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1. Introduction

1.1 Background and Motivation

Marginal fields—often characterized by declining production, limited recoverable reserves, and aging infrastructure—are
increasingly vital in prolonging the life of mature basins and sustaining oil and gas supply ™ 2. As global exploration shifts
towards resource optimization, marginal assets are attracting renewed attention due to advances in recovery technologies and
economic imperatives to extract residual hydrocarbons B, Surveillance strategies, historically underutilized in these assets, are
becoming essential in improving recovery efficiencies and extending field life through informed decision-making * .

The primary challenge in marginal field development lies in the compounded effect of production decline and limited data
visibility. Reservoir complexity, poor historic data coverage, and mechanical wear across wells contribute to uncertainty in
planning and execution & 71, Traditional surveillance systems—if available—are often passive, lacking the real-time feedback
and analytical resolution needed for operational optimization. Consequently, performance variability increases and interventions
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are frequently reactive rather than proactive, leading to
suboptimal recovery and increased downtime [& 91,

Integrated surveillance, combining well and reservoir-level
data streams, offers a compelling solution. By unifying static
geological insights, dynamic reservoir behavior, and
wellbore performance metrics, operators can make timely
and targeted decisions [0 1 Such systems allow for
continuous monitoring, early detection of anomalies, and
coordinated responses across production, subsurface, and
surface teams. This integrated approach is not just about more
data—it is about structured insight, faster interpretation, and

ultimately higher recovery factors with lower operational risk
[12]

1.2 Problem Statement

A key limitation in current marginal field operations is the
absence of real-time and structured surveillance systems.
Wells are often monitored using periodic reports or surface
indicators, which are insufficient for early detection of
performance deviations such as water breakthrough, gas
coning, or mechanical failures. This deficiency is particularly
critical in fields with limited access to advanced monitoring
equipment or digital infrastructure, where decisions are made
on lagging or incomplete data.

Another layer of complexity stems from the fragmented
nature of existing data sources. Reservoir models, well logs,
surface production data, and intervention histories are
typically stored in siloed systems with little cross-
functionality. This fragmentation hinders the formation of a
holistic operational picture and reduces the value of
otherwise usable data. The result is a reactive operating
model, where intervention often occurs only after significant
performance degradation has already taken place.
Furthermore, most existing surveillance frameworks are
generic and not adequately tailored to the realities of marginal
fields. They often assume access to high-resolution data,
advanced instrumentation, and dedicated analytics teams—
all of which may be absent in lean marginal field operations.
There is an urgent need to conceptualize a fit-for-purpose
model that accounts for these constraints while still enabling
meaningful insights. Such a model must simplify complexity,
emphasize practical data flows, and support field-level
decision-making without relying on high-end digital
transformation initiatives.

1.3 Objectives and Contributions

This paper proposes a conceptual model that integrates well
and reservoir surveillance streams to support production
optimization in marginal fields. The model aims to bridge the
gap between data availability and actionable intelligence by
organizing input from multiple sources into a coherent
structure. It incorporates key metrics related to wellbore
performance, reservoir pressure behavior, and surface
production dynamics, forming a closed-loop system that
supports continuous monitoring and timely intervention.
One of the model’s central contributions is the definition of
performance indicators designed specifically for marginal
field environments. These indicators include both leading and
lagging metrics such as pressure transients, water cut
evolution, and equipment run-life. By embedding thresholds
and trend-based triggers, the model facilitates early warning
systems for production anomalies, ensuring that operators
can take proactive steps to sustain output. The model also
aligns these metrics with operational and economic
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objectives, ensuring that optimization efforts are both
technically sound and financially justified.

Finally, the paper sets the foundation for adaptive field
management by enabling surveillance-driven workflows.
This involves not only technical modeling but also process
alignment—ensuring that data collection, interpretation, and
decision-making are embedded into daily operations. The
model emphasizes modularity and scalability, making it
suitable for deployment in both simple and complex field
settings. In doing so, it contributes to the broader goal of
maximizing value from marginal assets while minimizing
operational overhead and environmental impact.

2. Theoretical and Operational Foundations

2.1 Reservoir Management Principles in Marginal Fields
Reservoir management in marginal fields requires a targeted
approach due to the limited remaining reserves and often
complex geological structures. One of the cornerstones is
effective pressure maintenance, achieved through techniques
such as water or gas injection, which helps prevent rapid
pressure depletion and supports consistent hydrocarbon flow
13 1M Sweep efficiency, another critical parameter,
determines how uniformly the injected fluid displaces the oil,
and it can be significantly influenced by reservoir
heterogeneity. Maximizing sweep coverage is essential to
avoid early water or gas breakthrough and to increase the
contact area with the oil-bearing zones 15 261,

Reservoir heterogeneity, including factors such as varying
permeability, facies distribution, and compartmentalization,
complicates flow dynamics and often results in bypassed oil
zones. In marginal fields, which typically lack detailed
geologic modeling due to cost constraints, these variations
pose operational challenges [7- 81, Addressing this requires
practical reservoir zoning and selective completion strategies
to target productive intervals while minimizing crossflow or
coning risks. These practices improve reservoir contact and
align fluid movement with recovery goals 1% 2],

Modeling production decline is integral to estimating future
output and defining the optimal depletion strategy. Analytical
and empirical decline curve analysis tools are used to track
performance over time and identify deviations from expected
trends Y. In marginal fields, understanding the nature of
decline—be it exponential, hyperbolic, or harmonic—helps
operators adjust lift strategies, plan workovers, and schedule
secondary recovery interventions. Ultimately, the goal is to
maximize recovery factor while minimizing lifting costs and
deferring abandonment decisions 22,

2.2 Well Performance Monitoring Fundamentals
Monitoring well performance hinges on continuous analysis
of flow-related parameters such as production rates,
bottomhole and tubing pressure, water cut, and gas-oil ratio.
These metrics collectively reveal the health and efficiency of
each well 2% 24, Fluctuations in flow rate and pressure may
signal reservoir depletion, mechanical issues, or changing
inflow conditions. In marginal fields, where each well has a
disproportionate impact on total field output, timely
identification of such anomalies is essential for intervention
planning (25 261,

Analytical techniques such as decline curve analysis and
inflow performance relationships are indispensable for
understanding well deliverability " 28, Decline curve
analysis helps quantify production loss trends and forecast
remaining life under current conditions. Inflow performance

452|Page


http://www.multidisciplinaryfrontiers.com/

Journal of Frontiers in Multidisciplinary Research

relationships, which link reservoir pressure to flow rate,
enable diagnosis of near-wellbore flow restrictions or
reservoir damage. These insights guide decisions on artificial
lift adjustments, stimulation programs, or recompletions, all
of which are crucial in marginal fields with minimal tolerance
for inefficiencies [2°-34,

Well integrity surveillance is another critical pillar, ensuring
mechanical systems continue to operate safely and
effectively. Regular monitoring of annular pressure, casing
integrity, and equipment runtime helps detect issues before
they escalate into failures B2 3% Early identification of
problems such as corrosion, tubing leaks, or scale deposition
can extend well life and reduce unscheduled downtime.
Establishing intervention triggers—based on thresholds in
performance data—facilitates structured responses and limits
production disruptions, thereby safeguarding the viability of
marginal operations 34 %,

2.3 Surveillance Philosophy and Data Hierarchy
Surveillance strategies can be broadly classified into passive
and active models. Passive surveillance typically involves
periodic data reviews and reactive responses to production
issues. While cost-effective, this approach often results in
delayed intervention and suboptimal field performance (36371,
Active surveillance, in contrast, emphasizes continuous data
acquisition, real-time interpretation, and proactive
intervention planning. Marginal fields benefit more from
active surveillance frameworks, which help overcome
resource constraints by ensuring every operational decision is
data-informed and timely (38 3],

The data ecosystem in surveillance encompasses static,
dynamic, and real-time categories. Static data refers to
baseline characteristics such as reservoir properties, well
architecture, and geological models [“* 4, Dynamic data
includes time-dependent parameters like production rates and
pressure trends, while real-time data encompasses sensor-
derived feeds from downhole gauges or surface facilities.
Integrating these data types provides a full-spectrum view of
reservoir behavior and wellbore performance, forming the
foundation for diagnostic and predictive analytics 12 431,
Hierarchical data integration is essential for effective
decision support. It involves structuring data across levels—
from well to reservoir to field—allowing for multi-scale
analysis. At the base level, individual well diagnostics inform
immediate operational decisions [+ 1. At higher levels,
aggregated reservoir and field-wide trends guide broader
strategies such as workover prioritization or field
redevelopment planning. This hierarchical approach ensures
that surveillance does not overwhelm operators with data, but
instead transforms complex inputs into structured insights
that support actionable field management [46-481,

3. Conceptual Model Framework

3.1 Model Architecture and Components

The conceptual surveillance model is designed around a
modular architecture that integrates key operational and
reservoir data to enable real-time diagnostic, analytic, and
decision-support capabilities [“% 5%, Its foundation consists of
three primary input streams: well-specific production and
pressure data, reservoir property information such as porosity
and permeability, and historical performance records that
provide context and baselines. These inputs are structured to
reflect both current operational conditions and long-term
field behavior, ensuring that the model remains grounded in
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empirical reality [51-53].

At the core of the model are three interdependent modules:
diagnostics, analytics, and visualization. The diagnostics
module evaluates raw data for anomalies and performance
trends, while the analytics engine interprets patterns using
statistical, deterministic, and heuristic methods ©* %1, The
visualization layer transforms output into accessible
formats—graphs,  dashboards, and alerts—enabling
engineers to understand complex system behaviors quickly.
This layered approach ensures not just data processing, but
actionable interpretation, which is critical for marginal fields
where decisions must be timely and resource-conscious [561,

An integral part of the architecture is its feedback
mechanism, which enables continuous adjustment of
surveillance parameters based on new data and intervention
outcomes. This closed-loop system allows for model
calibration and optimization as field conditions evolve,
ensuring the relevance and accuracy of insights over time 57
%8, For instance, if an intervention results in unexpected
pressure behavior, the model recalibrates diagnostic
assumptions, refining future predictions. This adaptability
supports dynamic field environments and sustains
operational relevance across varying production phases 5% 60,

3.2 Data Integration and Analytics Layer

Effective surveillance hinges on the integrity and coherence
of data inputs, which necessitates a centralized data
integration layer. This layer consolidates static and dynamic
data from disparate sources—well logs, SCADA systems,
historical databases—into a unified platform % 82 Data
cleansing protocols are applied to remove anomalies, correct
inconsistencies, and fill in gaps using interpolation or
machine-aided estimation techniques. Ensuring data
consistency across time and format is a prerequisite for
reliable analysis and model output [63-%1,

At the analytical level, the model deploys both statistical
inference engines and rule-based logic to process surveillance
data. Statistical tools are used to identify production trends,
deviation from historical baselines, and probabilistic
forecasts of failure or decline [ 671 Rule-based systems
apply domain-specific knowledge to trigger diagnostics—
such as identifying excessive water cut or unexpected
pressure drops—based on predefined thresholds. This hybrid
approach ensures both adaptability and operational
specificity in marginal fields (68701,

Deviation detection is achieved through threshold-based alert
mechanisms that compare real-time data against historical
norms or engineered expectations. These alerts are designed
to distinguish between normal operational fluctuations and
signs of reservoir distress or mechanical failure. For example,
a sharp increase in gas-oil ratio without a corresponding
pressure drop may indicate coning or completion issues [':
2 Early warning alerts enable operators to intervene
preemptively, reducing non-productive time and extending
well life. Together, these components form an intelligent
surveillance platform aligned with production optimization
goals 73731,

3.3 Optimization Logic and Decision Support

Central to the surveillance model is its optimization logic,
which prioritizes interventions based on potential production
gains, operational risks, and economic viability. This is
operationalized through a prioritization matrix that ranks
wells or zones using multi-criteria scoring—such as current
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deviation severity, remaining reservoir potential, and
operational accessibility '8 771, The matrix helps engineers
identify which wells warrant immediate attention and which
can be deferred or monitored, thereby optimizing resource
allocation in lean marginal operations [78-891,

The model also integrates directly with production planning
and asset health management systems. By aligning
surveillance outputs with forecast models, maintenance
schedules, and investment plans, it ensures cross-functional
visibility and synchronized action B 8, For example, if the
model predicts a well’s declining trend may jeopardize
meeting quarterly targets, planners can proactively reallocate
lift gas or adjust artificial lift strategies. This integration
improves the coherence between short-term troubleshooting
and long-term field strategy (8385,

Moreover, the surveillance model facilitates interdisciplinary
collaboration by presenting data and recommendations in
formats accessible to engineers, geoscientists, and financial
analysts alike. Shared dashboards and standardized reporting
frameworks ensure that reservoir engineers understand
operational constraints, while production teams are aware of
subsurface risks 5 871, This collaborative utility not only
enhances decision-making but also accelerates response
times, enabling marginal fields to operate with the agility
required to remain economically viable in competitive
environments [88-901,

4. Implementation Considerations

4.1 Data Acquisition and Instrumentation

Implementing a comprehensive surveillance model requires
a reliable and scalable data acquisition infrastructure. This
includes the deployment of pressure and temperature gauges,
flow meters, and multi-phase sensors capable of transmitting
real-time or near-real-time data to centralized systems. The
digital backbone supporting this instrumentation—
comprising data loggers, communication protocols, and
storage architecture—must be robust enough to ensure
continuous operation under marginal field conditions, where
remoteness and equipment aging are common 9% 92,
Retrofitting legacy wells poses unique challenges. Many
older completions lack the space or integrity to accommodate
downhole sensors without risking operational disruption.
Moreover, budget constraints in marginal field developments
often limit the feasibility of wide-scale digital upgrades.
Innovative solutions such as wireless gauge systems, fiber-
optic sensing, and surface-based inferential diagnostics can
offer lower-cost alternatives while minimizing invasive
operations. These technologies must be carefully selected to
suit specific well conditions and risk profiles #3941,

Equally important is the quality and frequency of data.
Surveillance value is contingent on timely and accurate
information; thus, sampling rates and transmission reliability
must align with the resolution required for effective
monitoring. For example, detecting rapid water breakthrough
demands higher data granularity than tracking gradual
pressure decline. Therefore, implementation planning must
involve balancing data resolution with system capacity, cost
implications, and decision-making requirements. A
harmonized data strategy underpins model efficacy and
credibility [°5 %I,

4.2 Organizational Readiness and Cross-Functional Roles
The successful deployment of a surveillance model
transcends technical installation—it demands organizational
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readiness and alignment. This includes reconfiguring roles
and responsibilities across disciplines such as production
engineering, reservoir management, and operations. Cross-
functional collaboration must be embedded in workflows to
ensure that insights derived from surveillance data lead to
timely and coordinated responses, whether through
workovers, re-perforation, or production adjustment.
Training is a critical enabler. Engineers, field technicians, and
decision-makers must understand both the technical
principles of the model and its practical utility. Capacity
building initiatives should include hands-on training in data
interpretation, use of dashboards, and troubleshooting of
sensor data anomalies. Equipping personnel with this
knowledge ensures continuity, especially in settings where
staff turnover is frequent and technical skills vary.
Furthermore, knowledge management systems must be
established to retain learning across teams and time 7,
Governance frameworks provide the structural backbone for
sustained implementation. Defined  accountability
mechanisms are needed to enforce data usage protocols,
prioritize interventions, and ensure model outputs are acted
upon. This includes standard operating procedures for data
validation, escalation paths for anomaly detection, and
regular review cycles to assess performance. When
governance is clearly delineated, it enhances trust in the
model and promotes a culture of proactive, data-driven field
management (8],

4.3 Continuous Improvement and System Evolution
Once operational, the surveillance model must evolve
through feedback loops and iterative refinements. Learning
mechanisms—such as post-intervention analyses, missed
alert reviews, and root cause evaluations—should feed back
into the model to improve its diagnostic accuracy and
responsiveness. These adaptive loops ensure the model
remains relevant as field conditions shift, sensor performance
varies, and reservoir behavior changes over time [*,
Benchmarking is an essential practice for evaluating model
efficacy. By comparing performance metrics across different
time periods or well clusters, field teams can identify areas of
improvement or declining model accuracy. Metrics such as
false positive rates, intervention success ratios, and lag times
between alert and action provide quantitative feedback on
system performance. These insights not only inform technical
adjustments but also support accountability across teams [0,
Regular audits and recalibration strategies are needed to
maintain model integrity. Audits verify data fidelity, ensure
thresholds remain aligned with current field realities, and
check whether new operational insights have been
incorporated. Scheduled recalibrations—based on evolving
reservoir understanding or equipment upgrades—allow the
model to stay accurate and actionable. This systematic
evolution transforms the model from a static tool into a
dynamic engine for continuous production optimization in
marginal fields 104,

5. Conclusion

5.1 Summary of Conceptual Advancements

This paper has proposed a unified surveillance model that
integrates well-level and reservoir-level data streams to
enhance production optimization, particularly in marginal
fields. The model’s architecture is built around three core
layers—data acquisition, analytics, and decision support—
designed to function collaboratively for continuous
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monitoring and responsive field management. By
emphasizing diagnostic feedback mechanisms and real-time
performance indicators, the model establishes a coherent
framework to bridge fragmented operational processes.

A key innovation lies in tailoring the surveillance architecture
to the nuanced demands of marginal fields. These fields
typically suffer from declining performance, limited
infrastructure, and high economic sensitivity. Unlike generic
monitoring systems, the proposed framework addresses such
constraints by prioritizing low-cost instrumentation, adaptive
analytics, and selective intervention triggers. This ensures not
only technical feasibility but also economic viability, making
surveillance more actionable in low-margin environments.
The model also brings structure to decision-making in fields
often characterized by reactive operations. Through
threshold-based alerts, integrated data visualizations, and
cross-functional communication, it enables proactive
intervention before failures or inefficiencies escalate. This
transforms surveillance from a passive observation tool into
an active operational strategy. The conceptual groundwork
laid here thus paves the way for more intelligent and holistic
field management approaches in late-life or low-producing
assets.

5.2 Strategic and Operational Implications

From a strategic perspective, the proposed surveillance
model enhances asset visibility by enabling field teams to
monitor performance metrics with greater clarity and
continuity. This translates to fewer unplanned shutdowns,
more reliable forecasting of equipment failures, and a
streamlined maintenance cycle. In marginal fields, where
operational disruptions can be financially debilitating, this
improvement in situational awareness can have a
disproportionately positive impact.

Operationally, the model fosters better-informed
interventions through its prioritization logic and analytics-
driven recommendations. By centralizing and integrating
data from various disciplines—production, reservoir, and
facilities—the model provides a comprehensive view of field
health. This enables more targeted decisions regarding
workovers, artificial lift optimization, or stimulation efforts.
As a result, workflows become more efficient and less reliant
on ad hoc judgments or incomplete information.

Perhaps most importantly, this model supports the economic
extension of marginal field life. Through disciplined
monitoring and optimization, operators can extract
incremental barrels of oil while deferring abandonment costs.
Moreover, the model promotes resource stewardship by
minimizing energy waste and maximizing hydrocarbon
recovery. As the industry continues to balance profitability
with sustainability, such integrated surveillance strategies
will  become increasingly vital for maintaining
competitiveness in maturing assets.

5.3 Future Development Directions

The next frontier in the evolution of this surveillance model
lies in the integration of machine learning techniques for
pattern recognition and anomaly detection. Supervised and
unsupervised algorithms could enhance the model’s ability to
identify early-warning signs of decline or failure that may be
overlooked by rule-based systems. Additionally, predictive
capabilities could be embedded to anticipate production shifts
and optimize responses ahead of real-time alerts.

To support scalable deployment across multiple assets or
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geographic regions, future iterations of the model should
leverage cloud-based platforms. These platforms would
enable real-time data sharing, centralized dashboards, and
collaborative  decision-making across teams. Cloud
infrastructure also facilitates the integration of third-party
tools, cross-asset benchmarking, and remote surveillance—
capabilities increasingly essential in distributed field
operations.

Further expansion of the model could include additional
operational domains such as completions diagnostics,
stimulation effectiveness tracking, and artificial Ilift
performance monitoring. A multi-domain, integrated
surveillance ecosystem would allow for more holistic asset
optimization. Ultimately, such continuous development will
help transform marginal fields from reactive liabilities into
actively managed, value-generating assets through advanced
surveillance and digital intelligence.
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