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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 APl 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 L-e of
this publication would not infringe upon privately owned rights.

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

API is not undertaking to meet the duties of employers, manufacturers, or suppliei > to warn and properly
train and equip their employees, and others exposed, concerning health and sai ty risks‘and precautions,
nor undertaking their obligations to comply with authorities having jurisdic.n.

API publications may be used by anyone desiring to do so. Every ~ffoit has been made by the Institute to
ensure the accuracy and reliability of the data contained in ther.: =>wever, the Institute makes no
representation, warranty, or guarantee in connection with this proncaticn and hereby expressly disclaims
any liability or responsibility for loss or damage resulting from.its 'se or for the violation of any authorities
having jurisdiction with which this publication may conflict.

API publications are published to facilitate the broac aviilability of proven, sound engineering and
operating practices. These publications are not intenaed to obviate the need for applying sound
engineering judgment regarding when and wherc these publications should be utilized. The formulation
and publication of API publications is not inte'.de in ‘any way to inhibit anyone from using any other
practices.

Any manufacturer marking equipment ar \2atzrials in conformance with the marking requirements of an
API standard is solely responsible for coi.»nlying with all the applicable requirements of that standard. API
does not represent, warrant, or qucrantee that such products do in fact conform to the applicable API
standard.

A righte rescrved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any
1 neal., electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher.
Countact the publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2024 American Petroleum Institute
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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 APl Wet Gas Sampling Committee, under the APl 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 APl Manual of Petroleum Measurement Standards (MPMS) Chapter 14.1
(Collecting and Handling of Natural Gas Samples for Custody Transfer), Section 12.7 purging—.' 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 hydrc »urbc~ dew point.
Furthermore, APl MPMS Ch. 14.1 states the sampling of multiphase flow streams (free liquid and ¢as) should be
explicitly avoided.

The wet gas samples were analyzed using gas chromatograph (GC) methods ad compared to
measured reference gas flow rate and liquid flow rate streams. This report zum ~ari_es the wet gas
testing methodology, test setup, test results, conclusions, lessons learnec. i rfeccmmendations.
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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. APl 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/GPA" 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 I
the pipe with no free hydrocarbon liquids present. Dry gas sampling techniques can produce larg> bias
errors when free liquids are brought into the sampling vessel. Captured wet gas samples 1.:ay 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 fior av different
velocities and in different quadrants of the pipe. The phase distribution in the pipe s a function of the
fluid’s two-phase flow regime that depends on complicated wet gas parameters, inclucng the gas-liquid
density ratio, superficial gas and liquid velocities, pipe diameter, interfacial tensic?, anu other two-phase
flow parameters. Upstream and downstream fittings and pipe elevation changus ce» cr.ate liquid “hold-
up” areas where liquid velocities slow and occupy a larger percentage ~f *.i\c.oipz. The objective of the
study is to characterize the uncertainties of using dry gas sampling techniq, 1es .0 collect samples from a
wet gas stream.

2 Wet Gas Physical and Technical Challenges

Extracting the correct liquid-to-gas ratio is crucial to obtaiving a sample that represents a two-phase
source. In a two-phase natural gas stream, the liquid ptiase ccintains high concentrations of the heaviest
hydrocarbon components, the heaviest components havo th2 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_th» ccmposite 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 'l Lo "00 low.

The ratio of the gas mass flow rafe ‘o0 uic 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 ir-the » pe may not represent the true ratio between the gas and the liquid
bulk mass flow rates. Liquids na; not flow uniformly from the sampling probe’s tip through the connecting
tubing leading to the sampliag veesel. Depending on the sampling fluid velocity in the connecting tubing,
liquids can cling to the cennecing tubing walls or collect in the connecting fittings. Depending on heat losses
between the connecting tubii\g and the ambient air, the saturated gas flowing through the connecting tubing
can further condense dep siting additional liquids in the connecting tubing walls and fittings. Depending on
the pressure dro 1.om the sampling probe’s tip to the sampling vessel, liquids clinging to the connecting
tubing walls may 'ash or further condense and change the sample vessel’'s composition.

Existing cnalytical methods of a captured wet gas sample require the entire sample be raised to an
elevatel te nperature that vaporizes all the sample’s components. Since the components in the captured
sempic. are 1ot known a priori, one must guess the required elevated temperature to vaporize all the
con.nonents. Additionally, sampling bottle seals are often not rated to the temperature required for
cemplete vaporization.

1 GPA Midstream Association (GPA), 6060 American Plaza, Suite 700, Tulsa, OK 74135, www.gpamidstream.org.
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