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Summary 

 

In order to keep natural gas pipelines running smoothly and prevent problems such as 

compressor damage, diminished line capacity, and large pressure differentials, hydrocarbon 

liquid condensation or “liquid dropout” must not be allowed to accumulate. Presently, options 

such as monitoring hydrocarbon dew point (HDP) determined by any number of variants on the 

Peng-Robinson equation of state exist, but require an accurate extended gas analysis of the heavy 

fractions. Furthermore, the HDP does not yield an estimate of the amount of liquid dropout that 

will occur at a temperature lower than the HDP. This paper proposes a reliable and 

computationally efficient alternative for locating liquid dropout in gas gathering systems by 

combining popular flow equations such as the Weymouth and Panhandle equations with the 

breadth-first search algorithm. For single outlet gas gathering systems, the result is a 

computationally efficient evaluation of pipeline efficiency that can be used to indicate the 

location of liquid build up within the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 

 

Liquid buildup in gas pipelines is an important issue because it costs all types of companies 

along the hydrocarbon value chain money in lost time. Liquid buildup can lead to a temporary 

halt in production and flow, and “shutting down production has inevitable economic 

consequences in the short term and restart of the pipeline[s] may be difficult” [1, p. 2]. Time not 

spent in production decreases the return on investment in pipeline and production infrastructure, 

and so operational shutdown is a serious pain point. Producers, gas processors, transmission 

companies, and local distribution companies must all handle issues created by liquid buildup at 

their own respective link in the hydrocarbon value chain [2]. The following are the four segments 

of the value chain affected by liquid dropout in gas pipelines from upstream to downstream: 

1. Exploration and production (E&P) companies that own and manage their own gas 

gathering systems. 

2. Midstream companies that gather third party gas from an oil and gas company and deliver 

it to gas processing plants. 

3. Transmission companies or companies with large-diameter/long-distance pipelines that 

move gas that is either merchantable from the well or after being processed in a 

processing plant. 

4. Local distribution companies (LDCs) that distribute processed or lean merchantable gas 

to home businesses or industrial users. 

 

Background 

 

In the past, the prevention of liquid dropout meant that parameters such as “C6+ GPM (gallons 

of liquid per thousand standard cubic feet of gas), mole fraction C6+, hydrocarbon dew point 

(HDP) and cricondentherm hydrocarbon dew point (CHDP)” were monitored and kept within 

identified boundaries. [3, p. 2]. However, these properties require an accurate extended gas 

analysis of the heavy fractions, which is difficult and expensive to obtain. Furthermore, “while 

the dew point identifies the condition at which vapor first begins to condense to liquid, it 

provides no information about the quantity of condensation resulting from a small degree of 

cooling” [3, p. 3]. This means that a company monitoring pipelines based only on an HDP 

threshold may identify hydrocarbon condensation issues where in reality only a trivial amount of 

liquid dropout is present. Additionally, “most current operating specifications for gas 

transmission lines require that the lines be operated above the HDP or CHDP” [3, p. 3]. This 

means that in practice, hydrocarbon condensation occurs frequently in gas pipelines, as variable 

internal pressures and ambient temperatures can cause gas to fluctuate around the HDP or 

CHDP. As a result, in order to manage liquid dropout in gas pipelines, companies often utilize 

pigging and slug catchers. 

 

Pigging pipelines is a viable solution to liquid dropout that is made even more efficient when the 

location of liquid dropout is known. “Launching a pig into [a gas pipeline] system will remove 

the majority of the liquid (depending on the design of the pig) [which] will end up in the slug 

catcher at the receiving facilities.” [1, p. 1]. Removing the liquid dropout present in pipeline 

networks before too much accumulates prevents the slug catcher from being overwhelmed by a 

large liquid buildup suddenly overflowing. However, in order to most effectively pig a network 

of pipelines, the location of liquid dropout must be determined, so that a pig can be sent through 



the necessary piping. Existing models such as “transient computer simulations are performed to 

assess the effect of pigging on [pipeline] systems.” [1, p. 2]. However, “such programs are 

frequently very focused on the multiphase aspect of the model and are lacking in some respects” 

due to the difficulties and computationally expensive calculations associated with modeling 

multiphase flow regimes [1, p. 2]. Equations for modeling single phase flow such as the 

Weymouth and Panhandle equations are significantly more computationally efficient and reliable 

and widely used in industry. By comparing the results of these flow models with measured field 

data, two phase flow and liquid buildup can be located in gas pipelines. 

 

Pipeline Flow Equations 

 

The Weymouth, Panhandle A, Panhandle B, and American Gas Association equations are 

examples of commonly used empirically determined flow equations created in order to determine 

the pressure differential across a segment of pipe. These equations reliably model single phase 

flow in gas pipelines and are used widely in industry. Furthermore, they do not require an 

accurate analysis of the heavy fraction, only specific gravity of the gas and ambient properties 

such as temperature and pressure. Each of these equations derives from the steady-state 

isothermal flow behavior of gas in pipelines defined by the general energy equation as follows: 

 

Isothermal Flow [4] 
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Weymouth Equation [5] 
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American Gas Association Equation [4] 
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Panhandle A Equation [6] 
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Panhandle B Equation [6] 
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The ratio between measured flow in a pipeline and flow predicted by an empirically determined 

single phase equation can be used as a proxy for liquid buildup, as single-phase flow occurs only 

when there is no liquid buildup to create a second phase. 

 

Graph Search Algorithms 

 

While the Weymouth and other common flow equations 

are sufficient for the examination of a single segment of 

pipe, a different mathematical approach must be taken 

for an entire system. To use flow equations on an entire 

gas gathering system, the gathering system may be 

represented as a mathematical graph, where pipes are 

edges and nodes are wells, compressors, valves, and 

other junctions in the system. 

 

The majority of natural gas gathering systems can be 

represented by a specific type of graph called a tree, 

since gas is typically gathered from many disparate 

inlets and sent to a single location for further 

transmission. The pressure at the outlet of the system 

can be set by operators and is thus known, and the 

direction of flow can be assumed to be towards the 

outlet. The breadth-first search algorithm starts at a 

center node and systematically determines the distance of every other node in the graph from the 

center node [7],[8]. As this algorithm progresses, the known pressures 𝑃1of the previous nodes 

provide a system of equations with a unique solution for the next set of nodes. 

 

Each pipe in the system requires a single algebraic 

expression, thus f(n) = O(n) where n is the number of 

pipes in the system. This means that the computational 

complexity increases linearly with the number of pipes 

in the system, resulting in a computationally efficient 

method for determining pressure in systems with 

thousands of pipes. 

 

 

Solution 

 

GatherX Analytics has developed the GatherX Natural Gas software for performing physics-

based data analytics on gas pipelines and gathering systems in order to locate liquid buildup, 

recommend pipe sizes, calculate pressures, and determine gas velocities. This software utilizes 

the described combination of popular flow equations and breadth-first search in order to 

determine the efficiency of pipelines as a proxy for liquid dropout. A free trial of the software is 

available at gatherxanalytics.com. 

 

 



Conclusion 

 

Frequently, gas pipelines must be operated below or near the HDP, which inevitably leads to 

liquid buildup and potentially expensive operational shutdown. In order to keep natural gas 

pipelines running smoothly, regular analysis of a comparison between modeled and measured 

pressures and volumes should be performed in order to locate liquid buildup. For single outlet 

gas gathering systems, the most reliable and computationally efficient way to do this is through a 

combination of popular flow equations and the breadth-first search algorithm. This analysis can 

then be used to optimize the pigging cycle to ensure effective and efficient operation of gas 

gathering systems. 
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