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Abstract

Production optimization serves as a critical bridge in resource
economics, transforming empirical data into actionable management
strategies. This study estimates the optimal crude oil production
trajectory for the Ahvaz oilfield by integrating natural gas injection
from South Pars Phase 13, explicitly accounting for the opportunity cost
of injected gas within the objective function. Employing the Particle
Swarm Optimization (PSO) algorithm—a meta-heuristic optimization
technigue—we model a twenty-year production horizon that
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incorporates the technical and physical characteristics of the Asmari
and Bangestan reservoirs through the Maximum Efficient Rate (MER)
framework. To capture market uncertainties, we evaluate three price
scenarios (low, reference, and high) and two discount rates (5% and
10%). The PSO parameters are calibrated as follows: inertia weight
w = 0/7, cognitive and social coefficients ¢; = 1/5and ¢, = 1/5,
with stochastic components p;and p,uniformly distributed between
zero and one.

Our results demonstrate that concurrent implementation of Enhanced
Oil Recovery (EOR) through gas injection and Improved Oil Recovery
(IOR) via well optimization and reservoir pressure management yields
substantial gains. The integrated approach adds over 7/5 billion barrels
to recoverable reserves while enabling recovery of 3/5 billion cubic feet
of injected gas. Cumulative field production increases from 12/8 to over
15/3 billion barrels—a 19/5% improvement. At a 5% discount rate, the
Net Present Value (NPV) reaches approximately $27 billion. Based on
cumulative production and economic profitability metrics, this study
identifies the optimal production scenario for sustainable development
of the Ahvaz oilfield.

Introduction

Global energy consumption patterns reveal unprecedented growth in
natural gas utilization. Multiple factors drive this transformation:
economic advantages over crude oil, lower environmental impacts, and
energy security imperatives. Both developed and developing countries
are substituting natural gas for oil in their energy portfolios. Producer
nations must balance current revenues with intergenerational equity
while maximizing hydrocarbon recovery. This study addresses the
optimal allocation of natural gas from South Pars Phase 13 to enhance
oil recovery from the Ahvaz oilfield.

Methods and Materials

We maximize the present value of total profits from gas production and
crude oil recovery using an integrated revenue-cost framework. QOil
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producers operate as price-takers; prices are estimated under three
global crude oil price scenarios. The cost function incorporates
production rate, gas injection rate, and remaining recoverable reserves.
The objective function is maximized subject to technical and economic
constraints, including the Maximum Efficient Rate (MER). The model
is formulated as a dynamic optimization problem solved via the Particle
Swarm Optimization (PSO) algorithm

Results and Discussion

Optimal production pathways for the Ahvaz oilfield are estimated over
the period from 2015 to 2035, following the Revised Master
Development Plan. Without timely gas injection, annual production
decline rates of two to five percent lead to cumulative unrecovered oil
ranging from 44/7 to 111/8 million barrels, which at an average oil price
of fifty dollars per barrel represents lost revenue between 2/23 and 5/59
billion dollars. In contrast, the concurrent implementation of Enhanced
Oil Recovery through gas injection and Improved Oil Recovery through
well optimization and reservoir pressure management adds more than
7/5 billion barrels to recoverable reserves while enabling the recovery
of 3/5 billion cubic feet of injected gas. Consequently, cumulative field
production increases from 12/8 to over 15/3 billion barrels, representing
a 19/5 percent improvement. Based on a discounted cost-benefit
analysis at a five percent discount rate, the Net Present Value of the gas
injection project reaches approximately 27 billion dollars, identifying
this scenario as the optimal production strategy for sustainable
development of the Ahvaz oilfield.

Conclusion

Rising gas consumption and delayed South Pars development have
created a critical imbalance between supply and demand. Optimal
allocation of natural gas to injection into the Ahvaz oilfield is a matter
of national security and economic significance. Neglecting proper
prioritization risks damaging Iran’s reputation in global markets and
harming domestic oil reservoirs. This study demonstrates that gas
injection for EOR vyields substantial economic gains while ensuring
prudent reservoir management. Iran will face gas supply constraints
unless optimal allocation strategies are implemented immediately.
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