
Chapter 1: Process Description 

 

In the realm of the oil and gas industry, the efficient separation of oil, gas, and water is a 

fundamental step in the production process. Three-phase separators play a pivotal role in this 

separation, facilitating the extraction of valuable hydrocarbons from the complex mixture 

produced by oil wells. This chapter provides an in-depth exploration of the principles and 

operation of three-phase horizontal separators, essential components in the oil and gas 

production process. 

 

1.1 Introduction to Three-Phase Separation 

Three-phase separation is the process of segregating the wellhead production into three distinct 

components: oil, gas, and water. This process is indispensable for optimizing production 

efficiency, ensuring product quality, and adhering to environmental regulations. The heart of this 

separation process lies in the utilization of separators, which are specifically designed to handle 

the unique characteristics of each of these phases. 

 

1.2 Three-Phase Separation in Horizontal Separators 

Horizontal separators are one of the most common configurations used for three-phase 

separation in the oil and gas industry. These vessels are designed to take advantage of gravity, 

allowing the different phases to naturally separate due to their varying densities. In the context of 

three-phase separation, the phases involved are: 

 

1.2.1 Oil Phase 

The oil phase consists of the valuable hydrocarbons, including crude oil and other liquid 

products. Separating this phase is crucial for refining and further processing. 

 

1.2.2 Gas Phase 

The gas phase is composed of natural gas, which includes methane, ethane, propane, and other 

hydrocarbon gases. Gas separation is essential for subsequent processing, transportation, and 

sales. 

 

1.2.3 Water Phase 

The water phase is often laden with impurities and needs to be separated to meet environmental 

regulations. Additionally, the recovered water can sometimes be reinjected into the well to 

maintain pressure. 

 



1.3 Operating Principles of Horizontal Separators 

Horizontal separators function on the principle of gravity-based phase separation. The mixture 

from the wellhead enters the separator, and its journey involves several key stages: 

 

1.3.1 Inlet Section 

The incoming mixture is directed into the inlet section, where it loses much of its momentum. 

This initial phase of deceleration is vital for the separation process to begin. 

 

1.3.2 Gravity Separation 

As the mixture progresses through the horizontal vessel, the difference in densities between the 

oil, gas, and water causes them to segregate naturally. The lighter gas phase rises to the top, 

the water phase settles at the bottom, and the oil phase occupies the middle section. 

 

1.3.3 Outlet Sections 

Separate outlets for each phase allow for the controlled collection and extraction of oil, gas, and 

water. Skimming devices are commonly employed to ensure efficient separation. 

 

1.4 Efficiency and Challenges 

While horizontal separators are highly effective, achieving optimal separation efficiency requires 

a careful design and operational considerations. Factors such as flow rates, vessel dimensions, 

pressure, temperature, and the properties of the fluids being separated all influence the 

performance of the separator. 

 

In the chapters to come, we will delve deeper into the design, operation, and maintenance of 

three-phase horizontal separators, providing comprehensive insights into the intricacies of this 

essential equipment in the oil and gas industry. 

 

 

 

 

 

 

 

 



Chapter 2: Controllers in the App 

 

In the world of process control within the oil and gas industry, the implementation of various 

controllers is essential to manage and optimize the operation of equipment like three-phase 

separators. In this chapter, we explore the role and functionality of controllers in your app, 

specifically focusing on FIC01, PIC01, LIC01, and LIC02. 

 

2.1 Inlet Flow Controller (FIC01) 

The Inlet Flow Controller, labeled as FIC01 in your app, plays a crucial role in maintaining the 

desired flow rate of the incoming mixture from the wellhead into the separator. This controller is 

responsible for regulating the flow of the feedstock, ensuring a consistent and controlled supply 

to the separation process. It continuously monitors the inlet flow rate and adjusts various 

process parameters to achieve the setpoint. 

Normal setpoint: 600m3/h 

Key functions of the Inlet Flow Controller (FIC01) include: 

➢ Monitoring the flow rate of the incoming mixture. 

➢ Comparing the measured flow rate to the setpoint or desired value. 

➢ Making real-time adjustments to the opening/closing of control valves to maintain the 

desired flow rate. 

➢ Maintaining process stability and preventing excessive fluctuations in the flow of 

hydrocarbons, which is essential for efficient separation. 

2.2 Separation Pressure Controller (PIC01) 

The Separation Pressure Controller, designated as PIC01, is responsible for regulating the 

pressure inside the three-phase separator. Maintaining the correct pressure is crucial to ensuring 

that the phases separate effectively and that no unwanted carryover occurs. PIC01 achieves this 

by adjusting the pressure control valve in real-time based on the measured pressure. 

Normal setpoint: 55bar_g 

Key functions of the Separation Pressure Controller (PIC01) include: 

➢ Continuously monitoring the pressure inside the separator. 

➢ Comparing the measured pressure to the setpoint or desired pressure level. 

➢ Adjusting the opening/closing of the pressure control valve to maintain the desired 

pressure. 

➢ Preventing over-pressurization, which can lead to safety hazards, and under-

pressurization, which can result in inefficient separation. 

2.3 Oil Level Controller (LIC02) 

The Oil Level Controller, denoted as LIC02, is responsible for maintaining the oil level within the 

separator at the desired setpoint. This controller ensures that the oil phase, which occupies the 



middle section of the separator, remains within a specific range. Maintaining the correct oil level 

is crucial for efficient separation and extraction of oil. 

Normal setpoint: 1320mm 

Key functions of the Oil Level Controller (LIC02) include: 

➢ Monitoring the oil level inside the separator. 

➢ Comparing the measured oil level to the setpoint. 

➢ Controlling the opening/closing of oil level control valves to adjust the oil level as needed. 

➢ Preventing oil carryover into the gas or water phases, which can compromise product 

quality and efficiency. 

2.4 Water Level Controller (LIC01) 

Similar to LIC01, the Water Level Controller, marked as LIC02, is responsible for maintaining the 

water level within the separator at the desired setpoint. Controlling the water level is essential for 

ensuring efficient separation and meeting environmental regulations. 

Normal setpoint: 1320mm 

Key functions of the Water Level Controller (LIC01) include: 

➢ Monitoring the water level inside the separator. 

➢ Comparing the measured water level to the setpoint. 

➢ Regulating the opening/closing of water level control valves to maintain the desired water 

level. 

➢ Preventing water carryover into the oil or gas phases, which can lead to impurities and 

product quality issues. 

These controllers, working in tandem, are instrumental in maintaining the operational integrity 

and efficiency of your app, ensuring that the three-phase separation process in the oil and gas 

industry runs smoothly and optimally. In the subsequent chapters, we will explore their 

interconnected functions and how they collectively contribute to the success of the separation 

process. 

 

 

 

 

 

 

 

 

 

 



Chapter 3: Emergency Shutdown (ESD) Parameters 

 

Within the oil and gas industry, ensuring safety and preventing potential hazards is of paramount 

importance. Emergency Shutdown (ESD) systems are a critical component of any production 

facility, including those utilizing three-phase separators. In this chapter, we delve into the ESD 

parameters, specifically focusing on LAHHs (Low Alarm High-High), LALLs (Low Alarm Low-

Low) for water and oil, as well as PAHH (Pressure Alarm High-High) and PALL (Pressure Alarm 

Low-Low) for pressure. 

 

3.1 LAHHs - Level Alarm High-High for Water and Oil 

LAHHs (Level Alarm High-High) is a critical safety parameter that is used to monitor the levels of 

both water and oil within the separator. When the level of either water or oil surpasses the 

predetermined threshold, an alarm is triggered. This alarm is initiated when the level is both low 

and significantly higher than the acceptable range, indicating a potential issue or hazard. 

 

Key characteristics of LAHHs for water and oil include: 

➢ Early warning of a potentially dangerous condition, such as a rapid reduction in the level 

of water or oil. 

➢ Immediate alerting of operators or automated systems to take necessary actions to 

prevent overfilling or depletion, which can lead to operational issues and safety concerns. 

➢ Ensuring that the separator remains within safe operating limits and avoiding the risk of 

liquid carryover into other phases. 

3.2 LALLs - Level Alarm Low-Low for Water and Oil 

LALLs (Level Alarm Low-Low) serve as another important ESD parameter for monitoring the 

levels of water and oil within the separator. These alarms are triggered when the level of water 

or oil drops below a predetermined setpoint, and it falls to an even lower level compared to 

LAHHs. This is a crucial safeguard to prevent the depletion of essential components in the 

separator. 

Key characteristics of LALLs for water and oil include: 

➢ Providing early warning of a low level condition, indicating a potential issue, such as a 

significant drop in the water or oil level. 

➢ Immediate alerting of operators or automated systems to take corrective action to avoid 

unsafe conditions. 

➢ Preventing situations where the level of water or oil becomes critically low, which can 

lead to poor separation efficiency and potential damage to equipment. 

 

 

 

 

 



3.3 PAHH - Pressure Alarm High-High 

The Pressure Alarm High-High (PAHH) parameter is designed to monitor the pressure inside the 

separator. It triggers an alarm when the pressure exceeds a predetermined high-high setpoint, 

indicating an unusually high and potentially hazardous pressure condition. 

Key characteristics of PAHH for pressure include: 

➢ Immediate alerting of operators or automated systems in the event of a rapid increase in 

pressure. 

➢ Preventing over-pressurization, which can lead to equipment damage, safety hazards, 

and even catastrophic failure. 

➢ Ensuring that the pressure within the separator remains within safe operating limits. 

3.4 PALL - Pressure Alarm Low-Low 

PALL (Pressure Alarm Low-Low) is another crucial ESD parameter for pressure monitoring. It 

activates an alarm when the pressure falls below a predetermined low-low setpoint, indicating an 

unusually low and potentially hazardous pressure condition. 

 

Key characteristics of PALL for pressure include: 

➢ Providing early warning of a low pressure condition, which can indicate issues such as 

equipment malfunctions or leaks. 

➢ Immediate alerting of operators or automated systems to take corrective actions to avoid 

unsafe conditions. 

➢ Preventing under-pressurization, which can lead to operational inefficiencies and safety 

risks. 

These ESD parameters, LAHHs, LALLs, PAHH, and PALL, are pivotal in ensuring the safety and 

integrity of the three-phase separator system. They serve as early warning systems, allowing 

operators to take timely actions to prevent hazardous conditions, safeguard equipment, and 

maintain efficient separation processes. In the following chapters, we will explore how these 

parameters integrate into the overall safety and control framework of the oil and gas industry. 


