.00% 6 7 14 

  Install Water Legs 7 82.20% 100% 442.86% 6 7 31 

  Install Water Leg Box 3 82.20% 100% 700.00% 3 3 21 

  Install Platform Water Legs 4 82.20% 100% 275.00% 4 4 11 

  Install SID and Accessories 4 82.20% 100% 500.00% 4 4 20 

   Install Sid 2 5 82.20% 100% 200.00% 5 5 10 

   Install Roof Platform 5 82.20% 100% 540.00% 5 5 27 

  Internal Tank 7 82.20% 100% 242.86% 6 7 17 

  Sand Blasting Coat Shell 7 82.20% 100% 171.43% 6 7 12 

  Prime Coat Shell 5 82.20% 100% 200.00% 5 5 10 

  Roof (Top Layer) 3 82.20% 100% 300.00% 3 3 9 

  Final Shell 4 82.20% 100% 250.00% 4 4 10 

  Remove Cover Sheet 2 82.20% 100% 200.00% 2 2 4 

  Touch Up Roof and Bo�om 3 82.20% 100% 166.67% 3 3 5 

  Touch Up SID and Accessories 3 82.20% 100% 166.67% 3 3 5 

  Close Door sheet 5 82.20% 100% 100.00% 5 5 5 

  Install Plate for Door Sheet 1 82.20% 100% 200.00% 1 1 2 

  Welding Door Sheet 2 82.20% 100% 150.00% 2 2 3 

  Inspection 2 82.20% 100% 100.00% 2 2 2 

  Punch list 5 82.20% 100% 160.00% 5 5 8 

  Hydro test Tank 7 82.20% 100% 142.86% 6 7 10 

  Hydro test Preparation 1 82.20% 100% 200.00% 1 1 2 

  Filling water and Se�lement (25%) 1 82.20% 100% 200.00% 1 1 2 

  Filling water and Se�lement (50%) 1 82.20% 100% 200.00% 1 1   
2 

  Filling water and Se�lement (100%) 1 82.20% 100% 200.00% 1 1 2 

  Holding time & release 2 82.20% 100% 100.00% 2 2 2 

  Install all exiting spools 2 82.20% 100% 1500,0% 2 2 30 

  Finishing Work 4 82.20% 100% 250.00% 4 4 10 

  Dismantle Scaffolding 3 82.20% 100% 166.67% 3 3 5 

  House Keeping 2 82.20% 100% 200.00% 2 2 4 

  
Delivery Existing Material to Junk Yard 2 82.20% 100% 200.00% 2 2 4 

  PSSR (Pre Safety Start-Up) 2 82.20% 100% 150.00% 2 2 3 

 Total duration 180       165 180 437 

Table 2. �ree estimated durations before conducting mitigation process 

J.Appl.Mat and Tech. 2021, 3(1), 22-29 
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�e initial project duration was 180 days. �ere was the 
possibility of this project would experience delays from 47 
days to 80 days (126%-144%). And there was a 0%            
probability for accomplishing the project duration (at 180 
days) under those identi�ed project risk and uncertainty 
conditions. Hence, based on these �ndings the project      
owner and managers may evaluate their schedule and       
working process for performing tank refurbishment projects 
in the future systematically achieving the project objectives.   

Table 3 shows that there were 3 different results for 
completing the project schedule. At the initial plan, there 
was estimated that the project would be accomplished in 
180 days using deterministic analyses without considering 
any risks inherent in the FWKO project. In fact, the project 
had been �nished in 473 days. Hence, it is necessary to      
calculate the project duration using simulations in order to 
yield a comprehensive result. Based on the implementation 
of Monte Carlo simulations running on @risk application 
package it was calculated that the project duration would be 
in the range of 227 days to 260 days.  
(ii)  Developing Sensitivity Risk Analyses 

Claudia Hermeling and Tim Mennel, 2008 highlighted 
the important roles of sensitivity analysis in the technical and 
economic perspectives [28]. A�er conducting a simulation 
utilizing table 2 data using @risk application, it was           
identi�ed 8 main activities contributing signi�cantly to the 
project delays such as; installation of the existing spools    
activity, installing water leg, installing roof platform, etc. 

(Figure 6). �e more sensitive the activity, the more its 
effect to change output results (causing project delay). For 
example, the change in the duration for installing all the   
existing spools activity at 35% may affect to increase the total 
project delay up to 10%, and the additional duration in    
removing and installing rib ra�er 25% will contribute to 9% 
of the total project delay.  

Fig. 6. Spider graph before conducting risk mitigation 

 �e list of sensitive activities in this article highlights 
the most sensitive activities that affect project delay. �e list 
of activities was as the following order; install all existing 
spools, remove & install rib ra�er, install water leg, install 
roof platform, install the center column and ra�er, install 
water leg box, install (safety in design) SID equipment,    
install the roof, and internal tank (Figure 6).  �us, it is    

Applied Materials and Technology 

Table 3. Head to head of estimated project durations in 3 conditions (initial plan schedule, actual schedule, and simulation 

Fig. 5. Probability Distribution Function Graph (PDF) and Cumulative of Distribution Function (CDF) Graph of the total 
duration activities Before Mitigation 

No Conditions Completion Duration Notes 
1 Initial plan 180 days Determined the estimated project duration 

without predicting and identi�cation of any 
risks inherent in the project. 

2 Actual 437 days Implementing the project without conducting 
any simulation of the probability of the project 
delay and risks. 

3 Simulation (90% probability) at the range of 227 days to 260 days Simulating the project duration using Monte 
Carlo and considering the uncertainty as well 
as project risks. 

J.Appl.Mat and Tech. 2021, 3(1), 22-29 
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important to pay a�ention to evaluating and mitigating these 
8 sensitive activities for controlling and reducing the risk 
impacts in the future.  

4. CONCLUSION 

Based on the Monte Carlo simulations, there was a 
90% probability total duration for completing the project 
was in the range of 124%-144% from the total initial project 
schedule. It stated that there was no chance for completing 
the project schedule within 180 days (the initial project 
planning).  Hence, it proves that implementing the project 
simulation using @risk application package using the Monte 
Carlo risk analyses yielded a range of estimated output     
values (of the project delay) under the uncertainties. �ese 
results become a basis of the project owner and managers 
prior to developing comprehensive strategic planning for the 
refurbishment of oil tanks in the future. 
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