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Abstract: The accumulation of liquid condensate and water in natural gas pipelines is a critical operational issue that
leads to internal corrosion, hydrate formation, and significant reductions in energy efficiency [1], [2], [3]. Traditional
manual drainage methods often result in inconsistent maintenance and accidental greenhouse gas emissions [4], [5]. This
study proposes the design of an automated seal pot system specifically engineered for the continuous removal of these
liquids. By integrating high-accuracy liquid level sensors with PID-based control logic and automatic solenoid valves,
the system ensures real-time response to condensate accumulation [4], [6], [7]. Implementation of similar automated
technologies has demonstrated a potential 13% increase in production by maintaining optimal flow regimes and
preventing the formation of "ice plugs" or slugs [2]. [7]. The proposed design offers a scalable and environmentally safer
alternative to manual drips, contributing to the digitalization and integrity management of both high-pressure trunk lines
and low-pressure gas gathering networks [4], [8].
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INTRODUCTION

The accumulation of liquid condensate and water in natural gas pipelines presents a significant operational challenge for
the gas industry. During transportation, changes in pressure and temperature lead to phase transitions, resulting in the
condensation of hydrocarbon vapors and water [1]. If not removed, this liquid phase can lead to internal corrosion, the
formation of gas hydrates, and "ice plugs" during cold seasons, which can completely disrupt gas flow [2], [3].
Furthermore, accumulated liquids reduce the effective diameter of the pipeline, increasing backpressure and reducing the
overall energy efficiency of gas delivery [2], [4]. This project focuses on the design of an automated seal pot system to
ensure the continuous and efficient removal of these accumulations.

LITERATURE REVIEW

Traditional methods for managing liquid in pipelines include manual "drips" or knockout pots, where fluids are
periodically drained by field operators, and mechanical pigging operations [1], [S]. However, manual drainage is often
inefficient, labor-intensive, and carries the risk of accidental gas releases into the atmosphere during operation [1], [6].
Recent advancements have introduced technologies such as "Pseudo Dry Gas" systems, which use multiple in-line liquid
removal units to maintain near-dry conditions and minimize gravitational pressure drops [7], [8]. Studies suggest that
while gas flow can naturally carry some water out if it exceeds a critical velocity, this is often only effective for smaller
pipeline diameters (up to 200 mm), necessitating specialized equipment for larger transmission lines [2]. The shift toward
remote, intelligent pipeline clearing is driven by the need to reduce environmental impact and improve safety in low-
production or remote fields [6].

METHODOLOGY

The proposed automated seal pot design integrates a collection vessel with an intelligent control system. Key components
include:
e Sensing Unit: High-accuracy liquid level sensors (e.g., magnetic or pressure-based) are installed to monitor the
accumulation in real-time [9], [10].
e Control Logic: A PID controller or a self-powered density-based trigger is used to process sensor data [9], [10].
When the condensate reaches a predetermined setpoint, the controller triggers the drainage sequence.

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1290


https://ijarcce.com/
https://ijarcce.com/
https://dummy-citation.com/citation?d=z%3A7VfJchxFEB0Zs0QQwYGbT1QEHKXZNJZlbrIcBhsbhC3CNidqurO7S1Nd1a5Fo9HJcOCf9He8rO7pGTDe7jpoq8rKfPnyZeboz6vBJ4V1qlTmc3oVbaDVZ9OjuQ9OZkEceREqEibWc3LCFkLb5V7jbB6zoKwR0uTpiIpCZYpMthJL0toLZcRxJU0pflX4VkovCkU6x3nmSHryonQyj1Lr1W7ywmHgeK6p9hyoUQ1pZUho9SqqXMgsi3XUksPuisIRXbLnRscS0MsWCcmFLEnkkUSw7G6Nc6lC1XtyJJbWeTJ4t8tIzxUtOSZjQDZiKxuc1tIAJwJIvfIqgZNzY12Nwx6lDzJEv5tc5IrfRx3S86Bq0iuRU6AWCycHmk1Q7GCd8poDLefWARQMvGo9dADm2mYpvQx5Os7ZNuQ6QpYMIeYr%2BBEyBlvjPNvA658ARGWstiUsm0arTCI8k1VTrmK911e0ceR9BFVcu7WfVFdG2RcUkSuVVcCoDLJEeXXMYddH7jF2FG145EhAhVdL6bgWwq98oDpdvCuHnM5VRkNxxPrbcrZ2I3UJQYeqFjUEgPRwD54b6wkc2%2FbRJQE6HnQJZzKABmRWOHtJZqOrxqIWYg7J5gJJ9GjW%2FOymcpPr69nRxm4LFlMjnaxRfJfIg%2Fh1kgTgJ62xXcv95u0cbbFJlOGDUlWaDn5WKTpv0ZZWotmgERYMHpWAITJrgrN6d%2BNQedt2Tu%2Baw3pZbNcnVM7GEqWERKSBMjRK5tBA7KEFgFbt69JF2S4aO4RkwfVa6%2B3lUJxyW7TZJMPuDfPEKkRinbB4enSjQoZ0QrBHgpP0cP9bAUhmsaVI3D2rULEnUfwAVT5Ib59Baxz%2Fzlqf5%2BQU3LbjrMAEUnOl0V%2FICIMFs447B8CCbM%2FX42DTL0Nxby0CvjhLutiw19n3%2BvhfZW5xxcbvFznGU%2BD6b7qUWlYc1SD5X2V%2F08cGHUfs77lXMV6kQTWC9Iu%2Bq1G4DIrhXLjBS4nD5CgBdtL4WnnP%2Fv47BoY5JuriavBVJbvVcb1FrrfI9Ra53iLXW%2BR6i3zwFtGgEU8pv49GKqfj6cHeeFqzRhCM3ENT2KvBpyUyrjB6X2tVN9gvD%2FBlXT4ezqYEz5F2KKig6eK7RzY6MMhQTirwmHlxbE3qM6B%2BBljki3OrY023vvy66QM95k627mqwoxrMyqdYQXQ1uIHaOx9OcHJrtKq07H%2FXScZqjko4%2Fzcsc4Nuxc%2BikLXSq%2ByxilSqczL0QplVzCF5Grxpl7%2FkSMmweqTAlzXl22zpd96MrXH2MpoPsVMv4LQ8QzHeZr1BWvwY5bug3sd1BxVeLc%2BD1jZTub8a3Mxyqy6%2BmYyHk%2FHh4WhyZzbdO7h992A0PdyfjSaj8WQ6ub2fKz83r%2FHdm79UZ3N4uP7t7kEF8aGAdLF4PpuNZ9OD%2FTv7h2epyEkjZ9DIbG8y3htP6ibOtfLQWiuTnQTYPPzlRJy0N0C4wCyDJjL6zemLURVC478fjYB0aF05eg%2FY0sd5WDVMwkI6NJymU%2Fy5AymTLX5SJt8%2BpsAfS2CrMxUov7c6ttGEG8FRp7%2F8OT4y%2BXR6sxPsH0%2FJo%2BswadAdR31fn6DnxDH6MbX%2F6Wb54h938TP2oYPGeWw9aVcAN9pjbIWT9eRmB2nO5Yz%2FC4yqj8%2F%2BHw%3D%3D

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :: Vol. 15, Issue 5, May 2026
DOI: 10.17148/IJARCCE.2026.155166

e Actuation: Automatic solenoid or pneumatic valves are used to open the drainage line. To prevent gas loss, a
two-valve "airlock" or "seal" system can be employed to isolate the pipeline pressure during the liquid discharge
phase [6].

e Safety & Warning: The system includes a remote warning module that uses pressure and differential pressure
parameters to detect potential blockages or equipment malfunctions [6].

RESULTS

Implementation of automated separator systems in field operations has shown a 13% increase in oil and gas production
by preventing over-flushing and maintaining optimal liquid levels [10]. The automated removal of liquid ensures that gas
flow remains stable, avoiding the negative effects of slug flow regimes [10]. Simulations indicate that by maintaining the
required flow velocity and consistent drainage, the system can effectively remove accumulated water that would
otherwise be impossible to clear manually in high-volume sections [2]. Furthermore, the modular design of these
automated units allows for successful application in both high-pressure trunk lines and low-pressure gas gathering
networks [6].

DISCUSSION

The efficiency of condensate removal is heavily dependent on the thermodynamic state of the gas. As fields deplete,
changes in the gas composition can lead to "reverse condensation" where evaporation occurs at higher pressures and
condensation at lower pressures [1]. An automated system must, therefore, be adaptable to these changing thermobaric
conditions [1]. A major advantage of automation is the reduction of environmental contamination; by using closed-loop
automated collectors, the release of harmful hydrocarbon vapors and water vapor into the atmosphere—a common
problem with manual drips—is significantly minimized [1]. However, designers must balance system complexity with
the recovery benefits, as ultra-long tie-backs may require multiple units and specialized pump selection for optimal
performance [7], [8].

CONCLUSION

The design of an automated seal pot offers a robust solution to the persistent problem of liquid accumulation in gas
pipelines. By replacing manual interventions with sensor-driven automation, operators can achieve higher transportation
efficiency, reduce the risk of hydrate-related blockages, and lower environmental emissions [1], [3], [6]. This technology
is particularly vital for the digital transformation of gas fields, providing the necessary data and control to maintain
pipeline integrity and production reliability in an increasingly automated industry [6], [10].
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