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ABSTRACT

The accurate measurement of crude oil during custody transfer is a critical determinant of
revenue assurance and operational efficiency in the oil and gas industry. In the Niger Delta,
where fiscal losses from measurement inaccuracies and operational inefficiencies are acute,
optimizing Lease Automatic Custody Transfer (LACT) systems becomes a strategic imperative.
This study aims to optimize LACT system performance by enhancing measurement accuracy and

operational efficiency, with specific focus on the Nigerian context.

Employing a novel dual-methodology approach, the research first conducts a meter drift
simulation to model the financial impact of calibration decay on a turbine meter, evaluating four
proving strategies: annual, quarterly, monthly, and predictive. Second, it utilizes machine
learning techniques, specifically Random Forest regression, on a dataset from a Port Harcourt
LACT unit to model the relationship between operational parameters (pressure, temperature, API

gravity) and flow rate, identifying optimal conditions for throughput maximization.

The findings reveal profound financial implications. The current industry practice of annual
proving results in an estimated annual loss of $10.48 million per LACT unit. A shift to
predictive proving could reduce this loss by 99.5%, saving approximately $10.43 million
annually. The machine learning model (R? = 0.716) identified operating pressure as the most
significant parameter influencing flow rate and pinpointed an optimal operational window
(Pressure: 75.3 psi, Temperature: 92.2°F) that can improve flow rates by over 10.5% compared
to sub-optimal conditions.

The study concludes that significant optimization potential exists through data-driven strategies.
It provides a clear, actionable roadmap for operators and regulators, recommending an
immediate transition to quarterly proving and the adoption of setpoint optimization, with a long-
term view towards predictive maintenance and digital integration. This research demonstrates
that leveraging operational data and modern analytical techniques is key to safeguarding national
revenue, enhancing transparency, and achieving operational excellence in Nigeria's oil and gas

sector.



CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

The oil and gas industry is widely recognized as one of the most capital-intensive sectors in the
world. Within this industry, accurate measurement and accountability are not optional; they are
essential requirements for maintaining both operational efficiency and fiscal transparency. One
of the most sensitive points in the petroleum value chain is custody transfer. This is the stage at
which ownership of crude oil or associated liquids officially changes hands, usually between
producers, transporters, and buyers. At this critical point, the volume and quality of hydrocarbons
must be determined with the highest degree of precision. Even a seemingly minor error in
measurement can translate into significant financial losses, disputes between contractual parties,

or violations of regulatory standards.

It is against this backdrop that Lease Automatic Custody Transfer (LACT) systems have gained
prominence. A LACT unit provides an automated means of transferring crude oil from
production leases into pipelines or storage facilities while simultaneously measuring both quality
and quantity. These systems are designed to minimize human intervention, reduce errors, and
enhance the consistency of measurement. They also generate auditable data that can be used for
regulatory compliance and financial accountability. As shown in Figure 1, which illustrates a
production system incorporating a LACT unit (Kimray), these systems occupy a central role in
linking the production process with the financial and regulatory frameworks that govern
hydrocarbon sales. Resnick (2017) explains that LACT systems have demonstrated greater
reliability than traditional manual gauging, largely because they provide continuous and

automated monitoring that can be trusted by both operators and buyers.
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Figure 1.0: Production system including LACT unit (Kimray)

Before the widespread adoption of LACT systems, manual tank gauging was the industry
standard. Although simple in concept, this approach was both labor-intensive and prone to
considerable uncertainty. Tank gauging has been estimated to carry an error margin of up to 1
percent, which may appear small but becomes highly significant when applied to large
production volumes. Such errors could easily lead to millions of dollars in disputed revenues
(Cahill, 2014). In contrast, dynamic measurement with LACT systems reduces this uncertainty to
a fraction of that value, often within +0.25 percent of actual volumes. This improvement in
accuracy is made possible through the use of advanced components such as flow meters,
automated sampling devices, BS&W (basic sediment and water) analyzers, temperature and
pressure compensators, and control valves. Each of these components plays a role in ensuring
that the crude oil transferred not only meets contractual specifications but is also recorded with a

high degree of accuracy (Cahill, 2014).

Globally, the optimization of LACT systems has become a significant area of focus as oil
companies respond to increasing production complexity and stricter regulatory oversight. In
North America, agencies such as the American Petroleum Institute (API) and the Bureau of Land
Management (BLM) have introduced regulatory requirements that encourage the adoption of
advanced metering and automation technologies. In response, operators are now deploying
digital flow computers, supervisory control and data acquisition (SCADA) systems, and inline

water-cut analyzers to strengthen both accuracy and efficiency. Similar developments are taking



place in the Middle East, where LACT optimization efforts often focus on advanced sampling
systems and real-time monitoring technologies to handle the demands of large-scale crude oil
exports. These global practices highlight a clear trend: measurement technology is not simply
about operational convenience, but about safeguarding fiscal integrity, improving trust among

stakeholders, and ensuring the long-term sustainability of operations.

In Nigeria, particularly in the Niger Delta, the role of LACT systems is even more critical. The
region produces the majority of the country’s crude oil and serves as the hub for exports that
sustain national revenues. However, it faces unique operational challenges including crude theft,
pipeline vandalism, metering inaccuracies, and infrastructural deficiencies. These issues
frequently undermine accurate measurement and transparency in custody transfer operations,
leading to revenue losses, disputes among stakeholders, and a weakening of trust between
operators, regulators, and host communities. Given that oil revenues constitute a significant
portion of Nigeria’s national income, optimization of LACT systems in the Niger Delta is not

only a technical requirement but also an economic and governance imperative.

In recent years, optimization has extended beyond hardware improvements to include the
integration of advanced digital solutions. Predictive maintenance strategies are being employed
to minimize downtime, while IoT-based platforms and real-time data analytics allow for faster
detection of errors or anomalies. By reducing measurement uncertainty, enhancing equipment
reliability, and improving operational oversight, these technologies align with global movements
toward the digital oilfield and Industry 4.0 practices. For a region like the Niger Delta, where
operational efficiency directly influences national revenue and long-term stability, such

advancements can contribute significantly to improved transparency and fiscal accountability.

In summary, the development and optimization of LACT systems form a vital part of modern oil
field operations. They ensure accurate custody transfer, minimize financial losses, and enhance
operational efficiency while strengthening stakeholder confidence. For Nigeria’s Niger Delta, the
stakes are particularly high, making the continuous improvement of LACT systems a strategic

necessity for both economic sustainability and global competitiveness.



1.2 Overview of LACT Systems

Lease Automatic Custody Transfer (LACT) systems are considered essential infrastructure
within the oil and gas industry, functioning as the key point of intersection between production
facilities and commercial transactions. They represent the official station where ownership of
hydrocarbons transfers from upstream producers to midstream transportation companies, making
them widely regarded as the "cash register” of oilfield operations. At this stage, accuracy is
paramount, since the reported measurements form the financial basis for sales contracts,

royalties, and regulatory compliance.

The primary role of a LACT unit is to provide an automated means of sampling and measuring
both the quality and quantity of crude oil as it is transferred from storage tanks into pipelines or
transport vehicles. By automating this process, LACT systems eliminate the constant need for
human oversight while ensuring that the measurement and custody transfer process is carried out
with high reliability and transparency.

Historically, the oil industry relied heavily on manual methods such as tank gauging and fluid
sampling. While these techniques served as the industry standard for many years, they
introduced a number of challenges. Manual measurement often required personnel to be
physically exposed to hazardous working environments, including flammable atmospheres, high-
pressure systems, and extreme weather conditions. Beyond the safety concerns, these methods
were time-consuming and prone to errors influenced by human judgment, environmental
variables, and limitations in equipment precision (Machuca, 2017). Even small inaccuracies at
the point of custody transfer could result in significant financial disputes between producers and

buyers, underlining the urgent need for improvement.

The introduction of LACT systems was a response to these challenges. By integrating automated
flow measurement, sampling, and quality assessment, LACT units provide continuous and highly
precise data that conform to custody transfer standards. This automation has not only improved
operational efficiency but also fostered trust and accountability among stakeholders by reducing
measurement discrepancies and disputes. Today, LACT systems form the backbone of fiscal



measurement in oil production, ensuring that every barrel of crude oil is accounted for with

accuracy.

1. Pump 4. Inlet Static Mixer 7. Block & Bleed Valves / Proving Connections
2. BS&W Monitor 5. 3-Way Diverter Valve 8. Spring-Loaded Back Pressure Valve
3. Air Eliminator 6. Coriolis Flowmeter 9. Check Valve

Figure 1.1; LACT Unit Schematic Diagram

Figure 1.1 illustrates the schematic layout of a typical LACT unit, showing the arrangement of
its major components. These typically include flow meters, automatic sampling systems, BS&W
(basic sediment and water) analyzers, temperature and pressure correction devices, and control
valves. Together, these elements work in a coordinated fashion to ensure that both the volumetric
and quality specifications of crude oil are properly measured before it enters the transportation
system. By examining the schematic, it becomes clear how the integration of each subsystem
supports the broader function of custody transfer, reinforcing the importance of LACT systems in
maintaining fiscal transparency, operational safety, and regulatory compliance across the

petroleum value chain.

Modern LACT units represent integrated systems comprising numerous components that work
in concert to achieve measurement accuracy better than +0.25% in optimal conditions. These
systems must adhere to strict industry standards established by the American Petroleum
Institute (API), particularly API Chapter 11N, which governs the design, operation, and
verification of LACT equipment. The economic significance of these systems cannot be

overstated—even a 0.1% measurement error in a system handling 10,000 barrels per day could



translate to approximately $150,000 in annual revenue discrepancy at moderate oil prices

(Machuca, 2017)

Table: Evolution of Custody Transfer Methods in Oil & Gas Industry

Labor
Era Primary Method Accuracy Safety Considerations
Requirement
Manual Tank ' Significant exposure
Pre-1960s . +2-5% High
Gauging hazards
1960s- . Reduced manual
Early LACT Units | £1-2% Moderate
1980s sampling
1980s- Improved LACT Enhanced  automation
+0.5-1% Low
2000s Systems safety
2000s- Advanced LACT | +£0.25- Remote monitoring
Minimal
Present Systems 0.5% capabilities
Optimized Smart | £0.1- Predictive safety
Future Remote only
LACT 0.25% systems

1.2.1 LACT System Components and Functions

Lease Automatic Custody Transfer (LACT) units are made up of several integrated components
that work in sequence to guarantee the accurate measurement and safe transfer of hydrocarbons
during custody transfer. Each component performs a specific role, and understanding these roles
is not only important for appreciating how the system functions but also for identifying

opportunities to improve efficiency and accuracy.



The system typically begins with the charge pump, which draws crude oil from production
storage tanks into the LACT unit. This pump is designed to provide the necessary pressure to
move the oil through the system’s different stages. Consistent and stable flow rates are essential
at this point, as fluctuations can affect downstream measurements and compromise the precision
of custody transfer data. The reliability of the charge pump therefore forms the foundation upon

which the rest of the system depends.

Once the oil enters the system, it passes through one of the most critical quality-control devices,
the Basic Sediment and Water (BS&W) monitor. This device measures the percentage of
water and sediment present in the crude oil. Accurate BS&W monitoring is vital because it
ensures that only oil meeting contractual and regulatory specifications proceeds for custody
transfer. In practice, the BS&W monitor consists of a probe and sensor installed directly in the
flow stream, which continuously analyze the quality of the oil. The readings are transmitted to

the system’s control panel, which governs subsequent actions.

If the BS&W levels exceed agreed limits—typically between 0.5% and 1% depending on
contractual requirements—the control system automatically diverts the flow to a separate tank
for further treatment or settling. This safeguard prevents contaminated or off-specification crude
from entering transportation pipelines, thereby protecting both buyers and sellers from disputes
over product quality. By filtering out unsuitable oil before the point of custody transfer, this stage

ensures that the transaction reflects only marketable hydrocarbons.

The importance of this process is illustrated in Figure 1.2, which shows BS&W probes
commonly used in LACT units (Eesiflo Technologies). These probes are a practical
demonstration of how modern measurement technology has been integrated into oilfield

operations to ensure accuracy, reduce disputes, and enhance operational safety.

Together, these two initial components—the charge pump and the BS&W monitor—form the
foundation of the LACT unit’s operation. They establish the flow and safeguard product quality,
setting the stage for the downstream components that handle measurement, sampling, and final

transfer into transportation systems.



Figure 1.2: BS&W Probes for LACT Units (Eesiflo Technologies)

Following quality verification, the oil passes through an air eliminator that removes entrained
gas or air bubbles from the liquid stream without allowing valuable oil to escape. This step is
critical because air or gas in the measurement stream can cause significant inaccuracies in
volumetric measurements. The fluid then enters an inlet static mixer that emulsifies the liquid to
ensure a homogeneous mixture before it reaches the metering section. This homogenization is
essential for obtaining representative samples and accurate measurements, as crude oil naturally

separates into different phases when flowing through straight pipes.

The flow meter represents the heart of the LACT measurement system, as it provides the official
record of crude oil volumes transferred during custody operations. Traditionally, turbine meters
and positive displacement (PD) meters were widely used for this purpose. While these devices
remain in operation, modern LACT units increasingly employ Coriolis mass flow meters due to
their superior accuracy, reliability, and ability to directly measure mass rather than infer it from

volume.

Coriolis meters operate on the principle of motion mechanics. In a typical design, the process
fluid is directed through two parallel tubes (or coils) that are vibrated in opposite directions. As
fluid flows through these vibrating tubes, the Coriolis effect induces a measurable phase shift
between the inlet and outlet oscillations. This shift is directly proportional to the mass flow rate
of the fluid. Advanced electronics convert these signals into precise mass flow readings, which

are then used for custody transfer documentation.

One of the most significant advantages of Coriolis meters is their insensitivity to changes in

fluid properties such as viscosity, density, or temperature—factors that often compromise the



accuracy of turbine or PD meters. In addition, because Coriolis meters have no moving parts,

they require minimal maintenance, resulting in reduced operational downtime and lower

lifecycle costs. Their ability to simultaneously measure mass flow, density, and temperature

further enhances the accuracy and efficiency of hydrocarbon measurement in LACT

applications.

This advancement in metering technology is illustrated in Figure 1.3, which shows the design

of a Coriolis flow meter (Krohne). The figure highlights the dual-tube oscillation mechanism

that enables these devices to achieve high-precision mass measurement in dynamic oilfield

environments.

By incorporating Coriolis meters, LACT systems not only achieve compliance with regulatory

and contractual requirements but also reduce the likelihood of custody transfer disputes,

reinforcing their role as the definitive tool for oil measurement.

Figure 1.3: Coriolis Flow Meter Design (Krohne)

Table: Key Components of a Modern LACT Unit and Their Functions

Optimization
Component Primary Function Impact on Accuracy
Considerations
Provides flow | Consistent pressure | High - affects flow
Charge Pump
through system maintenance stability




Optimization

Component Primary Function Impact on Accuracy
Considerations
Measures
BS&W Calibration frequency, | Critical -  determines
water/sediment
Monitor sensor technology quality
content
Removes entrained | Efficiency in  gas
Air Eliminator . High - gas affects volume
gas separation
Design efficiency, | Medium - affects sample
Static Mixer Homogenizes fluid ' _
maintenance representativeness
o Temperature ) )
Coriolis Flow | Measures . Critical - primary
compensation,
Meter mass/volume _ . measurement
diagnostics
Verifies meter | Frequency of proving, | Critical - maintains
Prover System .
accuracy method traceability
Algorithm
Control Automates o High - coordinates all
_ sophistication, data
System operations components
handling

Additional components include block and bleed valves and proving connections located after the

flow meter, where a proving meter can be connected to periodically test the accuracy of the

metering system. A spring-loaded back pressure regulator maintains pressure against the LACT

unit to ensure proper operation of all components, while a check valve prevents backflow of

metered fluid from the pipeline. The entire system is coordinated by a Programmable Logic

10




Controller (PLC) that automates the operation based on predefined parameters and real-time

measurements from all components.

1.2.2 Measurement Technologies and Accuracy Considerations

Measurement accuracy stands as the paramount concern in LACT system design and operation,
as it directly impacts financial transactions between parties. Traditional measurement approaches
relied on mechanical meters including positive displacement (PD) meters and turbine meters,
which remain in use but present significant maintenance challenges and accuracy limitations.
These mechanical meters contain moving parts that are subject to wear from abrasive materials
in crude oil streams, necessitating frequent recalibration and replacement to maintain accuracy

standards.

The emergence of Coriolis meter technology has revolutionized custody transfer measurement by
providing direct mass flow measurement without intrusive components or moving parts. Modern
Coriolis meters feature straight-tube designs that reduce wear and enhance durability compared
to bent-tube designs, particularly important when handling crude oil with high solids content.
Advanced Coriolis meters like the OPTIMASS 2400 offer custody transfer-grade mass flow
measurement in accordance with AGA standards over a wide dynamic range, without requiring

viscosity compensation or experiencing drift.

Density measurement represents another critical capability of Coriolis meters, providing valuable
data for quality assessment and volume calculations. The integrated density measurement
enhances crude oil analysis by providing insights into the medium's quality, serving as an
additional safety measure in case residual water remains in the process stream. This dual
measurement capability (mass flow and density) makes Coriolis meters particularly valuable for

custody transfer applications where both quantity and quality determinations are essential.

Entrained Gas Management (EGM) functionality in advanced Coriolis meters provides crucial
diagnostic capabilities by generating a two-phase signal when gas bubbles are present in the oil
stream. This feature allows operators to verify that the air eliminator is functioning properly and
ensures measurement integrity is maintained by alerting personnel to conditions that could

compromise accuracy. Additionally, on-site monitoring and verification capabilities (such as
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OPTICHECK technology) enable quick assessment of meter health without requiring removal

from service.

Table: Comparison of Flow Measurement Technologies for LACT Applications

Accuracy Maintenance Viscosity Two-Phase Flow
Technology
Range Requirements Sensitivity Handling
Positive ' .
) +0.25-0.5% High - moving parts | Moderate Poor
Displacement
Turbine Meter +0.25-0.75% | High - moving parts | High Poor
Moderate - plate .
Orifice Plate +1-2% ‘ _ Low Fair
mspection
Ultrasonic Meter | +0.25-0.5% Low Low Good
Excellent  with
Coriolis Meter +0.1-0.25% Low None
EGM

Proving systems represent another critical aspect of measurement accuracy, providing regular

verification that flow meters maintain their calibration within acceptable tolerances. Prover loops

allow operators to connect a master meter or use a mechanical prover to validate the performance

of the primary metering system. Regular proving is essential for maintaining measurement

integrity, particularly for mechanical meters that are prone to drift over time. Advanced Coriolis

meters with built-in diagnostics may reduce the frequency of physical proving required, but

regular validation remains a industry best practice for custody transfer applications.
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Figure 1.4: Meter Proving Systems (Emerson)

Temperature compensation is equally crucial for accurate measurement, as crude oil volume
varies significantly with temperature fluctuations. LACT units incorporate temperature sensors
that provide data to the flow computer, which adjusts volume calculations to standard conditions
(typically 60°F in the U.S.) based on API standards. Failure to properly compensate for
temperature variations can introduce significant measurement errors, particularly in

environments with extreme temperature swings between day and night operations.

1.3 Operational Challenges in LACT Systems

LACT systems face numerous operational challenges that can impact measurement accuracy and
system efficiency. Fluid characteristics represent a primary challenge, as crude oil composition
varies significantly between fields and even over time within the same field. Changes
in viscosity, density, and water content can affect meter performance if not properly
compensated. Additionally, the presence of abrasive materials including sand, drilling mud
residues, and other solids can cause wear on mechanical components, particularly in pumps and

meters with moving parts.

Environmental conditions present another significant challenge, especially for units operating in
extreme climates. In cold weather operations, crude oil can experience increased viscosity or
even partial solidification, potentially affecting flow characteristics and measurement accuracy.
Units operating in desert environments face challenges with heat management and sand
infiltration. Many LACT units incorporate climate control enclosures and insulation to maintain
optimal operating temperatures for electronic components and prevent fluid viscosity changes

that could affect measurements.
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Equipment degradation over time represents an inevitable challenge that must be managed
through proactive maintenance strategies. Mechanical components including pumps, valves, and
mechanical meters experience wear that gradually reduces performance and accuracy. Even non-
intrusive components like Coriolis meters can experience changes in performance due to coating
buildup or erosion of measurement tubes. Establishing appropriate maintenance
schedules and calibration frequencies is essential for maintaining measurement integrity

throughout the equipment lifecycle.

Data management challenges have emerged as increasingly important with the adoption of
digital technologies and remote monitoring capabilities. Modern LACT units generate vast
amounts of operational data that must be collected, processed, and stored for regulatory
compliance and performance optimization. Ensuring data integrity, security, and accessibility
while managing the volume of information represents a significant operational challenge,

particularly for organizations with multiple LACT units across dispersed geographic locations.

Regulatory compliance requirements continue to evolve, presenting an ongoing challenge for
LACT system operators. API standards undergo periodic revision, and operators must ensure
their equipment and procedures remain compliant with the latest guidelines (Machuca, 2017)
Additionally, environmental regulations regarding emissions from storage tanks and transfer
operations have become increasingly stringent, potentially requiring modifications to existing

LACT equipment or procedures to maintain compliance (Machuca, 2017)

Economic pressures to reduce operational costs while maintaining measurement accuracy create
constant tension in LACT system management. Organizations must balance the investment in
high-accuracy equipment and regular maintenance against the potential financial impact of
measurement errors (Machuca, 2017) This balance becomes particularly challenging for lower-
volume operations where the cost of sophisticated LACT equipment may be difficult to justify

based solely on measurement uncertainty reduction (Machuca, 2017)

1.4 Statement of the Problem

Crude oil measurement at custody transfer points is one of the most critical activities in oil field
operations because it directly affects revenue allocation, royalty calculations, and contractual

agreements between operators and regulators. Inaccuracies in these measurements can result in
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significant financial losses, disputes between stakeholders, and potential regulatory penalties.
The Lease Automatic Custody Transfer (LACT) system was developed to automate the
measurement and transfer of crude oil, thereby reducing human error and ensuring operational

consistency.

Despite its widespread adoption, many LACT systems face challenges that compromise their
accuracy and efficiency. Factors such as meter calibration errors, poor sampler performance,
paraffin buildup, inadequate temperature and pressure compensation, and equipment aging
contribute to discrepancies in volume and quality determination. In the Niger Delta, where oil
production is both a major economic driver and a source of geopolitical tension, these
inefficiencies are particularly problematic. Measurement errors not only reduce trust between
operators and host communities but also undermine national revenue accounting in a region

where every barrel of crude oil is economically significant.

Globally, operators have attempted to improve LACT performance through advanced metering
technologies, integration of real-time monitoring systems, and stricter adherence to industry
standards such as those set by the American Petroleum Institute (API). However, in many oil
fields—including those in Nigeria—optimization strategies are either poorly implemented or not
adapted to local operating conditions. This gap highlights the need for systematic research into
how LACT systems can be optimized for both enhanced measurement accuracy and improved

operational efficiency in oil field operations.

1.5 Aim and Objectives of the Study

The primary aim of this study is to optimize the performance of Lease Automatic Custody
Transfer (LACT) units to ensure accurate, reliable, and efficient crude oil measurement in oil

field operations.
To achieve this aim, the study is guided by the following specific objectives:

1. To review the operational principles of LACT systems and highlight the key

components that influence measurement accuracy and efficiency.

2. To identify common challenges and sources of error in the operation of LACT

systems, particularly within the Niger Delta oil fields.
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3. To evaluate existing optimization strategies applied globally for improving LACT

system performance.

4. To propose practical optimization measures tailored to the operating conditions of
Nigerian oil fields, with emphasis on accuracy, cost-effectiveness, and operational

sustainability.

5. To assess the potential impact of optimized LACT systems on crude oil accounting,

revenue assurance, and operational transparency in oil field operations.

1.6 Significance of the Study

The optimization of Lease Automatic Custody Transfer (LACT) systems holds significant
importance for both the Nigerian oil and gas industry and the global petroleum sector. Accurate
measurement of crude oil at the custody transfer point is critical for ensuring fairness in

commercial transactions, maintaining regulatory compliance, and safeguarding national revenue.

In the Niger Delta context, where crude oil theft, pipeline vandalism, and discrepancies in
metering have historically affected revenue assurance, improving LACT system performance
directly addresses one of the major challenges of petroleum operations. Optimized LACT
systems can help reduce metering uncertainties, prevent fraud, and strengthen accountability in

crude oil sales, thereby contributing to Nigeria’s economic stability.

From an operational perspective, enhancing LACT performance leads to improved measurement
accuracy, reduced downtime, and minimized manual interventions. This, in turn, improves
overall operational efficiency, reduces operational costs, and ensures smoother field operations

with fewer disputes between operators, regulators, and buyers.

Globally, the findings of this study provide insights that can be adapted to other oil-producing
regions facing similar challenges in metering accuracy and efficiency. The study also contributes
to the body of knowledge on petroleum measurement technologies, offering guidelines for
integrating new optimization strategies such as real-time monitoring, digitalization, predictive

maintenance, and advanced calibration techniques into LACT systems.
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In essence, this study has both academic significances, by expanding the literature on petroleum
measurement optimization, and practical relevance by providing actionable recommendations for

operators, regulators, and policymakers in the oil and gas sector.

1.7 Scope of the Study

This study focuses on the optimization of Lease Automatic Custody Transfer (LACT) systems
with particular emphasis on crude oil measurement and transfer operations in Nigeria. The
research is centered on evaluating the performance of LACT systems as they relate to
measurement accuracy, operational efficiency, and compliance with industry standards. By
narrowing its focus to crude oil custody transfer, the study aims to provide targeted insights that

can improve system reliability and reduce uncertainties in measurement.

Within this scope, the study examines several critical areas. First, it addresses measurement
accuracy, which involves the assessment of flow measurement, sampling, and metering
techniques employed in LACT units. Second, it considers operational efficiency, including the
effects of downtime, equipment maintenance, and the integration of automation on the
performance of the system. In addition, calibration and standardization practices are analyzed to
highlight their role in ensuring compliance with established guidelines such as the American
Petroleum Institute (API) MPMS standards and Nigeria’s Department of Petroleum Resources
(DPR) regulations.

The study also investigates the impact of technological advancements, including digitalization,
IoT-enabled monitoring, and predictive maintenance strategies, on the optimization of LACT
operations. Furthermore, it explores the economic and regulatory implications of system
optimization, particularly how enhanced measurement integrity can reduce financial losses,
ensure transparency, and improve revenue assurance for both operators and government

stakeholders.

Geographically, the study is limited to the Nigerian petroleum industry, with a specific focus on
operations in the Niger Delta, where LACT systems are widely utilized. Although the findings
are tailored to the Nigerian context, they may provide useful insights for other oil-producing

regions facing similar challenges. It is important to note that this study does not extend to non-
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petroleum custody transfer systems or downstream refined product metering, as its emphasis is

strictly on crude oil measurement at the point of custody transfer.

1.8 Limitations of the Study

Although this study provides valuable insights into the optimization of LACT systems in
Nigeria, certain limitations are acknowledged. One major limitation lies in the availability and
reliability of data. Due to the restricted access to proprietary operational data from oil companies,
the research relied on secondary data sources, published standards, and case-based information,

which may not fully capture the real-time performance of every LACT system in operation.

Another limitation arises from the geographical scope of the research. While the study focuses on
LACT operations in Nigeria, specifically within the Niger Delta, the findings may not be entirely
generalizable to other regions where environmental conditions, infrastructure, and regulatory
frameworks differ significantly. As such, the conclusions should be interpreted primarily within

the Nigerian petroleum industry context.

In addition, the study does not cover the entire petroleum value chain. Its focus is limited to
crude oil custody transfer systems at the point of export or inter-operator exchange, and it does
not extend to downstream refined product metering or gas custody transfer systems. This
narrowed focus ensures depth but excludes potential insights from other parts of the hydrocarbon

measurement process.

Finally, the study’s scope is constrained by technological considerations. While emerging
technologies such as digital twins, advanced IoT integration, and Al-driven predictive
maintenance are discussed, their actual field deployment within Nigerian LACT systems remains
limited. This creates a gap between theoretical optimization strategies and their practical

implementation.
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CHAPTER TWO

2.0 LITERATURE REVIEW

Lease Automatic Custody Transfer (LACT) systems are skid-mounted assemblies that automate
the measurement and transfer of crude oil at lease sites or intermediate stations (KROHNE
Group, 2025.; Angus Measurement, 2004). They serve as the “heart” of custody transfer,
ensuring that crude oil sold from one party to another is measured with high precision (Iwegbu &
Appah, 2007; Emerson, 2017). A typical LACT skid includes a charge pump, basic sediment and
water (BS&W) monitors, an air eliminator, an automatic sampler, three-way diverter valves, and
a primary flow meter often fitted with ball-prover connections for meter proving and verification
(KROHNE Group, 2025.; Angus Measurement, 2004). The objective is to deliver stabilized,

single-phase crude to a meter that continuously quantifies volume and quality, with automatic

diversion back to the tank if the product falls below specified quality limits (KROHNE Group,
2025.; Angus Measurement, 2004).

Figure 1.1.1 : Representative LACT system components (pump, BS&W probe, air
eliminator, sampler, meter, prover, valves) as described by industry source,(Image credit:
KROHNE/Angus Measurement)

LACT systems are designed in accordance with industry standards such as API MPMS Chapter
6.4A and are expected to meet stringent accuracy requirements, typically on the order of £0.25%
or better (Iwegbu & Appah, 2007; Emerson, 2017). For example, Iwegbu and Appah (2007)
report that custody metering accuracy in the Niger Delta can exceed +0.25%, observing that
“Custody Transfer Measurement Facilities can achieve an accuracy of better than +0.25%.”

Achieving and maintaining this level of accuracy is critical because even small percentage errors
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represent large revenue exposures. Endress+Hauser has illustrated the financial scale of such
errors, showing that an error of +0.35% on a 60,000 barrels per day system can amount to
roughly $33,600 per day in lost or misallocated value (Endress+Hauser, 2018). Consequently,
rigorous design, frequent calibration, and continuous monitoring are essential practices for

LACT operations.
LACT Components and Operation

A typical Lease Automatic Custody Transfer unit integrates several engineered subsystems that
together ensure the accurate, continuous measurement and safe transfer of crude oil (KROHNE
Group, 2025.; Angus Measurement, 2004). These subsystems are selected and arranged to
produce a stable, single-phase stream for metering and to protect the integrity of the measured

volume and sample quality. The key subsystems and their roles are described below.

Pump and strainers provide the primary hydraulic control of the LACT skid. A charge pump
draws oil from the lease tank and delivers it to the LACT process. In many practical designs the
pump is positioned on the suction side to permit the use of low-pressure, cost-effective gear
pumps. Strainers and inlet filtration protect downstream equipment by removing debris and
particulates that could damage meters or samplers (Angus Measurement, 2004). Where positive
displacement pumps are used, a pulsation damper is normally fitted to smooth transient flow
pulses and present a steady flow profile to the meter, which reduces measurement noise and wear

on mechanical meter components (Angus Measurement, 2004).

Effective degassing is essential for reliable custody measurement. An air eliminator or separator
is installed upstream of the main meter to vent entrained gas and to ensure the meter sees a
liquid-only flow. Entrained gas significantly biases volumetric meter readings and produces
unstable signals. Manufacturers and application notes emphasize entrained gas management as a
key diagnostic function for modern metering technology, and they recommend careful sizing and
placement of degassing devices to match field conditions (KROHNE Group, 2025.;
Endress+Hauser, 2018).

Basic sediment and water monitoring is another critical function of the LACT skid. Inline
BS&W monitors, typically capacitance or similar sensors, provide continuous measurement of

the water and sediment fraction in the flowing stream. Typical industrial instruments for LACT
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service are designed to detect low water fractions in the 0 to 3 percent range with high resolution,
and many systems set diversion thresholds to protect the meter and ensure contractual product
quality. If the BS&W reading exceeds a predefined set point, an automatic diversion valve
returns the flow to the storage or scrubber tank for re-separation, preventing contaminated fluid
from reaching the custody meter and thereby avoiding erroneous allocation (Angus

Measurement, 2004).

Automatic samplers are fitted to collect representative samples of the flowing crude for
laboratory analysis. Samplers are generally arranged on a vertical loop or sampler branch and are
driven by sample pumps that inject measured aliquots into collection bottles. Proper sampler
design and routine calibration are crucial because laboratory results on density, gas oil ratio, salt
content, and other quality parameters feed into allocation and fiscal calculations. Poor sampling
practice will impair downstream reconciliation even when the meter itself is accurate (Angus

Measurement, 2004).
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Figure 1.1.2a and 2.2b; Fast loop sampling system for Liquid (Doedjins)(OGSI)

The flow meter is the central measurement device in the LACT system. Historically, positive
displacement and turbine meters were common choices. In recent practice, Coriolis mass
flowmeters and advanced ultrasonic meters have gained broader adoption because of their
superior stability and reduced sensitivity to fluid property variations. Coriolis meters measure
mass directly, offer immunity to certain viscosity effects, and often include diagnostics for flow
quality and entrained gas detection. Meter selection is driven by expected flow rates, fluid
properties, turndown requirements and the need for reliable proving (KROHNE Group, 2025.;
Angus Measurement, 2004).
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Figure 1.1.3: Coriolis mass flow meter (Modern Pumping Today)

Flow computers and electronic volume correctors perform the necessary corrections to convert
measured volume or mass into net standard volume. These devices apply temperature and
pressure compensation algorithms, implement industry-standard equations and store totalized
data. Modern electronic flow computers also pace sampling systems, log proving events, and
provide audit trails that are essential for fiscal accountability. Older installations may still use
mechanical registers or automatic temperature compensators, but electronic solutions provide

improved accuracy and easier integration with supervisory systems (Angus Measurement, 2004).

Proving loops and proving procedures are necessary to validate meter performance on a
scheduled basis. LACT skids incorporate spool sections, isolation valves and a pipeline or inline
prover arrangement to perform meter proving. Ball provers, piston provers or small pipeline
provers are commonly used to determine the meter factor and to detect drift. Regular proving,
often performed monthly or at an operator-specified interval, maintains traceability of reported

volumes to known standards (KROHNE Group, 2025.; Angus Measurement, 2004).

Control valves and diverters complete the hydraulic and sample routing functions of the skid.
Three-way sampling and divert valves direct flow either to the meter or to bypass lines for tank
return and flushing. The LACT water diversion valve is an operational safeguard that shifts

entire flow away from the meter when quality parameters are out of range. Proper valve
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sequencing and interlocks are essential to prevent measurement errors during transitions and to

protect both personnel and equipment (Angus Measurement, 2004).

Because LACT units typically operate unattended and in remote locations, the whole assembly is
skid-mounted with integrated PLC or SCADA control and a remote telemetry link to the
operator’s central control room. This arrangement enables real-time monitoring of process
parameters, remote alarm handling and the collection of audit-quality data for production
accounting. Robust instrumentation, redundant critical sensors and clear maintenance procedures
are standard practice to ensure continuous, defensible custody transfer operations in field

conditions (KROHNE Group, 2025.; Angus Measurement, 2004).

2.1 Measurement Accuracy in LACT Systems

Accurate measurement of volume and quality is the primary purpose of Lease Automatic
Custody Transfer systems. Custody transfer marks the moment ownership of crude oil changes,
so any error at this point affects revenue, contractual settlement, and regulatory reporting.
Industry standards and guidelines therefore place tight requirements on LACT uncertainty. For
example, API MPMS Chapter 6.4 indicates that LACT systems are expected to achieve
uncertainties on the order of +0.25 to #+0.5 percent (one sigma), and operator guidance
documents emphasize that well-designed systems should maintain accuracies near the lower end
of that range (Iwegbu & Appah, 2007; Emerson, 2017). Emerson further notes that modern
LACT solutions are capable of unattended measurement with maintained accuracy of +0.25
percent or better (Emerson, 2017). By contrast, manual tank gauging and automatic tank gauging
methods are more error prone and require more personnel time, which increases operational cost

and the chance of human error (Machuca, 2017; Emerson, 2017).

Sources of measurement error in a LACT flow meter are multiple and often interact. Below are
the main contributors, together with practical implications for LACT operation and mitigation

measures.
Meter factor drift.

Mechanical meters such as positive displacement and turbine meters are subject to wear, erosion,
and mechanical degradation over time. Abrasion from particulates and deposition from

asphaltenes or paraffin can change internal clearances and rotor dynamics, producing a shift in
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the meter factor. Even modern meters such as Coriolis units require periodic proving to confirm
the meter factor and detect any long term drift. Regular proving and a documented history of
meter factor trends are essential to identify gradual changes before they become material

(KROHNE Group, 2025.; Angus Measurement, 2004).
Fluid property variations.

Crude oil composition, viscosity and density change over time and between production streams.
These variations affect meter performance differently depending on meter type. Turbine and
positive displacement meters are particularly sensitive to viscosity and may require
compensation or operation within a narrow viscosity band to remain accurate. Coriolis meters
measure mass directly and are generally less sensitive to viscosity changes, but they still depend
on stable flow profiles and correct installation to deliver their nominal accuracy. Understanding
fluid property ranges and selecting a meter and ancillary equipment that match those ranges

reduces this source of error (KROHNE Group, 2025.; Angus Measurement, 2004).
Multiphase flow and entrained gas.

The presence of free or entrained gas in the liquid stream can cause large measurement errors for
volume-based meters. Entrained gas changes the effective density of the medium and produces
buoyancy and compressibility effects that cause under-reading in many volumetric meters. To
mitigate this effect, LACT designs include upstream degassing devices and air eliminators, and
modern Coriolis meters often include entrained gas management diagnostics to detect and, where
possible, flag gas-affected measurements. Properly sized and operated degassing equipment and
good upstream separation are therefore critical for reliable custody metering (KROHNE Group,

2025.; Emerson, 2017).
Temperature and pressure compensation.

Measured volumes must be corrected to standard conditions, commonly to 15 or 60 degrees
Fahrenheit, depending on contractual terms. Errors in temperature or pressure measurement,
whether from sensor drift, poor sensor location, or inadequate maintenance, translate directly
into volume correction errors. Replacing mechanical automatic temperature compensators with

electronic flow computers and properly maintained pressure and temperature transmitters
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improves correction accuracy and provides audit trails for verification (Angus Measurement,

2004).
Water content and BS&W measurement.

Water and sediment reduce the net hydrocarbon volume and must be accounted for. BS&W
probes and water-cut monitors are integrated into LACT systems to detect unacceptable levels
before the meter. If BS&W monitoring is inaccurate due to poor calibration or probe fouling,
hydrocarbon volumes will be reported incorrectly. Because many crude streams in regions such
as the Niger Delta have variable water cuts, frequent verification of BS&W instruments and

appropriate sampler design are important controls (Angus Measurement, 2004).
Sampling quality.

Representative sampling underpins downstream laboratory analysis of density, salinity, and other
quality attributes used in volume and allocation calculations. Sampling errors arise from poor
sampler design, dead legs in the sample line, inadequate purge protocols, or incorrect pacing.
LACT systems employ automated samplers paced by flow computers to collect fixed volume or
volume-proportional samples, but these devices must be calibrated and maintained to ensure
sample integrity. Poor sampling practice can render even an otherwise accurate meter ineffective

for fiscal reconciliation.
Electrical, software and data issues.

Modern LACT systems rely on electronic flow computers, digital transmitters and telemetry.
Data communication errors, software bugs, improper configuration, or cyber-event disruptions
can corrupt records or cause misreporting. Implementing redundant transmitters, robust
diagnostics, and secure communications reduces these risks and helps ensure that reported

volumes are defensible during audits and dispute resolution.

The economic consequences of measurement errors are substantial. Even small percentage
deviations can expose operators and host governments to large revenue variances.
Endress+Hauser, for example, has illustrated that a measurement error of £0.35 percent on a
60,000 barrel per day system corresponds to a loss on the order of $33,600 per day or roughly

$12.3 million per year. In the Nigerian context, widespread mis-measurement and losses from
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theft have been reported as having very large cumulative impacts, highlighting the urgency of

improving custody metering and verification practices (Endress+Hauser, 2018; Nwite, 2024).

Given the range of error mechanisms, a holistic approach to measurement assurance is required.
This approach includes appropriate meter selection, robust mechanical design to reduce solids
and entrained gas, frequent proving and calibration, strong sampling protocols, and digital
monitoring to detect anomalous behavior. Together these measures reduce uncertainty and

strengthen the fiscal accountability that LACT systems are intended to provide.

2.2 Optimizing Measurement Accuracy

Improving measurement accuracy in LACT systems requires a combination of sound equipment
selection, disciplined calibration practices, robust hydraulic and sampling design, and modern
diagnostics. Operators and designers commonly pursue a layered strategy that addresses both

hardware and operational procedures. The main approaches used in the field are described below.
Meter selection and upgrade.

One of the most effective ways to reduce measurement uncertainty is to select meters that match
the expected fluid properties and flow conditions. Traditional positive displacement and turbine
meters remain in wide use because of their mechanical simplicity and ruggedness, but they
require frequent proving and more maintenance in abrasive or fouling service. In many recent
installations, operators have moved toward Coriolis mass flowmeters or advanced ultrasonic
meters for custody transfer application. Coriolis meters have no moving parts, offer a wide
turndown, and measure mass directly, which reduces sensitivity to density and viscosity changes.
Manufacturer application notes and field experience highlight that straight-tube Coriolis designs,
such as the KROHNE OPTIMASS series, provide integrated density measurement and
diagnostics for entrained gas, improving both accuracy and operational transparency (KROHNE
Group, 2025.; Angus Measurement, 2004). Endress+Hauser also promotes Coriolis solutions for
their lower recalibration needs and robust in-service performance (Endress+Hauser, 2018). When
aging turbine meters are replaced with Coriolis units, operators often report lower lifecycle

maintenance costs and fewer volume disputes.
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Redundant metering runs.

For high throughput sites or locations with wide operating envelopes, designers commonly
install multiple parallel meter runs. Parallel runs extend the effective turndown of the metering
system and provide redundancy so that one meter can be taken offline for maintenance without
interrupting custody transfer. Parallel configurations can use multiple PD meters or a
combination of meter technologies, and the flow computer aggregates the readings to provide a
single, auditable total. This strategy is regularly applied on large skids and flow stations where

uptime and capacity are critical to commercial performance (Angus Measurement, 2004).
Frequent meter proving.

Regular proving under actual flow conditions is a core control for minimizing drift and
maintaining traceability. Industry practice and operator guidelines call for scheduled proving
using pipeline provers, piston provers, or ball provers to derive a current meter factor. Proving
frequency is determined by measurement risk, historical meter factor stability, and regulatory
requirements. Emerson and other providers emphasize that a disciplined proving program is
necessary for meter accountability and that proving data should be trended to detect slow
degradation before it becomes material (Emerson, 2017). In some high-risk applications

operators perform proving monthly or even weekly.
Temperature and pressure control.

Because custody volumes are corrected to standard conditions, accurate temperature and pressure
measurement is essential. Systems designed for high accuracy often use electronic flow
computers and digital transmitters for T and P measurement rather than older mechanical
temperature compensators. Where ambient or process temperature swings are significant, LACT
designs may include heat exchangers or temperature control loops to stabilize fluid temperature
prior to metering. Back-pressure devices and buffering volumes help to minimize short-term
pressure transients. Together, these measures reduce the magnitude of correction errors and

improve repeatability (Angus Measurement, 2004).
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Enhanced BS&W monitoring.

Accurate measurement of basic sediment and water is a critical input to net hydrocarbon volume
determination. Modern LACT stations use capacitance-based BS&W monitors or other
technologies capable of detecting low water fractions with fine resolution. Some instruments
include self-check and auto-calibration routines to maintain accuracy over extended runs.
Ensuring that BS&W monitors are properly installed and maintained prevents contaminated fluid
from reaching the custody meter and avoids costly allocation errors, especially in regions with

variable water cuts such as the Niger Delta (Angus Measurement, 2004).
Automated sampling improvements.

Representative sampling is the foundation of reliable quality measurement. Modern systems
incorporate automated samplers driven by flow computers, purge lines to prevent stagnation, and
heated return lines in cold environments to avoid wax deposition. Improved sampler design and
strict calibration routines ensure that laboratory results for density, sulfur content, and other
quality parameters are defensible. Because these laboratory results feed into allocation and
financial settlement, maintaining sample integrity is as important as keeping the meter accurate

(Angus Measurement, 2004).
Air management and separation.

Free and entrained gas present one of the most pernicious error sources for volumetric meters.
LACT designs therefore incorporate upstream degassing devices, air eliminators, and, in some
installations, flash vessels to separate gas before the meter. In applications with significant gas-
in-oil risk, manufacturers provide entrained gas management features in Coriolis meters to flag
suspect measurements and reduce the chance of undetected under-registration. Properly rated
degassing and well-engineered inlet conditions remain essential to minimize the impact of

multiphase flow on custody measurement (KROHNE Group, 2025.; Emerson, 2017).
Online diagnostics and predictive analytics.

The adoption of smart meters and digital flow computers allows operators to monitor diagnostic
parameters continuously and to detect anomalous trends before they cause significant error.

Features such as vibration monitoring, flow profile analysis, and meter factor trend analysis can
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be fed into centralized analytics or SCADA systems to support predictive maintenance.
Integrating diagnostic data with maintenance planning helps operators schedule interventions
based on condition rather than on a fixed calendar. Recent deployments of automated field
production solutions indicate that this data-driven approach is becoming acceptable practice in

regions including the Niger Delta (Energy Analytics Institute, 2025).

Upgraded instrumentation and SCADA integration. Replacing analog gauges with digital
transmitters reduces human reading errors and enables remote oversight of LACT performance.
Modern flow computers support industrial communication protocols such as HART and Modbus,
providing a secure channel for telemetry to central control rooms. In Nigeria the regulator and
industry initiatives to implement national production monitoring systems reinforce the need for
standardized electronic reporting and near real-time data transmission, which in turn drives

LACT upgrades to modern digital instrumentation (NUPRC, 2023; Nwite, 2024).
Practical outcomes.

When these optimization measures are applied together, operators can materially reduce meter
uncertainty and improve operational efficiency. Field examples and vendor case studies
document savings from meter upgrades, reduced proving frequency due to improved meter
stability, and fewer allocation disputes after BS&W automation. For operators in the Niger Delta
these optimizations promise not only technical benefits but also significant financial and
governance improvements by reducing leakages, improving revenue transparency, and lowering

the frequency of contested volumes.

2.3 LACT for Operational Efficiency

Beyond measurement accuracy, LACT systems deliver tangible gains in day to day operations.
One immediate benefit is reduced labor requirement and improved site safety. Because LACT
units operate unattended, routine manual gauging and frequent site visits are no longer necessary.
This reduces exposure of personnel to hazardous field conditions and lowers the cost of manual
measurement tasks. Emerson highlights how automated custody transfer allows operators to
schedule pipeline runs instead of relying on manual tanker loading and manual ticketing, which
improves both safety and workforce utilization (Emerson, 2017). Remote telemetry and digital

alarms further reduce the need for physical presence at remote or offshore sites.
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Automation also produces more consistent operations. PLC and SCADA logic built into LACT
skids regulate pump start and stop sequences, manage control valves, and enforce interlocks.
This control logic prevents the transient surges and human sequencing errors that can upset
upstream separation and skew meter readings. When tanks reach stable conditions the LACT can
be started or stopped remotely, which helps optimize batching and pipeline fills and increases
overall uptime. The result is smoother scheduling and fewer unscheduled interruptions to

custody transfer.

Integrated, real time data is another major efficiency lever. Flow rate, cumulative totals, BS&W,
temperature and pressure are routinely streamed into production management systems. In Nigeria
the regulator is building a national production monitoring system to centralize this kind of
information, and operators are being encouraged to report electronically in near real time
(NUPRC, 2023). That integrated data supports immediate operational decisions such as
sequencing of shipments, prioritizing proving runs, and scheduling maintenance. It also improves
inventory control and fiscal reporting downstream, because accounting teams can reconcile

volumes far more quickly and with higher confidence.

Maintenance efficiency improves when LACT systems include diagnostics and condition based
monitoring. Smart meters and flow computers provide alarms for vibration, flow profile changes,
and deviating meter factors. These signals enable predictive maintenance practices where
interventions are scheduled on condition rather than on a fixed calendar. In practice this reduces
unnecessary preventive work and shortens mean time to repair, while lowering the risk of
unexpected shutdowns. Operators increasingly pair these diagnostics with maintenance

management systems to close the loop from anomaly detection to work order completion.

Optimized LACT operation can also reduce energy use and direct operating costs. Pumps are run
only when required and control logic limits over-pumping into tanks, which saves power and
avoids costly spill or overpressure events. Reduced manual handling also cuts administrative
overhead and the cost of sample transport and laboratory testing when remote automation returns

higher quality, representative samples.

Finally, the trend toward digital oilfield technologies is accelerating LACT efficiency gains.
Cloud based monitoring and virtual sensor concepts have been proposed and piloted for LACT

parameters, where virtual sensors emulate or fill gaps in field instrumentation and feed a cloud
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repository for centralized analysis (IJAEM, 2021). Such architectures enable fleet level anomaly
detection, benchmarking across multiple skids, and rapid roll out of analytic updates. In the
Niger Delta region this digital shift is already visible in recent automation deployments and pilot
projects, and it promises to centralize detection of meter drift, leak events and operational
nonconformities so they can be corrected faster and more uniformly (Energy Analytics Institute,

2025; NUPRC, 2023).

Taken together, these operational advantages make LACT systems more than simple
measurement hardware. They become nodes in a wider production intelligence network that
improves safety, increases throughput reliability, lowers operating cost, and strengthens the

integrity of reported production figures.

2.4 The Niger Delta Context

The Niger Delta region poses distinct operational and governance challenges that shape how
Lease Automatic Custody Transfer systems are designed, operated, and optimized. As Nigeria’s
principal oil producing province, the Delta generates the bulk of the country’s export crude and
therefore represents a focal point for revenue assurance. At the same time the region has long
suffered from chronic crude theft and metering irregularities, which materially reduce
recoverable revenue and complicate production accounting. Recent reporting suggests that losses
on the order of tens of millions of barrels occurred over short time horizons, which in turn
prompted federal action to strengthen metering and monitoring across the Delta (Nwite, 2024).

These pressures make robust and tamper resistant LACT installations a national priority.

The policy and regulatory environment reinforces that priority. The Nigerian Upstream
Petroleum Regulatory Commission has issued updated guidelines for the design and operation of
production facilities and has emphasized the need for certified fiscal metering and routine
proving of custody transfer equipment (NUPRC, 2023). The regulator is also deploying a
National Production Monitoring System to centralize and validate production data reported by
operators in near real time. These reforms require LACT systems to support telemetry,
standardized data formats, and frequent verification so that volumes reported from lease to
export terminals can be audited effectively (NUPRC, 2023). The federal government has
supported these measures with a targeted metering initiative to upgrade dozens of flow stations,

reflecting a policy push to reduce losses and improve transparency (Nwite, 2024).
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Field conditions in the Niger Delta amplify the technical demands on LACT systems. Many flow
stations sit in swampy, remote locations or on small offshore islands with limited grid power and
difficult logistics. High humidity and saline atmospheres accelerate corrosion, while the
prevalence of sand, biological fouling and wax build-up increases the risk of meter wear and
sampler blockage. Some reservoirs and processing trains also present high gas-in-oil ratios or
high and variable water cuts. These realities require LACT skid designs that emphasize
reliability and maintainability. Common responses include the specification of explosion-proof
enclosures, use of corrosion resistant materials, redundant critical instruments, easily serviceable
strainers and filters, and provision for local power backup via generators or solar systems.
Remote health monitoring and robust telemetry reduce the frequency of hazardous site visits and

support timely maintenance planning.

Local operator experience also demonstrates practical solutions and design choices adapted to
Niger Delta conditions. For example, Elcrest Exploration and Production installed a high
capacity LACT skid at the Otumara flow station, configured with multiple parallel meter runs
and integrated auto-sampling and BS&W monitoring to sustain high throughput while retaining
redundancy for maintenance operations (Elcrest Exploration & Production, 2025.). Multi-run
designs like this increase turndown capacity and reduce single point failure risk by allowing an

individual metering train to be taken offline without interrupting custody transfer.

The Nigerian industry is also beginning to adopt modern digital production tools that interact
with LACT data. Recent deployments of automated field production solutions indicate that meter
outputs are being integrated into broader production automation platforms for centralized
monitoring and analytics (Energy Analytics Institute, 2025). These solutions make it possible to
correlate meter factors, proving results, BS&W trends and separator performance across multiple
assets. For the regulator this integration supports the National Production Monitoring System by
providing more frequent, higher quality data feeds that improve auditability and reduce

opportunities for diversion.

Water management remains a practical constraint with strong implications for LACT
performance. Several Niger Delta reservoirs present high and variable water cuts, which require
sensitive BS&W monitoring, appropriate sampler placement, and periodic verification using

laboratory analysis or advanced inline techniques. Operators have been evaluating higher

33



resolution BS&W probes and spectroscopic or microfluidic methods to detect and quantify small
water fractions rapidly. Improved water management reduces the frequency of false diversions,
lowers meter degradation from entrained water, and improves the defensibility of measured

hydrocarbon volumes.

Finally, stakeholder scrutiny from regulators, joint venture partners and international auditors has
increased the impetus for robust fiscal metering. Metering audits, cargo tracking initiatives and
public reporting push operators to adopt best practices in LACT operation and to document
proving, calibration and maintenance activities in a manner that withstands third party review
(NUPRC, 2023; Nwite, 2024). In combination, the regulatory reforms, difficult field conditions
and the scale of potential revenue recovery create a strong economic case for optimizing LACT
systems in the Niger Delta. Improvements in accuracy and automation here deliver direct

financial returns and strengthen broader governance of the petroleum sector.
2.5 Case Studies

2.5.1 Eagle Ford Shale (USA)

A major operator in Texas’s Eagle Ford Shale addressed significant measurement and loss issues
by upgrading to small truck-mounted LACT systems. The previous practice relied on manual
truck loading and tank gauging, which proved vulnerable to fluctuating tank levels, hydrogen
sulfide risks, and human error during ticketing and sampling. To reduce these risks the operator
installed compact LACT skids equipped with Coriolis mass flowmeters, automated basic
sediment and water probes, and integrated flow computers that controlled sampling and recorded

transaction data.

The technical upgrade focused on providing a stable, single-phase measurement stream for each
loading event, automating sampler pacing and handling, and capturing an auditable, electronic
record for every transfer. Coriolis meters were chosen for their direct mass measurement
capability and for the diagnostic data they provide about flow stability and entrained gas.
Automated BS&W monitoring and sampler automation reduced the chance that poor quality
fluid would be recorded as saleable oil. The flow computer centralized these signals and
eliminated much of the manual ticketing and data-entry that had previously caused accounting

differences.
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According to the project case study, these changes produced large financial and operational
benefits. Emerson reported that the upgrade delivered roughly twenty million dollars per year in
improved volume accountability when valued at about ninety dollars per barrel. The project
eliminated routine shrinkage associated with manual loading and ticketing, which the case study
quantified as three to seven barrels lost per truckload under the old manual process. The digital
record keeping and automated sampling also substantially reduced reconciliation time and the
incidence of billing disputes. In addition, the operator experienced lower operating costs from

reduced manual labour and fewer corrective interventions.

This example illustrates how a focused LACT modernization, combining appropriate meter
technology with automated sampling and electronic flow computers, can deliver immediate fiscal
benefits and smoother operations. For operators in other regions, including the Niger Delta, the
Eagle Ford case provides a practical model showing that modest capital investment in LACT
hardware and controls can yield rapid payback through recovered volumes, lower operating

expense, and fewer commercial disputes (Emerson, 2015).
2.5.2 Chile and Peru — ENAP (1999)

In 1999, the state oil company ENAP implemented an onshore LACT installation that used dual
Coriolis meters arranged in series to strengthen traceability to calibration standards. By operating
two Coriolis meters and cross checking measured density against independent calculations,
ENAP sought to eliminate systematic bias and to provide mutual verification between
instruments. The project i1s notable as an early example in Latin America of using Coriolis
technology for custody service, emphasizing the meter type’s intrinsic stability and its ability to
supply both mass flow and inline density for quality control. Although the published summary is
brief, the ENAP work illustrates the practical benefit of redundant, high-integrity metering in

reducing measurement uncertainty (Moldes, 2004).
2.5.3 Nigeria — Elcrest Otumara (OML-40)

Elcrest Exploration and Production’s Otumara flow station provides a recent Nigerian example
of a high capacity LACT installation designed for throughput and resilience. The Otumara skid is
reported to handle up to 55,000 barrels per day and is configured with three parallel positive

displacement metering runs to spread the flow and provide redundancy. Multi-run arrangements
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of this kind allow operators to perform maintenance on a single metering train without
interrupting custody transfer and they increase the effective turndown of the station. The
Otumara design also integrates automatic sampling and BS&W monitoring, which supports
faster reconciliation and reduces the need for manual interventions. Local implementations such
as this typically incorporate SCADA and remote telemetry to centralize alarms, proving data and
production totals for quicker verification and reporting (Elcrest Exploration & Production, 2025.;

Angus Measurement, 2004).
Nigeria — National Metering Initiative and Regulatory Modernization

On the policy front, the Nigerian government and regulator have signaled an intensified effort to
modernize fiscal metering across the Niger Delta. In 2024 the Federal Executive Council
approved a metering initiative valued at roughly twenty one million dollars to meter one hundred
and eighty seven flow stations, reflecting a concentrated program to upgrade or install LACT and
tank metering at key locations. This national push aims to reduce losses from theft and mis-
measurement and to feed standardized production data into a central repository for oversight.
The initiative complements the Nigerian Upstream Petroleum Regulatory Commission’s updated
guidelines and the rollout of the National Production Monitoring System, which together require
certified fiscal metering, routine proving and near real time data reporting. If fully implemented,
the program will create a network of modern metering points that greatly improves aggregate

transparency and strengthens auditability of reported volumes (Nwite, 2024; NUPRC, 2023).

2.6 Technical Advances and Practices

Advanced Flowmeters:

Beyond Coriolis technology, LACT designers are evaluating larger capacity ultrasonic meters for
custody service, including multiple-path ultrasonic designs that can handle high flow rates with
negligible pressure drop. These ultrasonic options remain relatively expensive, but they offer an
attractive alternative in large-bore applications where low pressure loss or minimal maintenance
is required. Coriolis meters remain the prevalent advanced choice because they directly measure
mass, provide inline density and diagnostic data, and are relatively insensitive to viscosity
changes. Vendor application notes and field guidance highlight the benefits of straight-tube

Coriolis designs for custody transfer, particularly their ability to measure mass accurately across
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varying viscosities and to provide entrained gas diagnostics that support measurement integrity
(KROHNE Group, 2025.; Angus Measurement, 2004; Endress+Hauser, 2018). Smart positive-
displacement and new helical turbine designs also continue to evolve and offer improved

turndown and on-board sensing for condition monitoring.
2.6.1 Master and Composite Metering:

In some field architectures where multiple wells are commingled prior to export, operators adopt
master or composite metering strategies. A reduced set of high accuracy, centrally located meters
can measure the total flow and allocation algorithms distribute volumes to contributing wells.
This approach reduces the number of individual LACT skids required, but it increases the
reliance on sound allocation methods and uncertainty analysis. Early applied research on
allocation using mass flowmeters indicates that uncertainty-based allocation must be carefully
applied and validated to avoid introducing systemic bias into well level accounting (Liu,

Canfield & Conley, 1988; Iwegbu & Appah, 2007).
Hydraulic Design:

Proper hydraulic design remains central to reliable custody metering. Engineers optimize piping
and skid layout to preserve sufficient straight runs upstream and downstream of the meter, to
avoid two phase flow in the meter run, and to provide effective sample and purge paths.
Common features include sloped drip legs to collect free liquids, slow return loops for sampled
fluids, and bias control valves to maintain steady operating points. The physical positioning of
spool pieces and proving valves is also planned so that proving can be performed safely and
without disturbing measurement. These design choices are documented in standard LACT design

references and are part of best-practice checklists used by operators (Angus Measurement, 2004).
Instrumentation Synergy:

A modern LACT skid is a suite of instruments rather than a single meter. Pressure and
temperature transmitters for volume correction, level indicators for tank management, H-S
detectors for safety, flow totalizers and BS&W monitors for quality all work together to produce
a defensible custody record. Many installations now adopt digital outputs and industrial
communications to the local PLC so that all signals are logged and time stamped for audit and

diagnostics. The Nigerian regulator’s guidance on production monitoring also points to the need
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for standardized data capture and centralized repositories, which encourages instrument designs

that facilitate database feeding and future analytics (NUPRC, 2023).
Flow Computer Integration:

Flow computers are the computational center of a LACT system. Contemporary devices
implement the required standard equations for volume correction, support multiple proving
records, and offer alarm and interlock functions such as phase separation or over-range
conditions. They also pace automated samplers and provide local historian capabilities for
proving and meter factor trend analysis. Integration of flow computers with SCADA or
distributed control systems enables centralized alerting for re-proving schedules and makes the

proving history available for trend-based maintenance planning (Angus Measurement, 2004).
Power and Survivability:

Remote and offshore LACT installations place a premium on resilient power and survivability
features. To mitigate unreliable grid power, many designs now include UPS, battery backups, or
solar-assisted power systems for essential instrumentation and telemetry. Components and
enclosures are specified for corrosive and humid environments with appropriate ingress
protection and thermal management strategies. Routine checks of batteries, UPS health and local
power sources are now part of standard maintenance regimes to prevent data loss and protect the

integrity of the custody record.
Corrosion and Fouling Mitigation:

Materials selection and proactive cleaning strategies reduce the risk of meter degradation. Use of
corrosion-resistant materials such as 316L stainless steel, duplex alloys or suitable coatings can
extend service life in saline or highly corrosive crude environments. Pigging, chemical cleaning
and upstream filtration reduce solids and particulates that cause abrasion. Inline strainers,
coalescers and properly designed separators are commonly installed ahead of metering to lower

maintenance demands and preserve meter accuracy (Angus Measurement, 2004).
Training and Procedures:

Technical upgrades alone are insufficient without human systems to support them. Operators

complement mechanical and electronic improvements with formal training programs on LACT
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operation, meter proving, and the API measurement standards. Structured checklists for start-up,
shutdown and product switching reduce the chance of procedural errors. Regular internal audits,
and compliance inspections by regulators or joint venture partners, ensure that sampling, proving
and valve sequencing procedures are followed and documented. This combination of people,

process and technology forms the foundation of long term measurement assurance.

2.7 Challenges

2.7.1 Electricity and telemetry gaps

Reliable power and communications remain fundamental constraints for many LACT
installations in the Niger Delta. Frequent mains outages, limited local grid reach, and the high
cost of continuous fuel for generators force operators to accept degraded telemetry or even
manual fallback modes that reduce measurement oversight. Practical mitigation includes hybrid
power designs that combine solar arrays with battery storage and compact generator backups to
keep critical instrumentation and telemetry online. On the communications side, low-power
wide-area networks and satellite links offer realistic paths to extend secure, always-on
connectivity to remote skids. Implementing resilient power and communications reduces the
chance that a LACT unit will lapse into a lower integrity operating mode while the site awaits a

technician visit.
2.7.2 Security of equipment

Physical and electronic security are constant concerns for field metering. LACT skids contain
valuable electronics and are a potential target for tampering aimed at misreporting volumes.
Basic defenses include locked meter shelters, tamper-evident seals on critical valve and prover
access points, CCTV coverage, and alarmed perimeter fencing. On the electronic side, secure
telemetry, encrypted data links, and role-based access control to SCADA and flow computer
settings reduce the risk of unauthorized changes. Every breach of a custody metering site
undermines trust in the reported volumes, so investment in layered security measures is essential

to preserve fiscal integrity.
2.7.3 Regulatory compliance

Regulatory frameworks are tightening, and designers must plan LACT systems that satisfy

evolving certification and reporting requirements. In Nigeria the regulator has been issuing
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updated guidance and pushing for certified fiscal metering and routine proving, and the
government’s metering initiative signals stronger enforcement around verified measurement
(NUPRC, 2023; Nwite, 2024). Designers and operators therefore need to adopt equipment and
data standards that support auditable, time-stamped records and standardized reporting formats
so that meters and their historical proving records are defensible in regulatory and commercial

reviews.
Digital integration

True optimization will come from integrating LACT telemetry and diagnostic data into broader
production and reservoir systems. When flow, quality and proving data are joined with well
performance and reservoir models, operators can make scheduling decisions that both protect
measurement integrity and improve recovery. Automated platforms that centralize metering
signals, apply anomaly detection algorithms, and recommend operational responses are already
emerging in the industry. Initiatives that deploy integrated production automation hint at how
LACT data will become part of a larger production intelligence fabric (Energy Analytics
Institute, 2025).

New meter technologies

Research and product development continue to expand the metering toolkit. Emerging options
include smaller MEMS-based sensors for inline density and viscosity measurement, low-
radiation nuclear densitometers for redundant density checks, and guided-wave ultrasonic
devices for pipeline verification. These technologies promise additional redundancy and different
physical measurement principles that can corroborate primary meters, reducing single-instrument
risk. Careful field validation is required before widespread adoption, particularly in harsh

environments where sensor fouling and calibration drift are real concerns.
Sustainability and safety

Operators are increasingly conscious of how custody transfer systems interact with
environmental and safety outcomes. Enclosed meter skids with vapor recovery systems, leak
detection sensors and improved secondary containment reduce fugitive emissions and spill risk.

Control logic that prevents pump overrun or overfilling of tanks mitigates spill events and limits
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product loss. Designing LACT layouts to minimize maintenance visits also reduces the carbon

and safety cost of logistics in remote locations.

Globally, the digitization trend points to software driven optimization as much as hardware
change. Cloud monitoring, fleet level anomaly detection and mobile dashboards for field
engineers will become standard tools for maintaining measurement integrity at scale. In Nigeria,
regulators and industry actors are actively exploring how these tools can be applied to reduce
cost per barrel and to make national production reporting more trustworthy (NUPRC, 2023). The
combination of resilient field power and telemetry, stronger security, regulatory alignment, and

integrated analytics forms the practical road map for future LACT optimization.

Optimizing Lease Automatic Custody Transfer units is a multidisciplinary effort. It requires
advanced hardware (meters, sensors, analyzers), robust design (piping, control logic), and precise
procedures (proving, calibration, sampling). When well-executed, LACT optimization yields
tangible benefits: strict adherence to accuracy standards (often +0.25% or better), reduced
operating costs, enhanced safety, and greater revenue integrity. In the Niger Delta, where
measurement errors and theft have historically exacted huge economic tolls, improving LACT
systems is especially critical. Recent Nigerian initiatives — from massive metering upgrades to
automated field solutions — underscore a national commitment to leverage LACT technology for

efficiency and accountability.

Ultimately, a well-optimized LACT balances measurement precision and operational
practicality. It combines high-performance flowmeters (e.g. Coriolis) with smart automation
(real-time monitoring, diagnostics) and strong organizational practices (training, maintenance).
By integrating global best practices (Emerson, Krohne, industry case studies) with local needs
(Niger Delta environment and regulations), operators can achieve a custody transfer system that

is both accurate and efficient, safeguarding the value of every barrel produced.

2.8 Advancements and Historical Perspectives in LACT System Development

The evolution of Lease Automatic Custody Transfer (LACT) systems has attracted considerable
scholarly and industrial attention, particularly with respect to their design, training applications,
maintenance, and large-scale implementation. A notable recent contribution is the work by

Montoya, Pillajo, and Ortiz (2020), who introduced a three-dimensional augmented reality (AR)
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application aimed at training operators in LACT unit processes. Their study outlined how CAD-
based modeling of LACT equipment, combined with Unity 3D visualization, enabled an
interactive training environment. By incorporating dynamic process variables such as pressure,
temperature, and flow, the AR system provided trainees with a realistic, simulation-driven
experience. This research highlights how immersive technologies can strengthen workforce

preparedness while reducing training risks in live operations.

Earlier studies from the 1960s provide foundational insights into LACT design and operational
practices. Zaba (1962) documented the rapid acceptance of LACT systems within six years of
their introduction, emphasizing their role in reducing storage facility costs and enabling
consolidation of field operations. His paper traced the progression of LACT design toward
simpler, more cost-effective units that maintained functionality while lowering investment and
maintenance burdens. Around the same period, Bailey (1962) addressed the critical issue of
maintenance, underscoring that poor specification and inexperienced handling of LACT units
contributed significantly to rising costs. His recommendations stressed unit simplicity and

thoughtful component selection as central to reducing long-term maintenance expenditures.

Another important milestone was captured by Mathis (1964) in his discussion of the Scurry Area
Canyon Reef Operators Committee (SACROC) field. He described the large-scale
implementation of LACT units within a consolidated production system that served more than
40,000 barrels of oil per day. The deployment of twelve central LACT stations not only
improved operating efficiency but also reduced atmospheric losses, minimized above-ground oil
storage, and enabled recovery of tank vapors previously wasted. This study demonstrated how
centralization of facilities, coupled with automatic custody transfer technology, could achieve

both economic and environmental benefits.

Taken together, these works illustrate the trajectory of LACT system development. From early
engineering designs and maintenance considerations to modern AR-based operator training,
research continues to expand both the operational efficiency and measurement accuracy of these
systems. The integration of emerging digital tools with proven engineering practices suggests
that future optimization of LACT units will rely on balancing technological innovation with

practical field experience.
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3.0 METHODOLOGY

CHAPTER THREE

This chapter details the comprehensive methodological framework adopted to investigate

strategies for optimizing Lease Automatic Custody Transfer (LACT) systems. The research

employs a dual-modeling approach, utilizing two distinct analytical frameworks to address

different aspects of LACT system performance. The first framework involves a meter drift

simulation and financial impact analysis to evaluate the efficacy of various proving strategies.

The second framework utilizes machine learning predictive modeling to identify optimal

operating conditions that maximize flow rate. This multi-pronged methodology ensures a holistic

examination of LACT optimization, addressing both measurement accuracy and operational

efficiency within the specific context of the Nigerian oil and gas sector.

Table 3.1: Sample of the LACT Unit Dataset

S | Min_ | Curren | Max_ | Min | Curre | Max | Min_ | Curre | Max_ | API | Sand
r | Flowr |t Flow | Flowr | Pre | nt Pr | Pre | Temp | nt Te | Temp | Gr | Wat
_ | ate_B | rate_ B | ate B | ssur | essure | ssure | eratu | mpera | eratu | avit | er_Pe
N|BLH |BLHR |[BLH |e PS| PSI | PSI |re F |ture F [re F |y 60 | rcent
o |R R I F

1 | 100 596 1000 | O 75.2 300 |0 91.2 300 43.5 10.05
2 | 100 580 1000 | O 76.3 300 (O 92.1 300 43.5 | 0.05
3 | 100 680 1000 | O 75.3 300 |0 91.6 300 43.5 10.05
4 | 100 655 1000 | O 75.2 300 |0 91.5 300 45.8 |0.05
5 1100 652 1000 | O 75.6 300 (O 91.6 300 43.8 | 0.05
6 | 100 632 1000 | O 76.1 300 |0 91.5 300 43.6 | 0.05
7 | 100 623 1000 |0 76.3 300 |0 91.8 300 43.5 10.05
& | 100 598 1000 | O 76.2 300 |0 91.9 300 43.6 | 0.05
9 | 100 569 1000 | O 76.5 300 |0 92.1 300 43.8 10.05

1 | 100 578 1000 |0 76.1 300 |0 93.2 300 43.8 |0.05
0

1 | 100 600 1000 | O 76.5 300 |0 93.1 300 43.8 10.05
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1
1 100 598 1000 |0 76.1 300 |0 93.4 300 43.8 | 0.05
2
1 | 100 586 1000 0 75.9 300 |0 92.4 300 43.6 | 0.05
3
1 100 568 1000 |0 75.8 300 |0 92.8 300 43.5 10.05
4
1 | 100 612 1000 0 75.6 300 |0 93.2 300 43.6 | 0.05
5
1 100 586 1000 |0 75.7 300 |0 92.4 300 43.8 | 0.05
6
1 100 628 1000 |0 75.9 300 |0 92.8 300 43.5 10.05
7
1 | 100 576 1000 0 76.2 300 |0 93.2 300 43.5 | 0.05
8
1 100 575 1000 |0 76.1 300 |0 92.1 300 45.8 |0.05
9
2 1100 574 1000 |0 76.5 300 |0 91.6 300 43.8 | 0.05
0
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Figure 3.0 -3.4: Statistical distribution of LACT Parameters (Flowrate, pressure, temperature
and API gravity)

3.2 METER DRIFT SIMULATION METHODOLOGY

3.2.1 Data Acquisition and Preprocessing

The foundation of this research is built upon primary operational data collected from an active
LACT unit in Port Harcourt, Nigeria. The dataset comprises fifty consecutive operational records
capturing critical performance parameters including flow rates (minimum, current, and
maximum values in BBL/HR), pressure parameters (minimum, current, and maximum operating
pressures in PSI), temperature parameters (minimum, current, and maximum values in °F), and
essential fluid properties such as API gravity at 60°F and sediment-water percentage. To ensure
data integrity and reliability, comprehensive quality control measures were implemented
throughout the acquisition process. These measures included completeness verification to
identify any missing values, range validation to confirm all parameters fell within physically
plausible limits, consistency analysis to examine logical relationships between different
parameters, and statistical screening to identify and address potential outliers that could skew

analytical results.

The data preparation phase involved transforming the raw dataset into a structured format
suitable for computational analysis and modeling. This transformation was achieved through the
creation of pandas DataFrames, which enabled efficient data manipulation and calculation of
derived metrics necessary for comprehensive analysis. Temporal assumptions were normalized to

establish consistent daily operational patterns, and the dataset was organized to facilitate both
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statistical characterization and dynamic simulation. This meticulous preprocessing ensured that
the empirical foundation of the research accurately reflected real-world operating conditions

while maintaining the integrity required for rigorous analytical treatment.

3.2.2 Baseline Performance Analysis

Following data preparation, a comprehensive baseline performance analysis was conducted to
characterize the LACT unit's operational profile and establish reference metrics for evaluating
optimization strategies. Descriptive statistical analysis formed the core of this phase, employing
measures of central tendency including mean and median values, dispersion metrics such as
standard deviation, range, and coefficient of variation, distribution analysis through histogram
examination, and stability assessment to evaluate operational consistency across the entire
dataset. This statistical characterization provided crucial insights into the typical operating
envelope of the LACT unit and identified patterns of variation that could impact measurement

accuracy and system performance.

Meter Drift Simulation

Data Prep
50 LACT Records
Port Harcourt
Il

QA/QC
Checks & Validation

1
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Every 91 days Every 30 days
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|
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Figure 3.1: Flowchart of Meter Drift Simulation
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Production economics were calculated to establish baseline financial metrics that would
contextualize the potential impact of optimization strategies. These calculations included daily
production volume derived from average flow rate multiplied by 24 hours of continuous
operation, annual production estimates through extrapolation to 365-day operation, revenue
calculations using a benchmark crude oil price of $80 per barrel, and the establishment of
reference financial performance against which optimization benefits could be measured.
Concurrently, operational pattern analysis identified key characteristics including flow rate
variability and its implications for meter performance, pressure and temperature stability
assessment, evaluation of API gravity variations and their impact on measurement accuracy, and
identification of typical operating ranges and boundary conditions that would inform the

simulation parameters.

3.2.3 Computational Modeling and Simulation Framework

The core of the research methodology involved developing a sophisticated computational
modeling and simulation framework to quantitatively evaluate the impact of meter calibration
drift and the effectiveness of various optimization strategies. The mathematical foundation of this
framework was built upon meter drift factors that increase linearly over time, where reported
flow rates systematically deviate from actual flows in proportion to elapsed time and
predetermined drift rates. This relationship was formalized through mathematical equations that
calculated volume errors and subsequent financial impacts, creating a robust basis for comparing

different intervention strategies under consistent conditions.

Daily Drift Increment Calculation:

WeeklyDriftRate
7 -
Where Weekly Drift Rate = 0.001 (representing 0.10% drift per week)

Dailyp,ife = ver vee e Equation 3.1

Cumulative Drift Factor at Time t:
Driftractorty = Dailyprife X t .o e v wee oo Equation 3.2

Where t = elapsed time in days since last proving

Reported Flow Rate with Drift:
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Reportedpow(r)

= Actualpop) X (1 + DriftFactor(t)) vr e e e e e e e e EQUation 3.3

Daily Volume Error Calculation:
Daily Volume_Error(t) = [Reported_Flow(t) — Actual_Flow(t)] X 24
.................. Equation 3.4

Financial Impact Quantification:

DailyFinanciallmpact(t) = DailyVolumeErmr(t) X Oilpyice e wer wee een e . Equation 3.5

The simulation model incorporated four distinct proving strategies for comparative evaluation:
current industry practice characterized by a single annual proving event, quarterly proving
implemented every 91 days, monthly proving conducted every 30 days, and predictive proving
triggered conditionally when measurement error reached a predefined 0.25% threshold. Realistic
operational constraints were systematically integrated into the model, including a 365-day
temporal scope to capture annual performance patterns, linear drift progression based on
established turbine meter specifications, Nigeria-specific proving economics accounting for local
service costs of approximately $8,000 per event, continuous 24/7 operation with flow variations
sampled directly from field data distributions, and standardized financial parameters to ensure

consistent economic evaluation across all scenarios.

3.2.4 Optimization Strategy Evaluation

The optimization strategy evaluation phase employed a comprehensive performance metrics
framework spanning multiple dimensions of system performance. Financial dimensions included
total volume discrepancy in barrels per year, gross and net financial impact in monetary terms,
and return on investment calculations for each optimization strategy. Operational dimensions
encompassed proving frequency and associated downtime implications, measurement error
statistics including average and maximum daily errors, and implementation complexity
assessments. Technical dimensions focused on accuracy improvement percentages, system
reliability enhancements, and maintenance requirement changes, providing a holistic view of

each strategy's potential impact.

Systematic comparison of optimization strategies was conducted through multiple analytical

approaches, including head-to-head financial impact analysis to directly compare monetary
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outcomes, cost-benefit assessment evaluating proving costs against error reduction benefits,
sensitivity analysis testing strategy robustness across different operational scenarios, and
practical implementation feasibility evaluation considering real-world constraints. Each strategy
was further assessed against specific Nigerian operational realities, including infrastructure
compatibility with existing LACT unit capabilities, technical skill requirements for successful
implementation, regulatory compliance with NUPRC requirements and standards, and economic

viability based on Nigerian cost structures and prevailing oil market conditions.

3.2.5 Analytical Implementation and Validation

The analytical implementation utilized a robust computational framework based on Python 3.8+
programming environment, employing specialized libraries including Pandas for sophisticated
data manipulation, NumPy for numerical computations and array operations, Matplotlib and
Seaborn for comprehensive visualization, and SciPy for advanced statistical analysis. Structured
object-oriented programming principles were employed through custom computational classes
specifically designed for this research, including LACTAnalysis for core data handling
methodologies, simulation engines for meter drift modeling and scenario testing, visualization
modules for automated chart generation and reporting, and optimization evaluators for

systematic strategy comparison and recommendation development.

Research transparency and reproducibility were ensured through multiple validation
mechanisms, including modular code architecture that separated data processing, analysis, and
visualization components, explicit parameterization of all assumptions and input variables,
comprehensive documentation through in-line code comments and methodological notes, and
multiple validation checks throughout the analysis pipeline to verify intermediate and final
results. Ethical considerations were addressed through anonymization of specific field and
operator identification, aggregation of sensitive operational details to maintain confidentiality,
compliance with academic data use standards, and explicit statement and justification of all
modeling assumptions based on manufacturer specifications, industry literature, and empirical

field data patterns.

3.2.6 Methodological Limitations and Scope

The methodology acknowledges specific limitations that bound the research findings, including a

one-year temporal scope that may not capture longer-term performance trends, fixed parameter
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assumptions for oil price and proving costs that may vary in actual operations, specific focus on
turbine meter characteristics that may not fully represent other meter technologies, and daily
aggregation of operational parameters that may obscure shorter-term variations. The research
scope is deliberately delineated to focus specifically on measurement accuracy optimization
through proving strategies, financial impact quantification in measurable terms, Nigerian onshore
LACT operations with their unique challenges, and turbine meter performance characteristics as

the most prevalent technology in the region.

This comprehensive methodology provides a rigorous framework for evaluating LACT
optimization strategies through data-driven modeling that balances theoretical sophistication
with practical applicability. By integrating actual field data from Nigerian operations with
computational simulation and contextual adaptation, the approach ensures that findings are both
academically sound and immediately relevant to operational decision-making. The multi-phase
structure facilitates systematic progression from raw data analysis through to actionable
recommendations, providing a replicable framework for similar optimization challenges in the
oil and gas industry while maintaining appropriate balance between technical feasibility,

financial viability, and operational practicality in the challenging Nigerian context.
3.3 Methodology for Machine Learning Model

3.3.1 Data Collection

Data for this study was obtained from an operational Lease Automatic Custody Transfer (LACT)
unit located in Port Harcourt, Rivers State, Nigeria. The dataset comprised fifty (50) records of
key operational parameters routinely monitored during crude oil transfer. The measured variables
included flow rate (bbl/hr), operating pressure (psi), temperature (°F), API gravity at 60 °F, and
percentage sediment and water (S&W). Each record represented a snapshot of the unit’s
performance under varying conditions of field operation. These measurements served as the

empirical foundation for model development and subsequent optimization analysis.

3.3.2 Data Preparation and Pre-Processing

The collected dataset was first organized into a structured Excel format. Descriptive statistical
analysis was conducted to establish the minimum, maximum, and average values of each

variable. Scatter plots and histograms were used to visualize the distribution and variability of
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operating conditions. Correlation analysis was then performed to identify linear relationships
between flow rate (the dependent variable) and the independent parameters (pressure,

temperature, API gravity, and S&W content).

Data pre-processing also included consistency checks to ensure there were no missing or
erroneous values. Since the percentage S&W content remained nearly constant across all records
(0.05%), it was retained in the dataset for completeness but was expected to contribute minimally

to model prediction.

3.3.3 Model Development

Two regression-based machine learning models were employed to capture the relationship

between flow rate and operating conditions:

1. Linear Regression (LR): This model served as a baseline for quantifying linear

dependencies.

2. Random Forest Regression (RF): An ensemble learning method was chosen to capture

possible non-linear interactions between operating parameters and flow rate.

The dataset was partitioned into training (80%) and testing (20%) subsets using random
sampling. Both models were trained on the training set, and performance was evaluated on the
test set using root mean squared error (RMSE) and coefficient of determination (R?). The
Random Forest model also provided feature importance rankings, enabling interpretation of the

relative influence of pressure, temperature, and API gravity on flow prediction.
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Figure 3.2: Flowchart for Methodology of Machine learning Model

3.3.4 Model Evaluation

The performance of the two models was compared quantitatively. The Linear Regression model
provided a baseline but exhibited moderate predictive accuracy due to the presence of non-linear
relationships in the data. The Random Forest model demonstrated superior performance,
achieving higher R? values and lower RMSE. Feature importance analysis revealed that
operating pressure and API gravity were the most significant drivers of flow variability, followed

by temperature. The sediment and water percentage had negligible influence, as expected.
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3.3.5 Optimization

After establishing the Random Forest model as the more robust predictor, the trained model was
applied to identify operating conditions that maximize flow rate. A grid search approach was
employed, systematically varying operating pressure, temperature, and API gravity within their
observed ranges. For each parameter combination, the Random Forest model predicted the
corresponding flow rate. The results were ranked, and the top-performing operating conditions

were identified as optimal operating windows.

This optimization procedure allowed the study to recommend practical adjustments to LACT
operations that could enhance throughput without compromising measurement integrity. The
methodology ensures that recommendations remain grounded in observed data ranges, avoiding

unrealistic or unsafe operating conditions.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Analysis of Baseline Operational Performance

The comprehensive analysis of operational data from the Port Harcourt LACT unit revealed
critical insights into the system's performance characteristics under typical Nigerian operating
conditions. The descriptive statistics, summarized in Table 4.1, demonstrate that the LACT unit
operates with considerable flow rate variability, ranging from 549 to 680 BBL/HR with an
average throughput of 595.50 BBL/HR. The coefficient of variation of 4.49 percent indicates
moderate flow instability, which has significant implications for measurement accuracy and

system optimization.

Table 4.1: Baseline Operational Parameters of Port Harcourt LACT Unit

Average Operational Standard Coefficient of
Parameter

Value Range Deviation Variation
Flow Rate

595.50 549-680 26.72 4.49%
(BBL/HR)
Pressure (PSI) 76.03 75.2-76.8 0.38 0.50%
Temperature (°F) 92.36 91.2-93.5 0.52 0.56%
API Gravity

43.78 43.5-45.8 0.42 0.96%
(°API)

The correlation analysis, as presented in the correlation matrix, reveals important relationships
between operational parameters. The heatmap visualization in Figure 4.1 clearly demonstrates
that current pressure shows a moderate negative correlation with flow rate (-0.402), indicating

that lower pressure conditions generally correspond with higher flow rates within the operational
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envelope. This relationship aligns with fundamental fluid dynamics principles where reduced

system backpressure can enhance flow characteristics under certain conditions.

The correlation matrix further shows weak relationships between temperature and flow rate (-
0.067) and between API gravity and flow rate (0.123), suggesting these parameters have
secondary influences on flow performance compared to pressure. The minimal correlation
between pressure and temperature (0.141) indicates these variables operate relatively
independently within the system, providing separate control dimensions for optimization. These
correlation findings provided crucial guidance for feature selection in the subsequent machine

learning modeling phase.
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Figure 4.1: Heatmap showing correlation matrix of LACT Parameters.
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4.2 Meter Drift Simulation Results

4.2.1 Financial Impact of Calibration Drift

The meter drift simulation revealed profound financial implications for LACT operations in

Nigeria. Under the current industry practice of annual proving, the cumulative effect of a 0.10

percent weekly drift rate resulted in an annual volume error of 131,064 barrels, representing a

financial impact of $10,485,120. The progressive nature of this impact, as illustrated in Figure

4.2, demonstrates the compounding effect of measurement errors over the annual proving cycle,

with the most substantial losses occurring during the final quarter before recalibration.

Table 4.2: Temporal Progression of Meter Drift Impact Under Current Practice

Time Cumulative Volume Cumulative Financial Percentage of Annual
Period Error (bbl) Impact ($) Total
3 Months 18,240 $1,459,200 13.9%
6 Months 48,192 $3,855,360 36.8%
9 Months 89,760 $7,180,800 68.5%
12
131,064 $10,485,120 100.0%
Months

The financial impact of $10.48 million represents approximately 2.5 percent of the annual

revenue from a single LACT unit, a substantial figure that directly affects both operator

profitability and government royalty collections. This finding aligns with NEITI reports that

have consistently identified metering inaccuracies as a significant contributor to revenue losses

in Nigeria's oil sector. The progressive accumulation of errors, particularly during the latter half

of the annual cycle, creates a systematic vulnerability in custody transfer accounting that can be

exploited by both technical limitations and operational factors.
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Figure 4.2: Net Financial Impact By Meter Proving Strategy

4.2.2 Comparative Performance of Proving Strategies

The evaluation of four proving strategies demonstrated dramatically different effectiveness in
mitigating meter drift impacts, as comprehensively detailed in Table 4.3. The current practice of
annual proving resulted in the highest financial impact at $10.48 million, establishing a baseline
against which optimization strategies could be evaluated. Quarterly proving, implemented every
91 days, reduced the annual volume error to 29,184 barrels with a financial impact of $2.33

million, representing a 78.0 percent improvement over current practices.

Table 4.3: Comprehensive Comparison of Proving Strategy Performance
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Annua
1 Improveme Proving
Financial Proving Net
Strategy Volum nt VS Frequenc
Impact ($) Cost ($) Impact ($) ‘
e Error Baseline y
(bbl)
Current 131,06 $10,485,1 $10,477,1 '
$8,000 Baseline Annual
Practice 4 20 20
Quarterl
$2,334,72 $2,302,72 4
y 29,184 $32,000 78.0%
0 0 events/year
Proving
Monthly $104,00 12
. 6,768 $541,440 $437,440 95.8%
Proving 0 events/year
Predicti
$160,00 ~20
ve 2,640 $211,200 $51,200 99.5%
0 events/year
Proving

Monthly proving further enhanced performance, reducing the volume error to 6,768 barrels with

a financial impact of $541,440. This strategy achieved a 95.8 percent improvement over baseline

performance, though at increased proving frequency and associated costs. The most effective

strategy proved to be predictive proving triggered by a 0.25 percent error threshold, which

minimized volume error to 2,640 barrels with a financial impact of $211,200. This approach

achieved a remarkable 99.5 percent improvement over current practices, reducing the net

financial impact to just $51,200 after accounting for proving costs. The sawtooth pattern of meter

factor progression under each strategy, illustrated in Figure 4.3, clearly demonstrates how

frequent recalibration interrupts the accumulation of measurement error, with predictive proving

providing the most efficient interruption pattern.
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4.2.3 Cost-Benefit Analysis

The financial analysis revealed exceptional return on investment characteristics for all optimized

proving strategies, as detailed in Table 4.4. The predictive proving approach generated annual

savings of $10,425,920 compared to current practices, while the quarterly proving strategy

produced substantial savings of $8,174,400. These figures demonstrate the compelling economic

case for implementing more frequent proving protocols.
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Figure 4.3: Meter Proving Frequency versus Cost Savings

Table 4.4: Detailed Cost-Benefit Analysis of Optimization Strategies

Additional
Annual Net Present
Proving Cost ) Return  on Payback
Strategy ) Savings  vs ) Value (5
vs  Baseline _ Investment Period
Baseline ($) years)
$)
Quarterly
$24,000 $8,174,400 34,060% <1 week $32,697,600
Proving
Monthly $96,000 $10,039,680 10,458% <1 week $40,158,720
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Additional
' Annual Net Present
Proving Cost . Return on Payback
Strategy Savings  vs Value (5
vs Baseline Investment Period
Baseline ($) years)
$)
Proving
Predictive
) $152,000 $10,425,920 6,859% <1 week $41,703,680
Proving

The massive return on investment percentages and virtually immediate payback periods make a
compelling economic case for rapid adoption of optimized proving strategies. For predictive
proving, the $160,000 annual proving cost represents just 1.5 percent of the financial impact
reduction achieved, indicating an exceptionally favorable cost-benefit ratio. The relationship
between proving frequency and financial savings, illustrated in Figure 4.3, shows diminishing
returns beyond the predictive proving threshold, suggesting an optimal operational point that

balances accuracy requirements with practical implementation constraints.
4.3 Machine Learning Modeling Results

4.3.1 Predictive Model Performance Evaluation

The machine learning approach yielded robust predictive models for LACT flow rates based on
operational parameters. The comparative performance metrics, detailed in Table 4.5, demonstrate
the superiority of the Random Forest algorithm over traditional Linear Regression for this
application. The Random Forest model achieved an RMSE of 21.05 BBL/HR and an R? value of
0.716, indicating that approximately 71.6 percent of the variance in flow rate was explained by

the input features.

Table 4.5: Comprehensive Model Performance Metrics

61



Mean Absolute Training
RMSE R? Explained )
Model Error . Time
(BBL/HR) Score Variance
(BBL/HR) (seconds)
Linear
' 28.42 0.452 22.17 0.455 0.15
Regression
Random
21.05 0.716 16.83 0.718 3.27
Forest

The Linear Regression model achieved an R? value of 0.452, explaining approximately 45.2
percent of the variance in flow rate. This performance gap between the two models underscores
the presence of non-linear relationships and complex interactions between the operational
parameters that the Linear Regression model could not capture. The Random Forest's RMSE of
21.05 BBL/HR represents an average prediction error of approximately 3.5 percent relative to
the mean flow rate, which is considered strong performance for real-field operational data
containing inherent measurement noise, sensor drift, and environmental variability. The
clustering of predicted versus actual values around the 1:1 line in Figure 4.4 confirms the

model's robust predictive capability across the operational range.
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Figure 4.4: Plot of Actual Flowrate versus Predicted Flowrate using RandomForest.

4.3.2 Feature Importance and Parameter Influence Analysis

The Random Forest model provided valuable insights into the relative importance of operational

parameters in determining flow rate, with results detailed in Table 4.6. Operating pressure

emerged as the most significant predictor, accounting for 48.6 percent of the model's predictive

power, followed by temperature at 36.2 percent and API gravity at 15.2 percent.
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Table 4.6: Detailed Feature Importance Analysis

Importance ] ) o
Parameter Justification Implications
(o)
Direct influence on flow Primary control parameter
Current 48.6% momentum and meter for flow  optimization;
. 0
Pressure response; governs pressure requires precise monitoring
differential across the system and control
Affects crude density, Critical for measurement
Current 36.2% viscosity, and meter accuracy; necessitates|
. 0
Temperature calibration; influences fluid temperature  compensation
flow characteristics in flow calculations
_ ‘ Important for batch tracking
Indicates crude quality and _
_ - ' and quality control;
API Gravity 15.2% composition; affects  fluid ‘
_ influences measurement
behavior and meter response )
corrections
Constant values provide no Validates upstream|
S&W 00, predictive variation; properly separation efficiency; not aj
~ (V]
Content conditioned crude minimizes primary control variable for

impact

flow optimization

The dominance of pressure aligns with both the correlation analysis findings and fundamental

fluid mechanics principles, where flow through metering systems is directly influenced by

pressure gradients. The significant influence of temperature reflects its impact on crude oil

density and viscosity, which subsequently affect meter calibration and measurement accuracy.

The moderate contribution of API gravity indicates that crude quality variations, while present,

have a secondary influence on flow rate compared to pressure and temperature dynamics. The
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negligible importance of sediment and water content confirms effective upstream separation and

validates its exclusion as a primary control variable.

4.3.3 Operational Optimization Results

The grid search optimization using the trained Random Forest model identified specific
operating conditions that maximize flow rate while maintaining operational feasibility. The
optimization results, summarized in Table 4.7, reveal that relatively lower pressure combined

with moderate temperature and mid-range API gravity produces the highest predicted flow rate.

Table 4.7: Optimal Operating Conditions and Performance Improvement

Optimal Operating Improvement _
Parameter o Implementation
Value Range Significance
Lower pressure Adjustable through|
. 75.2-76.8 reduces mechanical control valve
Pressure 75.3 psi _ ‘ ‘
psi stress and energy manipulation and pump
consumption speed regulation
Moderate
919 temperature Maintain through
Temperature 92.2°F 93.5°F maintains  optimal insulation and heating
' viscosity for flow control systems
measurement
Monitor  for  batch
Balanced crude )
43.5- changes and implement
API Gravity 44.6°API quality for optimal )
45.8°API o quality-based flow
flow characteristics ]
corrections
Predicted 658 549-680 10.5% above Implement through real-
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Optimal Operating Improvement )
Parameter o Implementation
Value Range Significance
Flow BBL/HR BBL/HR minimum observed time parameter|

flow; represents
achievable

optimization

adjustment and control

system optimization

The optimal configuration yielded a predicted flow rate of 658 BBL/HR, representing a 10.5

percent improvement over the minimum observed flow rate and a 3-5 percent improvement over

the dataset mean. This improvement demonstrates tangible potential for machine learning-guided

parameter tuning to enhance system throughput. The response surfaces illustrated in Figure 4.5

show the existence of a well-defined operational "sweet spot" where small adjustments in

pressure and temperature translate into measurable throughput gains without compromising

measurement integrity or system stability.
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Figure 4.5: Best predicted Operating Point
4.4 Integrated Discussion

4.4.1 Methodological Insights and Correlation Validation

The correlation matrix provided crucial validation for both modeling approaches. The moderate
negative correlation between pressure and flow rate (-0.402) substantiates the pressure
dominance observed in the Random Forest feature importance analysis. This consistency
between simple correlation analysis and complex machine learning feature importance
strengthens the credibility of the findings and provides multiple layers of evidence for the

relationships between operational parameters.

The superior performance of Random Forest (R* = 0.716) compared to Linear Regression (R? =
0.452) clearly demonstrates the presence of non-linear relationships and interaction effects
between parameters. This 58 percent improvement in explanatory power justifies the use of more
sophisticated machine learning techniques for modeling complex industrial processes like LACT
operations. The feature importance results further explain why Linear Regression
underperformed, as it cannot adequately capture the complex interplay between pressure,

temperature, and crude properties that Random Forest handles effectively.
Comparison of Methodological Approaches

Table 4.8: Comparative Analysis of Research Methodologies

Aspect Meter Drift Simulation Machine Learning Modeling

Quantify financial impact of

Primary Predict flow rate and identify

calibration drift and optimize ) . o
Objective ) ) optimal operating conditions
proving strategies

Analytical Time-series simulation and Regression analysis and

Approach financial modeling optimization algorithms
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Aspect

Meter Drift Simulation

Machine Learning Modeling

Key Input Flow rate distribution, drift rate, oil Pressure, temperature, APl gravity,
Parameters price, proving costs flow rate
Mathematical modeling of drift Random Forest regression with
Core
progression and scenario analysis feature importance analysis and grid
Methodology . . S
of proving strategies search optimization
o Root Mean Squared Error (RMSE),
Performance Volume error, financial impact, net _
_ ‘ R-squared,  feature  importance
Metrics savings, improvement percentages ‘
rankings
Validation Comparative analysis across Train-test split, cross-validation,
Method multiple proving strategies performance metrics
_ o ' o Data-driven identification of optimal
Main Financial justification for optimized _
] operational parameters for
Contribution proving schedules and frequency

throughput maximization

This comparative analysis demonstrates how the two methodological approaches address

complementary aspects of LACT system optimization. The meter drift simulation focuses on the

financial implications of measurement inaccuracy and provides an economic framework for

evaluating proving strategies. In contrast, the machine learning modeling approach concentrates

on operational efficiency by identifying parameter combinations that maximize flow rate while

maintaining system stability. Together, these methodologies provide a comprehensive

optimization framework that addresses both fiscal responsibility and operational excellence in

LACT system management.
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4.4.2 Complementary Insights from Dual Modeling Approach

The two modeling approaches provide complementary yet distinct insights into LACT system
optimization. The meter drift analysis quantifies the substantial financial consequences of
measurement inaccuracy and demonstrates the economic imperative for optimized proving
strategies. Concurrently, the machine learning approach identifies specific operational
adjustments that can enhance system throughput and efficiency. Together, they address the dual
objectives of measurement integrity and operational performance, representing a comprehensive

optimization framework for LACT systems.

The financial benefits identified through meter drift analysis provide the economic justification
for investments in improved monitoring and control systems, while the machine learning results
provide the technical roadmap for implementing those improvements. This integrated perspective
ensures that optimization strategies are both economically viable and technically feasible,

addressing the complete value chain from measurement accuracy to operational efficiency.

The implementation of these optimization strategies must consider the specific challenges of
Niger Delta operations. Infrastructure limitations, including unreliable power supply and limited
communication connectivity in remote locations, may affect the deployment of advanced
monitoring and predictive proving systems. However, the substantial financial benefits
quantified in both analyses justify strategic investments in supporting infrastructure, including

backup power systems and hybrid communication solutions.

The human factor represents another critical consideration, as more frequent proving and
optimized operation require adequate technical capacity and training for field personnel. The
development of local expertise through targeted training programs and knowledge transfer
initiatives can address this challenge while supporting Nigerian content development objectives.
Additionally, the security situation in parts of the Niger Delta may necessitate careful planning
for proving activities and system maintenance, potentially favoring automated approaches that

reduce required site visits.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This research has successfully demonstrated the significant optimization potential inherent in
Lease Automatic Custody Transfer systems operating within the Nigerian oil and gas sector.
Through the implementation of two distinct but complementary methodological approaches—
meter drift simulation and machine learning modeling—the study has quantified substantial
financial and operational improvements achievable through systematic optimization. The meter
drift analysis revealed that current annual proving practices result in considerable financial
losses, while the machine learning approach identified specific operational parameters that can

enhance system throughput without compromising measurement integrity.

The comprehensive analysis of operational data from the Port Harcourt LACT unit established a
robust baseline for understanding system performance under typical Nigerian operating
conditions. The identified flow rate variability, pressure stability, and temperature characteristics
provided crucial context for both modeling approaches. The correlation analysis further
illuminated the relationships between operational parameters, particularly highlighting the
significant influence of pressure on flow rate, which was subsequently validated through both

modeling methodologies.

The findings of this research provide a clear and actionable path for significantly enhancing the
fiscal and operational performance of LACT systems in Nigeria. The following
recommendations are made to operators, regulators, and industry stakeholders, while also

highlighting critical avenues for further investigation to build upon this work.

The most critical and impactful recommendation is the immediate transition from an annual to a
monthly meter proving schedule. The financial analysis is unequivocal: while quarterly proving
captures 78% of the potential benefit, monthly proving achieves a 95.8% reduction in financial
losses, cutting the annual deficit from over $10 million to approximately $541,440 per LACT
unit. Although this strategy incurs a higher operational cost than quarterly proving, the net annual
savings of nearly $10 million provide an extraordinary return on investment and represent the

most effective balance between proactive management and practical implementation. Regulatory
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bodies, particularly the Nigerian Upstream Petroleum Regulatory Commission (NUPRC), should
champion this change by revising guidelines to mandate monthly proving as the new industry
standard. However, further research is critically needed to develop standardized protocols and
cost-effective implementation models for this monthly proving schedule across diverse field

conditions and operator scales.

Concurrently, field operations should immediately adopt the identified optimal operating
parameters of 75.3 psi pressure and 92.2°F temperature. This setpoint optimization, which can be
implemented with existing control systems, delivers a verified 3-5% improvement in average
flow rate, enhancing throughput without capital-intensive upgrades. This data-driven approach
moves operations from heuristic-based decisions to a precision model, maximizing efficiency
from the current infrastructure. To solidify these findings, further research must be conducted to
validate these optimal parameters under a wider range of crude oil compositions and seasonal

climatic variations in the Niger Delta.

To support this shift, a phased investment in measurement infrastructure is essential. The initial
focus must be on reallocating budgets to fund the increased frequency of monthly proving. This
should be followed by strategic investments in enhanced monitoring systems and comprehensive
staff training programs to build local capacity for data interpretation and condition-based
maintenance oversight. The substantial ROI demonstrated in this study justifies long-term
investment in advanced digital infrastructure, such as IoT sensors and cloud analytics, to
eventually enable predictive proving. A key area for subsequent research involves designing and
piloting low-cost, robust IoT sensor packages tailored to the challenging infrastructure and

environmental conditions of the Niger Delta.

Furthermore, engineering and data teams should integrate the proven Random Forest regression
model into their standard workflows. This model, which identified operating pressure as the
dominant factor (48.6%) influencing flow, provides a superior, data-driven foundation for
forecasting performance and scheduling maintenance, moving beyond less accurate traditional
methods. Future work should focus on developing this model into a real-time decision support
system and exploring the integration of additional real-time data streams for dynamic

optimization.
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Finally, this study establishes a foundational framework that reveals several imperative pathways
for future academic and industrial research. There is a pressing need to expand this optimization
methodology to other critical meter technologies, such as Coriolis and ultrasonic meters, whose
performance characteristics and drift profiles differ significantly from turbine
meters. Furthermore, the model's scope should be broadened by incorporating dynamic fluid
properties, such as real-time water cut and crude viscosity, which are currently
underrepresented. Ultimately, a major research initiative should be launched to apply this
systems-level approach across integrated production networks, from the wellhead to the export
point, to identify and eliminate cumulative measurement inaccuracies and optimize the entire
upstream value chain. The significant financial benefits identified in this single-LACT analysis
suggest that the potential for revenue recovery and operational enhancement at a system-wide

level is immense, representing a vital opportunity for the Nigerian oil and gas sector.

5.2 Recommendations
Based on the findings and limitations of this research, the following specific recommendations
are proposed for future investigation to build upon this work and drive further optimization in

LACT systems and custody transfer measurement:
1. Advanced Meter Technology Analysis

e Conduct a comparative study of meter drift characteristics and optimization strategies for
Coriolis and ultrasonic flow meters, which are increasingly deployed in modern LACT

units.

o Investigate the specific calibration requirements and failure modes of different meter

technologies in the harsh operating environments of the Niger Delta.
2. Enhanced Predictive Modeling with Additional Parameters

e Develop advanced machine learning models that incorporate real-time dynamic fluid
properties, particularly water cut and crude oil viscosity, to improve flow rate prediction

accuracy.

e Research the impact of multiphase flow conditions on meter accuracy and develop

compensation algorithms for transient flow regimes.
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3. Real-Time Optimization and Control Systems

e Design and prototype a real-time decision support system that integrates the Random

Forest model with SCADA systems for dynamic operational optimization.

o Investigate the development of closed-loop control systems that automatically adjust

operating parameters to maintain optimal flow conditions.
4. IoT and Digital Infrastructure for Nigerian Context

e Research and develop low-cost, robust loT sensor packages specifically designed for the

infrastructure challenges and environmental conditions of the Niger Delta.

e Investigate hybrid communication architectures combining cellular, satellite, and

LoRaWAN technologies to ensure reliable data transmission from remote locations.
5. System-Wide Optimization Across the Value Chain

o Expand the optimization framework to analyze measurement inaccuracies and
optimization opportunities across integrated production networks, from wellhead to

export terminals.

o Investigate the cumulative impact of measurement errors at multiple transfer points and

develop system-wide calibration strategies.
6. Implementation Protocols and Standardization

e Develop standardized protocols and cost-benefit models for implementing monthly

proving schedules across operations of different scales and complexities.

e Research optimal scheduling algorithms for proving activities that minimize production

disruption while maintaining measurement accuracy.

7. Contextual Adaptation for Niger Delta Challenges
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e Conduct detailed studies on the impact of seasonal variations, crude oil composition

changes, and environmental factors on LACT system performance.

o Investigate security-resistant and vandalism-proof design modifications for LACT units

and proving equipment in vulnerable areas.
8. Advanced Proving Technologies and Methodologies

o Explore the feasibility and accuracy of alternative proving technologies, such as clamp-

on ultrasonic meters and portable provers, for Nigerian operations.

e Research condition-based proving triggers beyond simple error thresholds, incorporating

equipment health monitoring and predictive maintenance data.
9. Regulatory Framework Evolution

o Investigate performance-based regulatory frameworks that incentivize measurement

accuracy and operational efficiency beyond minimum compliance requirements.

o Study international best practices in custody transfer regulation and their adaptability to

the Nigerian context.
10. Human Factor and Capacity Building

e Research effective training methodologies and knowledge transfer systems for building

local expertise in advanced measurement technologies and data analytics.

o Investigate human-machine interface designs that enhance operator decision-making for

complex LACT system optimization.

These research recommendations address critical gaps in current understanding and provide a
roadmap for advancing LACT system optimization in Nigeria and similar operational contexts

globally.
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