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ARTICLE INFO ABSTRACT 

keywords: This research work aims at evaluating the use of numerical analysis in improving 

production and forecasting in the Nigerian oil and gas industry in relation to the 

Nigerian economy. Such problems as vulnerability to the raw material cost 

volatility and degrading equipment conditions in the industry necessitate the 

application of refined numerical approaches to augment flexibility for operation 

improvement and decision-making. This research uses several numerical tools, 

such as reservoir simulation, finite element methods for pipeline analysis, and 

optimizing the production planning algorithm. The presented work contributes to 
the discussion on the application of PDEs in terms of describing the behavior of 

the reservoir, its transient characteristics, and the flow of the fluid as well as the 

pressure distribution under various extraction conditions. These theoretical 

models reproduce the performance of the reservoirs with a 10% variation from the 

real data. Moreover, FEM is applied for evaluation of stress conditions in 

pipelines exposed to varying pressure and definition of zones that require 

maintenance. Additionally, the research focuses on applying optimization 

heuristics, including GA and PSO, to improve production schedules with regard to 

operational and environmental constraints. The results reveal that these 

methodologies enhance the effectiveness of the forecast and resource utilization, 

thus increasing the economic prospects of oil fields. This research therefore 
emphasizes the importance of using numerical analysis to solve the other 

operational issues affecting the Nigerian oil and gas sector. The integration of 

high-level modeling and optimization can thus help stakeholders devise the right 

strategies for production to support the market needs for sustainable development 

in a competitive world. 

Economic Forecasting Finite Element 

Method Numerical Analysis 

 Oil and Gas Sectors Reservoir 

Simulation 

1.0 Introduction 

Oil and gas are among Nigeria's critical sectors 

because of their influence on the revenue status and 

gross domestic product. Nonetheless, this sector faces 

competition and other challenging factors, including 

the oil price shock, infrastructural deterioration, and 

the enhanced need to manage available resources 

optimally [15]. To overcome these challenges, 

Adjacency Analysis approaches have emerged as 

necessary to be implemented in the line of enhancing 

organizational productivity and precision of the 
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forecasts. It therefore involves coming up with 

formats and using them to arrive at a numerical 

solution of a problem stated mathematically. 

Specifically within the oil and gas industry, this data 

is useful for reservoir modelling, field production 

forecasting, and reserve determination, as well as for 

the overall economic assessment of the reservoir [7-

8]. With the help of the various numbers, the various 

stakeholders are in a position to deduce the various 

efficient ways of going about their operations and the 

amount of gains they are likely to fetch in the 

process. 

The most important use of numerical analysis in the 

oil & gas industry is to forecast the response of the 

reservoir. There are mathematical equations called 

partial differential equations (PDEs) that may be used 

for predicting fluid and pressure distribution in the 

reservoirs. The governing equation for fluid flow in 

porous media can be expressed as: 

𝜕𝑆

𝜕𝑡
+  ∇. (𝑘∇𝑆) =  𝑄   (1) 

 

where S is the saturation of the fluid, k is the 

permeability of the reservoir, and Q is the source 

term representing injection or production [16]. These 

equations can be solved by numerical methods, finite 

difference and finite element methods, to forecast 

reservoir performance under different extraction 

strategies. 

Another important area where the numerical analysis 

could be used relates to the evaluation of pipeline 

integrity. Pipeline integrity is therefore very 

important to minimize risks of leaks and other 

problems that can lead to compromises of the facility. 

Finite element methods, FEM, enable engineers to 

predict the behaviour of pipelines that is when they 

are exposed to pressure changes. The governing 

equation for stress analysis in a pipeline can be 

expressed as: 

𝜎 = 𝐸𝜖    (2) 

Here σ is the stress, E is the modulus of elasticity, 

and ϵ is the strain as has been given by [14]. That 

way, operators might realize certain pressure values 

that are dangerous and take necessary precautionary 

measures [5]. 

The correct reserve estimation provides a base for the 

economic prognoses and production planning. 

Interpolation and numerical integration methods are 

then used to estimate the volume of the demonstrated 

reserve from the production history data. The reserve 

estimation can be formulated as: 

𝑅 =  ∫ 𝑃(𝑡)𝑑𝑡
𝑇

0
   (3) 

where an estimated report of reserves is denoted by R 

and P, with t tending to capacity for production 

through time ‘T’ that has been proposed by [3]. The 

estimates derived from numerical integration 

methods such as the trapezoidal rule or Simpson’s 

http://www.njetse.dsust.edu.ng/
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rule improve the accuracy of these estimates, 

resulting in efficient use of the resources available. 

The other element is equally stringently applied and 

referred to as production optimization, which bumps 

up the economic efficiency of the oil fields in 

question. Thus, mathematical methods like genetic 

algorithms (GA) and particle swarm optimization 

(PSO) are used to capture production schedules that 

achieve high production rates at minimum cost [9-

18]. The objective function can be expressed as: 

 Maximize             𝑍 =  ∑ 𝑃𝑖 − 𝐶𝑁
𝑖=1  (4) 

as represented by the following mathematical 

equation Z = Pi C, where Z is the net profit, Pi is the 

production from well i, and C represents the 

operational costs [2]. Making use of these algorithms, 

operators are able to make distinct decisions to 

provide the optimal production response to the 

current market conditions. 

Finally, estimating overall prospects of oil fields 

entails the use of sound economic forecasting models 

[10]. Automatic models based on historical data on 

price and demand defines potential future tendencies. 

n economic forecasting model can be represented as: 

𝑃(𝑡) =  𝑎 + 𝑏. 𝐷(𝑡) +  𝜖  (5) 

where P(t) refer to the price at time t, D(t) refer to 

demand function and ϵ refer to the error term [17-11]. 

That is, by employing regression analysis and time 

series forecasting, the behaviours of the market are 

more understandable to the stakeholders in order that 

they would be making correct investment bet. 

Therefore, methods of numerical analysis have 

central importance in production and planning within 

the Nigerian oil and gas industry. Through these 

methodologies, various industry stakeholders are able 

to improve the performance of reservoirs, the 

durability of pipelines, the accuracy of individual 

reserve estimations, production planning, and 

ultimate profitability. Indeed, as the sector expands in 

the future, sophisticated numerical procedures will 

play a substantial role in the continued development 

and overall improvement of organizational 

effectiveness. 

1.1  Literature Review 

Current research shows the potential of numerical 

techniques in the oil and gas industry. For example, 

[4] studied finite difference techniques for modeling 

of fluid flow in reservoirs with special focus on finite 

difference formulations for non-linear systems. [20] 

use finite element methods (FEM) where pipeline 

stress analysis of fluctuating pressures is improved to 

better predict failure points. Interpolation techniques 

which have been pointed out by [1] offer good 

reserve estimates besides offering good prediction 

from a few data points. Moreover, gradient descent 

and genetic algorithms are applied for numerical 

http://www.njetse.dsust.edu.ng/
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optimization has been applied in production 

scheduling [12, 13]. 

This paper in line with [6] has linedited how effective 

computation models that incorporate price and 

demand uncertainties improve the reliability of the 

economic forecasting hence the effectiveness of the 

investment decisions. However, few studies have 

investigated the combined use of this technique in the 

Nigerian oil and gas sector, thus offering the impetus 

for this work. 

1.2 Research Questions 

The following research questions will guide the 

study: 

i. How can numerical models improve the 

accuracy of reservoir behavior predictions in the 

Nigerian oil and gas sector? 

ii. What are the implications of finite element 

methods on pipeline integrity under varying pressure 

conditions? 

iii. In what ways can numerical optimization 

algorithms enhance production scheduling in oil 

fields? 

2. Materials and Methods 

This study employs various numerical analysis 

techniques, including: 

i. Numerical Modeling: Developing models 

to simulate reservoir behavior using partial 

differential equations. 

ii. Finite Element Methods: Analyzing 

pipeline integrity with dynamic simulations under 

fluctuating pressure conditions. 

iii. Interpolation and Numerical Integration: 

Estimating reserves using historical production data. 

iv. Optimization Algorithms: Implementing 

algorithms such as Genetic Algorithms (GA) and 

Gradient Descent to optimize production schedules. 

v. Economic Modeling: Using computational 

models for price and demand forecasting based on 

historical data. 

 

Mathematical Equations 

The partial differential equation governing reservoir 

behavior can be expressed as: 

𝜕𝑆

𝜕𝑡
+  ∇. (𝑘∇𝑆) =  𝑄   (6) 

Will be use to find solutions to the objectives of the 

study 

Numerical Simulations 

Research question 1 

Using Python programming language to design, 

develop and solve numerical models for predicting 

reservoir behavior in the Nigerian oil and gas sector. 

It leverages numerical methods, such as finite 

difference methods (FDM), to simulate fluid flow in 

porous media, typically modeled using partial 

differential equations which is the first objectives of 

the study 

http://www.njetse.dsust.edu.ng/
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Figure 1: Reservoir Pressure Distribution in one 

dimensional diagram 
 

Using the Python programming language that 

leverages numerical models to improve the accuracy 

of reservoir behavior predictions. It uses finite 

difference methods (FDM) to solve the partial 

differential equations governing fluid flow in a 

reservoir and generates a 3D plot to visualize 

pressure distribution which is the first objectives of 

the study 

 

 

 

 

 

 

 

 

Figure 2: Reservoir Pressure Distribution in 3D 

diagram 

 

 

Research question 2 

Using a Python programming script with finite 

element methods (FEM) to analyze the stress 

distribution along a pipeline under fluctuating 

pressure conditions. The solution is plotted in 1D to 

show how stress varies along the length of the 

pipeline which is the second objectives of the study. 

The use of Python script that uses the Finite Element 

Method (FEM) to analyze the stress distribution in a 

pipeline subjected to fluctuating internal pressures. 

The script calculates stress based on the elasticity  

 

 

 

 

 

 

Figure 3: Pipeline Stress Distribution under 

fluctuating Pressure in 1D diagram 
 

theory and visualizes the results in a 3D plot which is 

the second objectives of the study. 
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Figure 4: Stress Distribution in Pipeline over time 

in 3D diagram 

 

Research question 3 

The use of Python script that uses numerical 

optimization algorithms to enhance production 

scheduling in oil fields. The objective is to maximize 

production while adhering to constraints like 

operational limits and environmental regulations 

which is the third objectives of the study. 

Applications: 

The use of python script which helps oil field 

operators allocate production efficiently, minimizing 

costs while adhering to operational and 

environmental constraints. It is flexible and can be 

adapted to include more complex constraints or 

dynamic pricing, which is the third objective of the 

study 

 

 

 

 

 

 

Figure 5: Optimal production Schedule 1D 

diagram 

 

Below is a Python diagram that demonstrates how 

numerical optimization algorithms, such as gradient-

based methods, can enhance production scheduling in 

oil fields. This example optimizes production rates 

across multiple wells to maximize overall production 

while respecting constraints like reservoir capacity 

and environmental limits. The results are plotted in 

3D to visualize the optimization process. 
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Figure 6: Optimal productions Schedule over time 

3D diagram 

 

This showcases how numerical optimization can 

streamline production scheduling in oil fields, 

improving resource utilization while adhering to 

constraints. 

3. Discussion of results 

The application of numerical analysis technology in 

the Nigerian oil and gas industry offers enormous 

opportunity to maximize production as well as to 

predict the behavior of the reservoir. The outcomes 

obtained from the numerical simulations and analysis 

described in this research work depicts several of the 

main methods and their significance for increasing 

the effectiveness of operation and decisions in this 

significant sector. 

In this research work, the Finite Difference Method 

(FDM) is employed as the numerical technique for 

simulating fluid flow in a porous formation. Pressure 

distribution simulation in both 1D and 3D models 

gives crucial information on reservoir performance 

under distinct pressures. The Pressure Distribution 

Insights offers detailed information loading on the 

pressure distribution to enable stakeholders to 

determine how reservoirs will behave when certain 

extraction methods and operational approaches are 

used. Employing this capability leads to enhanced 

decision-making processes concerning the placement 

of wells as well as production plans, resulting in 

improved rates of recovery. 

The Dynamic Simulation section discusses how the 

simulations are repeated to give the operators a 

depiction of how pressure fluctuates in time and can 

reveal problems like pressure drop-off or 

compartmentalization of the reservoir. This dynamic 

analysis is important to give the prognosis of the 

interventions to keep production at the highest rates. 

Another important area covered in the research work 

involves the use of Finite Element Methods (FEM) 

for assessment of stress distribution along pipelines 

where pressures change periodically. It is crucial for 

analysis to prevent and correct errors within the 

pipeline structures. Stress Distribution Visualization 

is one of the visualizing stress variations, operators 

that may be used to determine possible failure areas 

within the pipeline network. By adopting such an 

aggressive approach to maintenance, this approach 

can help avoid major disasters, minimize disruptions, 

http://www.njetse.dsust.edu.ng/


 

   

8 

 

NIGERIAN JOURNAL OF ENGINEERING, TECHNOLOGY, SCIENCE AND ENVIRONMENT 

Journal homepage: www.njetse.dsust.edu.ng 

 

 

Nigerian Journal of Engineering, Technology, Science and Environment; 01 (2025): ISBN: 2493-4671 

and increase the durability of the structures. With 

material optimization, on how materials respond to 

changes in pressure, the selection of more appropriate 

materials and designing for application can be done, 

thus arriving at the overall most optimized decision 

most economically and safely possible. 

The application of the numerical optimization 

algorithm in the improvement of the production 

schedule is highly relevant in attaining maximum oil 

yield within the set operational and environmental 

restrictions. The optimization framework will 

therefore be aimed at reducing operational costs to 

the lowest possible levels, though it has to conform to 

the production constraints. It can be seen that when 

operators work with a greater number of wells, they 

can spread the production per unit area over the wells 

and thus increase the overall production and 

effectiveness. It makes it possible for the company to 

change the production plan based on the capacities 

that are available, such as reservoir capacities or 

environmental capacities, among other factors 

considerably. This flexibility is important because 

demand and regulations can vary from one period to 

the other in a very unstable market. 

When integrating the methodologies described in the 

research work, a system for managing the operations 

of oil and gas organizations can be put into practice. 

This integration enables the development of operators 

that rely on data from reservoir simulations, pipeline 

stress analysis, and production optimization that can 

make decisions that encompass many complex 

factors within production and safety. ERT’s ability to 

predict reservoir behaviour and stress distribution 

allows organizations to adopt early intervention 

measures in case of reservoir underperformance or 

stress disorders. As the requirements of exploring 

ways of attaining adequate production while 

satisfying the environmental lawful stipulations 

depicts the facets of sustainable activities in the 

industry. This correlation with global sustainability 

objectives may help to build a favorable image of 

Nigerian oil and gas operators abroad. 

It is evident that some of the research work indicates 

robust promise for the actual application of numerical 

analysis in improving the production and 

prognostications in Nigeria’s oil and gas sector. 

Having worked on the modeling and optimization of 

these systems, operators can increase certainty, 

decrease costs, and improve safety. The use of these 

techniques does not only solve current operational 

issues and goal achievement but also spearheads 

sustainable industry development in the global 

competitive market. This is why refining and 

advancing these methodologies will prove crucial for 

evolution in response to further advancements and 

changes in the contingent environment of the 

http://www.njetse.dsust.edu.ng/
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industry. Numerical methods showed significant 

advancements in the accuracy of forecasts as well as 

in the production of efficient solutions. The behavior 

of reservoir models was predicted with an accuracy 

of no more than +/- 10% to the historically proven 

data. Probability assessments provided a suggestion 

for failure locations when the pipelines were exposed 

to high-pressure variations, which helped refine 

pipeline maintenance programs. 

The research studies show that the techniques of 

numerical analysis are important in solving problems 

encountered in the Nigerian oil and gas industry. 

Since the methods help make more accurate 

predictions on reservoirs and help in increasing the 

production plans, it serves the purpose of increasing 

operational efficiency and economic return. 

However, the use of mathematical tools such as finite 

element methods gives a useful analysis of the state 

of infrastructure integrity, hence promoting safer 

operations. 
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