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Special Notes 

API publications necessarily address problems of a general nature. With respect to particular 
circumstances, local, state, and federal laws and regulations should be reviewed. The use of API 
publications is voluntary. In some cases, third parties or authorities having jurisdiction may choose to 
incorporate API standards by reference and may mandate compliance. 

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees 
make any warranty or representation, either express or implied, with respect to the accuracy, 
completeness, or usefulness of the information contained herein, or assume any liability or responsibility 
for any use, or the results of such use, of any information or process disclosed in this publication. Neither 
API nor any of API’s employees, subcontractors, consultants, or other assignees represent that use of 
this publication would not infringe upon privately owned rights. 

Users of this standard should not rely exclusively on the information contained in this document. Sound 
business, scientific, engineering, and safety judgment should be used in employing the information 
contained herein. 

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to warn and properly 
train and equip their employees, and others exposed, concerning health and safety risks and precautions, 
nor undertaking their obligations to comply with authorities having jurisdiction. 

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to 
ensure the accuracy and reliability of the data contained in them; however, the Institute makes no 
representation, warranty, or guarantee in connection with this publication and hereby expressly disclaims 
any liability or responsibility for loss or damage resulting from its use or for the violation of any authorities 
having jurisdiction with which this publication may conflict. 

API publications are published to facilitate the broad availability of proven, sound engineering and 
operating practices. These publications are not intended to obviate the need for applying sound 
engineering judgment regarding when and where these publications should be utilized. The formulation 
and publication of API publications is not intended in any way to inhibit anyone from using any other 
practices. 

Any manufacturer marking equipment or materials in conformance with the marking requirements of an 
API standard is solely responsible for complying with all the applicable requirements of that standard. API 
does not represent, warrant, or guarantee that such products do in fact conform to the applicable API 
standard. 
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Foreword 

Nothing contained in any API publication is to be construed as granting any right, by implication or 
otherwise, for the manufacture, sale, or use of any method, apparatus, or product covered by letters 
patent. Neither should anything contained in the publication be construed as insuring anyone against 
liability for infringement of letters patent. 

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 
Massachusetts Avenue NW, Suite 1100, Washington, DC 20001, standards@api.org. 
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Abstract 

The API Wet Gas Sampling Committee, under the API Committee on Production Measurement & 
Allocation (CPMA), conducted a study to identify potential sources of errors in the sampling of natural gas 
flow streams containing small amounts of free hydrocarbon liquid (wet gas). The objectives of the study 
were to quantify measurement uncertainty associated with using dry gas sampling methods to sample 
wet gas streams, and to provide recommendations for future wet gas sampling test programs. 

A binary mixture of methane and n-heptane was used as a testing media. The testing was conducted in a 
closed-loop test facility at an elevated pressure of 700 psig and ambient temperatures in a 3-in. pipe. The 
dry gas sampling method per API Manual of Petroleum Measurement Standards (MPMS) Chapter 14.1 
(Collecting and Handling of Natural Gas Samples for Custody Transfer), Section 12.7 purging—fill and 
empty (PFE) was used to collect the wet gas samples. 

NOTE API MPMS Ch. 14.1 scope is limited to gas sampling at or above the natural gas hydrocarbon dew point. 
Furthermore, API MPMS Ch. 14.1 states the sampling of multiphase flow streams (free liquid and gas) should be 
explicitly avoided. 

The wet gas samples were analyzed using gas chromatograph (GC) methods and compared to 
measured reference gas flow rate and liquid flow rate streams. This report summarizes the wet gas 
testing methodology, test setup, test results, conclusions, lessons learned, and recommendations. 
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Disclaimer 

The dry gas sampling method per API MPMS Ch. 14.1, Section 12.7 PFE was used to gather the wet gas 
samples in this study. API MPMS Ch. 14.1 scope is limited to gas sampling at or above the natural gas 
hydrocarbon dew point. Furthermore, API MPMS Ch. 14.1 states, “The sampling of multiphase flow 
streams (free liquid and gas) should be explicitly avoided.” 
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Wet Gas Sampling 

1 Introduction 

Current API/GPA1 standards only address dry gas sampling, such as encountered with pipeline quality 
gas. Dry gas can be defined as gas at or above the saturation temperature at the operating pressure in 
the pipe with no free hydrocarbon liquids present. Dry gas sampling techniques can produce large bias 
errors when free liquids are brought into the sampling vessel. Captured wet gas samples may not 
represent the true ratio of the gas and the liquid components in the flow stream. 

In two-phase flow, the gas and the liquid components are not homogenous; they flow at different 
velocities and in different quadrants of the pipe. The phase distribution in the pipe is a function of the 
fluid’s two-phase flow regime that depends on complicated wet gas parameters, including the gas–liquid 
density ratio, superficial gas and liquid velocities, pipe diameter, interfacial tension, and other two-phase 
flow parameters. Upstream and downstream fittings and pipe elevation changes can create liquid “hold-
up” areas where liquid velocities slow and occupy a larger percentage of the pipe. The objective of the 
study is to characterize the uncertainties of using dry gas sampling techniques to collect samples from a 
wet gas stream. 

2 Wet Gas Physical and Technical Challenges 

Extracting the correct liquid-to-gas ratio is crucial to obtaining a sample that represents a two-phase 
source. In a two-phase natural gas stream, the liquid phase contains high concentrations of the heaviest 
hydrocarbon components, the heaviest components have the highest heating value per unit volume, and 
a small volume of liquid expands to a large volume of gas. Uncertainty in the quantity of liquid included in 
a two-phase sample magnifies uncertainty in the composite fluid composition, which is the basis for 
determining heating value. Too much liquid in the sample and the heating value will be too high; too little 
liquid in the sample and the heating value will be too low. 

The ratio of the gas mass flow rate to the liquid mass flow rate directly impacts the fluid’s overall 
composition, which in turn affects the BTU content traveling down the pipe. Extracting a wet gas sample 
from a single, discreet location in the pipe may not represent the true ratio between the gas and the liquid 
bulk mass flow rates. Liquids may not flow uniformly from the sampling probe’s tip through the connecting 
tubing leading to the sampling vessel. Depending on the sampling fluid velocity in the connecting tubing, 
liquids can cling to the connecting tubing walls or collect in the connecting fittings. Depending on heat losses 
between the connecting tubing and the ambient air, the saturated gas flowing through the connecting tubing 
can further condense depositing additional liquids in the connecting tubing walls and fittings. Depending on 
the pressure drop from the sampling probe’s tip to the sampling vessel, liquids clinging to the connecting 
tubing walls may flash or further condense and change the sample vessel’s composition. 

Existing analytical methods of a captured wet gas sample require the entire sample be raised to an 
elevated temperature that vaporizes all the sample’s components. Since the components in the captured 
sample are not known a priori, one must guess the required elevated temperature to vaporize all the 
components. Additionally, sampling bottle seals are often not rated to the temperature required for 
complete vaporization. 

 

1 GPA Midstream Association (GPA), 6060 American Plaza, Suite 700, Tulsa, OK 74135, www.gpamidstream.org. 
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Given the daunting challenges associated with wet gas sampling and the many variables that influence 
the results, the API Wet Gas Sampling Committee decided to conduct a limited-scope wet gas sampling 
study using a binary mixture of methane and heptane. The goal of the study was to quantitatively 
characterize the uncertainty of the wet gas sampling for the tested binary mixture. Furthermore, a 
secondary objective was to develop testing methodologies and analyses that could be used for future 
testing on more complex mixtures that better represent wet gas components that exist in the field. 

3 Executive Summary 

Wet gas samples of a two-phase, binary mixture of methane and n-heptane were taken in a controlled, 
closed-loop test facility. The dry gas sampling method per API MPMS Ch. 14.1, Section 12.7 PFE was 
used, and the resulting sampling errors were determined. Wet gas samples were analyzed using 
GPA 2261-19, and the resulting compositions were compared to measured reference gas and liquid mass 
flow rate streams. The testing was limited in scope to 700 psig, temperature, constant gas rate, a 3-in. 
pipe, and using only the API MPMS Ch. 14.1 PFE method. The sampling probe tip was placed at a single 
elevation in the center of the pipe. The closed-loop test facility used a gas–liquid separator, a multiphase 
pump to circulate the gas–liquid mixture, and a heat exchanger to control temperature. A calibrated orifice 
plate was used to measure the methane gas mass flow rate. A calibrated Coriolis meter was used to 
measure the n-heptane liquid mass flow rate prior to being comingled upstream of the sampling point. 
Methane gas mass flow rates and n-heptane liquid mass flow rates were measured in their respective 
single-phase measurement locations. Pressures and temperatures were monitored at various points in 
the system to maintain operating target conditions. A total of 28 wet gas samples were taken downstream 
of the gas–liquid mixing tee at four different Lockhart-Martinelli numbers (XLM). Seven samples (six 
repeats) were taken at each Lockhart-Martinelli number to determine repeatability. An expanded 
uncertainty analysis was performed and included both random and systematic errors in the flow loop 
reference standards, relevant flow loop instrumentation, the GC wet gas sample analysis, and the mixing 
equation of state (EOS) model used in the analysis. The results are as follows. 

— For all Lockhart-Martinelli numbers tested (XLM = 0.01, 0.015, 0.02, 0.025), more than 50 % of the 
free liquids were missed using the dry gas sampling method. 

— For all GVFs tested (GVF = 99.8, 99.6, 99.5, 99.4), more than 50 % of the free liquids were missed 
using the dry gas sampling method. 

— At Lockhart-Martinelli numbers of XLM = 0.01, 0.015, 0.02, 0.025, the molecular weight (MW) bias 
error negatively increased from –1.8 %, –2.9 %, –3.1 % to –4.2 %, respectively. 2 

— At Lockhart-Martinelli numbers of XLM = 0.01, 0.015, 0.02, 0.025, the resulting measured binary 
mixture’s MW expanded uncertainty at a 95 % confidence level was 2.35 %, 2.20 %, 4.69 %, and 
3.51 %, respectively. 2 

— Data suggest that as liquid loading increases, the dry gas sampling method misses over half of the 
liquid present in the flow stream. 3 

 

2 The wet gas sampling workgroup did an independent uncertainty analysis to validate Southwest Research Institute (SwRI) values. 
The values in the main body of this report here are from SwRI, while the workgroup values are listed in a separate spreadsheet 
available with this document. 
3 Warning: The reader of this report should not apply the results of this study unless all the conditions below are met. 

1. Results only apply to a methane/n-heptane binary mixture at 700 psig. 
2. Results only apply to a 3-in. Schedule 160 pipe. 
3. Results only apply to the API MPMS Ch. 14.1 PFE sampling technique where the sampling probe is inserted into the 

center of a 3-in. pipe. 
4. Results only apply to Lockhart Martinelli (XLM) numbers between 0.01 and 0.025. API Type I wet gas flow is defined 

as XLM < 0.02. API Type II wet gas flow is defined as 0.02 < XLM < 0.02. 
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— The random error in the wet gas sampling (variability in the wet gas measured MW) was (on average) 
10 times larger than the saturated gas random error. This suggests sample extraction issues; 
specifically, the liquid in the pipe is not consistently making it to the tip of the sampling probe, through 
the connecting tubing and associated needle valves and into the sampling vessel. Alternately, the 
large random error could be caused by flow regime dependencies and the chaotic nature by which 
liquid flows with the gas in a two-phase environment. 

The testing scope and methodology developed by the API Wet Gas Sampling Committee along with 
lessons learned and recommendations are presented herein. 

4 Acronyms 

DP differential pressure 

GVF gas volume fraction 

P&ID piping and instrumentation diagram 

PVT pressure volume temperature relationship 

XLM Lockhart-Martinelli parameter 

5 Wet Gas Sampling and Testing Methodology Considerations 

A description of the history and the importance of wet gas sampling can be found in Annex A of this 
report. As mentioned in the introduction, wet gas sampling is an extremely difficult measurement with 
many influencing variables. 

Various single-phase gas sampling methods were initially considered for the wet gas sampling testing 
program. The full descriptions of these methods, their potential use in wet gas applications, and probe 
orientations are described further in a literature survey report that focuses on identifying potential wet gas 
sampling methods. This literature survey report is located in Annex C. 

Based on the literature survey findings, three different techniques that are traditionally used for single-
phase gas sampling were recommended for evaluation under the wet gas sampling testing program. 
These sampling methods include: 

1) purging—fill and empty, 

2) helium pop, 

3) constant pressure cylinder methods. 

In addition to the single-phase gas sampling techniques considerations, the API Wet Gas Sampling 
Committee considered two different testing approaches for evaluating the wet gas sampling methods. 
This includes the liquid dropout testing approach and the liquid injection testing approach. Each of these 
testing approaches offer different benefits and complexities when being used to evaluate the sampling 
methods. A description of these testing approaches is included in each respective subsection below. 

5.1 Liquid Dropout Testing Approach 

In the liquid dropout testing approach, the flow loop utilizes a closed-loop system in which a high 
hydrocarbon dew point gas is used as the test fluid. This gas would transition between a single-phase gas 
stream to a wet gas stream by using heating and cooling systems (i.e. heaters and chillers). 
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It was anticipated that the dry gas section of the flow loop, upstream of the wet gas stream, would have 
dry gas metering and a sampling port. An online GC would measure and analyze the composition of the 
dry gas to establish quasi steady-state conditions of the flow. The wet gas section of the loop would need 
to facilitate the wet gas sample probe configurations and additionally have a wet gas meter and use a 
liquid measurement system to verify the amount of liquid present in the flow line. A two-phase separator 
vessel is used to separate the liquid and vapor phases and adequately measure the amount of liquid in 
the flow line. 

The liquid dropout test approach is a test method that best represents the gas phase change process that 
would occur for generating a wet gas stream in the field. Therefore, the methods that are used for 
sampling a single-phase gas could (in theory) effectively be evaluated for sampling a wet gas under 
similar field conditions. Although this test approach best represents the physical wet gas generation 
process, this approach has less controllability in the formation of wet gas as it is strongly dependent on 
thermal processes. Previous liquid dropout tests proved difficult to control. A closed-loop mass and 
energy balance confirmed that it is impractical to achieve the Lockhart-Martinelli numbers of interest. 
Additionally, producing this type of flow in a recirculating flow loop would require substantial thermal 
insulation and significantly large heating and cooling systems to convert the gas into a liquid phase and 
vice versa. This approach is therefore limited on the heating and cooling resources available to generate 
a wet gas stream. 

5.2  Liquid Injection Test Approach 

In the liquid injection testing approach, the flow loop utilizes a closed-loop system, where a single-phase 
saturated liquid hydrocarbon is measured using a reference meter and injected into a single-phase, 
saturated gas stream creating a two-phase “wet gas” stream. The two-phase stream flows through the 
test section with the sampling probe installed and discharges into a vessel to separate the mixed stream 
into their respective bulk fluid phases downstream of the test section. 

Like the liquid dropout testing approach, the liquid injection testing approach has saturated gas metering 
and a sampling port on the saturated gas section of the flow loop, where a GC measures and analyzes 
the composition of the saturated gas to establish quasi steady-state conditions of the flow. 

The liquid injection test approach replicates a wet gas stream without the use of thermal or phase change 
processes by injecting a saturated liquid, at a defined flow rate, into a single-phase saturated gas stream. 
While this test approach does not fully represent the physical wet gas generation process, it provides a 
controlled method for producing a wet gas stream with known and repeatable conditions and eliminates 
the need of large heating and cooling resources for transitioning the single-phase gas stream to a wet gas 
stream. 

6 Test Objectives and Approach 

The objective of the testing program was to evaluate and quantify the performance of a single-phase dry 
gas sampling method to obtain representative samples of a wet gas stream. Specifically, this effort 
evaluated the sampling method performance with Lockhart-Martinelli (XLM) parameters less than or 
equal to 0.020, which cover the range of API Type I flows. While the original scope was to evaluate 
sampling performance with XLM parameters less than or equal to 0.020, after the initial test results were 
evaluated by the committee, it was decided to increase the XLM parameter limit to 0.025. This is 
discussed further in the Test Matrix section of this report. 

To make the best use of both the testing program’s cost and schedule constraints, the API Wet Gas 
Sampling Committee decided to conduct a limited-scope feasibility testing campaign using a two-phase, 
binary mixture of methane and n-heptane. This feasibility study focused on controlling a few key variables 
for the initial wet gas sampling performance assessment. The following scope-limiting decisions were 
made to reduce the cost of the testing. 
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— One single pipe size, 3-in. Schedule 160. 

— One gas sampling technique assessed, API MPMS Ch. 14.1 PFE. 

— Utilizing a two-component mixture, methane and n-heptane. Note that EOS mixing equations are well 
established for binary mixtures. 

— Four Lockhart-Martinelli numbers, API Type I and Type II wet gas zones were studied, XLM = 0.01, 
0.015, 0.02 and 0.025. 

— One single sampling probe tip geometry, square-cut tip. 

— One single sampling probe location, center of the pipe. 

— One single pressure, 700 psig. This limits the gas–liquid density ratio to one. 

Additionally, the wet gas sampling testing effort was completed using a liquid injection approach, in which 
a known single-phase saturated liquid stream was injected into a known single-phase stream of saturated 
gas to create a reference two-phase stream of wet gas upstream of a wet gas sampling location. A 
schematic drawing of the testing configuration is shown in Figure 1. Once the samples were collected 
from the flow loop, a compositional analysis of the wet gas sample was compared to the reference wet 
gas stream to assess the performance of the PFE dry gas sampling method. 

The test program was conducted over a two-day period, in which fluid samples were collected from the 
wet gas stream in accordance with recommendations from API MPMS Ch. 14.1. After collection, the 
sample bottles were provided to FESCO for sample analysis per GPA 2261 (Analysis for Natural Gas and 
Similar Gaseous Mixtures by Gas Chromatography). 

 

Figure 1—Closed-loop Liquid-injection Testing Configuration P&ID Drawing 
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7 Test Facility and Testing Configuration 

Testing was conducted in the high-pressure flow loop at SwRI’s Multiphase Flow Facility (MFF), which is 
rated for pressures up to 3600 psig and can operate within a temperature range of approximately 60 °F to 
100 °F. 

The main components of the flow loop are a twin-screw multiphase pump with variable speed drive, a 
gas/liquid separator, a gas filtration/drying vessel (containing cyclones, vane pack, and coalescing 
elements), various meters, control valves, and a test section. Although the flow loop can be configured in 
a variety of ways to accommodate different types of testing, the general operation of the loop consists of 
the multiphase flow stream from the pump discharging into the separator, where the flow is then divided 
into gas and liquid streams that can be separately metered and routed to the test section. The liquid 
stream can be separated into a water and oil stream by using separator internals and a weir plate. The 
flow loop also has a liquid bypass line around the pump that is used for capacity control and to maintain 
the minimum 5 % liquid flow volume required by the pump. A heat exchanger on the liquid bypass is used 
to control the loop temperature. Figure 2 through Figure 5 show photographs of the facility, a model of the 
test layout, and the test section used during this program. 

 
Photograph courtesy of SwRI. 

Figure 2—SwRI Multiphase Flow Facility 
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Model courtesy of SwRI. 

Figure 3—Model of Test Section Layout 

 
Photograph courtesy of SwRI. 

Figure 4—Test Section Photograph—View from Upstream of Wet Gas Sample Location 
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