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Disclaimer

This report was prepared by Southwest Research Institute (SWRI®) as an account of contracted
work sponsored by the United States Minerals Management Service (MMS). Neither SWRI, MMS,
members of these organizations, nor any person acting on their behalf:

a. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, methods, or process disclosed in this report may not infringe upon
privately owned rights; or

b. Assumes any liability with respect to the use of, or for damages resulting from the use of, any
information, apparatus, method, or process disclosed in this report.

References to trade names or specific commercial products, commodities, or services in this report does
not represent or constitute an endorsement, recommendation, or favoring by SWRI or MMS of the specific
commercial product, commodity, or service.
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1.0 Introduction

The revision of the American Petroleum Institute (API) Manual of Petroleum Measurement
Standards (MPMS) Chapter 14.1, Collecting and Handling of Natural Gas Samples for Custody Transfer
(Reference 1), was completed in 2001. During the revision, the API Chapter 14.1 Working Group
compiled a list of unresolved technical issues related to natural gas sampling methodology. An
investigation into these technical issues has been ongoing at Southwest Research Institute (SWRI) since
2001, under the Gas Technology Institute (GTI) Measurement Research Program, co-funded by the Gas
Technology Institute and the U.S. Minerals Management Service.

This report presents the results of experimental research to evaluate a proposed test protocol to
verify the performance of natural gas sampling methods. This protocol is intended to serve as a means of
assessing new gas sampling methods for the natural gas industry and should facilitate the development of
new and better gas sampling methods. By providing a reliable procedure for new sampling methods to be
introduced to the natural gas industry, it will be possible to more accurately determine the energy content
of natural gas and reduce the magnitude of errors in natural gas measurements.

A proposed test protocol was drafted by an ad hoc committee of the API Chapter 14.1 Working
Group as an addendum to Chapter 14.1. However, until the work described herein was completed, the
procedure had not been experimentally validated. The present work involved applying the proposed test
protocol to established sampling methods described in GPA (Gas Processors Association) Standard 2261
(Reference 2) and discussed in API Chapter 14.1, as well as to selected new sampling methods. The
primary goal of this testing was to evaluate the test protocol. A secondary goal was to assess the ability
of several new sampling methods to provide representative gas samples.

Per the requirements of the proposed test protocol, testing of the methods was carried out under
both optimum and adverse conditions. For the purposes of this report, “optimum” conditions are
considered to be situations where both the pipeline and the ambient temperatures are well above the
hydrocarbon dew point (HCDP). On the other hand, “adverse” conditions are defined as situations in
which the pipeline temperature is within 5°F of the HCDP, but the ambient temperature is at least 20°F
below the HCDP. The testing under optimum conditions was performed at the Southwest Research
Institute Metering Research Facility (MRF), and the adverse conditions tests were conducted at the
Questar Pipeline Company metering station in Powder Wash, Colorado.

This combination of sampling methods and test conditions was chosen to determine if the
protocol could distinguish between acceptable and unacceptable methods, where an acceptable method is
considered to be one that produces a representative sample of the flowing gas stream. By using the
verification protocol to test currently-recommended sampling methods, it could be determined whether
methods known to provide accurate results when performed correctly would pass the tests in the protocol,
and whether the acceptance criteria in the protocol were too strict. Including proposed new methods in
the test plan allowed for an evaluation of methods that are not already included in the industry standards,
but show potential as viable alternatives. The tests also helped to identify any problems with the
procedure, and to determine the practicality of the procedure and its ease of implementation in field
settings, especially under adverse conditions.

This report describes the testing that was done to evaluate the proposed test protocol and presents
the results obtained for both established and new gas sampling methods. The proposed test protocol and
the sampling methods that were tested are briefly reviewed in Chapter 2. Chapter 3 presents the results of
the sampling tests. This chapter is divided into sections for each test site, and each subsection contains
complete documentation of the test facility and conditions, as well as a summary of the results obtained.
Chapter 4 concludes the report with a comparison of the results from all of the sampling tests and an
assessment of the proposed test protocol itself. For reference purposes, several items have been included
in the appendices of this report. These items include the complete text of the proposed test protocol



(Appendix A), procedures for the new sampling methods (Appendix B), gas chromatograph setup and
calibration data (Appendix C), and a detailed tabulation of the results from all of the sampling tests
(Appendix D).



2.0 Test Protocol and Sampling Methods

This chapter contains a brief overview of the proposed test protocol and presents the sampling
methods that were considered for use in this investigation. The complete test protocol and detailed
procedures for the new sampling methods may be found in Appendices A and B, respectively.

2.1 Performance Verification Test Protocol

A draft of the proposed test protocol used for the present testing may be found in Appendix A.
As of the date of this report, the proposed test protocol was in the API ballot process. It is expected that
the results and experience obtained from this testing will be used to revise the protocol before final
publication.

The proposed test protocol requires that the gas samples be evaluated in terms of both
repeatability and reproducibility. For purposes of this protocol, the API definition of repeatability is used:
the comparison of back-to-back analyses using the same sample, chromatograph and operator (Reference
1). Reproducibility is defined as the comparison between the analysis of the flowing gas stream itself and
the analysis of a spot or composite sample taken from the same stream. For each sampling method under
evaluation, the protocol requires that a minimum of five samples be taken, and that each sample be
analyzed at least three times. Repeatability and reproducibility of all gas stream components (typically C,
through Cy, CO,, and N,) and the heating value are evaluated. (The methods used to analyze the data for
these tests will be discussed in more detail in Section 3.1.3.) Results of successive analyses of each
sample are compared to judge the repeatability of the sample; reproducibility is assessed by determining
how well a sample analysis matches the analysis of the flowing gas stream, determined with an online or
portable gas chromatograph, and analyzed at the same time that the sample is drawn from the flowing gas
stream. The acceptance criteria for repeatability and reproducibility established by the proposed test
protocol for composition and heating value are shown in Table 1 and Table 2. The values for the
individual components are taken directly from API Chapter 14.1, Appendix E.

Table 1. Acceptance criteria established by the proposed test protocol for repeatability and
reproducibility of sample components.

Repeatability Criteria Reproducibility Criteria
Mol % Max. Allowed Mol % Max. Allowed
Concentration | Deviation (+ Mol %) | Concentration | Deviation (+ Mol %)

Oto1 0.02 Oto 1 0.04
>1to5 0.10 >1to5 0.13
>5to 15 0.18 >5to 15 0.26
> 151030 0.28 > 15030 0.38
>30to0 50 0.40 >30to0 50 0.50
>50 0.52 > 50 0.63




Table 2. Acceptance criteria established by the proposed test protocol for repeatability and

reproducibility of sample heating values.

Repeatability Criteria Reproducibility Criteria

1 Btu/scf 3 Btu/scf

Some key features and requirements of the test protocol are as follows:

The protocol provides acceptance criteria for repeatability (of multiple samples from the
same sample cylinder) and reproducibility (of the flowing stream composition by the spot
samples).

The same gas chromatograph is used to analyze the flowing gas stream itself and the spot or
composite samples taken from the stream, to eliminate any bias error caused by using
different chromatographs. The chromatograph, sample delivery system, and calibration
procedures must comply with the requirements of API Chapter 14.1, Appendix E.

Cleanliness of all analysis equipment must be verified before tests.

A proposed sampling method is to be tested on at least two different gas compositions, under
both optimum and adverse conditions.

The hydrocarbon dew point of the gas stream must be measured before the tests, and
equipment must be kept well above the dew point to prevent sample distortion.

Verification that the chosen sampling location has a steady flow rate and a stable gas
composition is required prior to the sampling tests.

Specific reporting requirements are given to ensure proper documentation of the procedure
and results.

2.2 Sampling Methods

The API Chapter 14.1 Working Group identified a total of nine sampling methods as candidates
for testing using the protocol. Of these, five were established methods that are currently recommended in
API Chapter 14.1, and the remaining four were proposed new methods. As the project progressed, it was
decided not to test some of the methods, and results were ultimately obtained for three established
methods and three new methods. The sampling methods that were used and those that were considered
but not tested are discussed in the following sections.

2.2.1 Established Sampling Methods Tested Using the Protocol

The proposed test protocol was used to test three of the methods described in GPA 2261
(Reference 2) and listed in API Chapter 14.1 as acceptable for use. The established sampling methods
that were tested as a part of the current project are as follows:

Purging — Fill-and-Empty Method
Helium Pop Method
Purging — Controlled Rate Method



For these methods, the procedures given in the 2003 draft of GPA Standard 2166 were followed. As its
name suggests, the Fill-and-Empty method involves alternately filling and emptying the sample cylinder a
specified number of times before filling it with the final gas sample. This purging cycle serves to remove
any helium blanket gas or other residual contents from the sample cylinder before the final sample is
taken. For the Helium Pop method, the sample cylinder is evacuated and charged above atmospheric
pressure using a small amount of helium, to prevent air leaks into the cylinder, before the cylinder is filled
with the gas sample. The Controlled Rate Purge method is similar to the Fill-and-Empty procedure,
except that natural gas flows continuously through the sample cylinder to purge it for a specified period of
time before a gas sample is collected.

The Fill-and-Empty and Helium Pop methods were chosen for testing since they are commonly used, and
since experience within the API 14.1 Working Group indicated that these methods would perform well
under relatively adverse conditions. Although the Controlled Rate Purge method is listed in API Chapter
14.1 as acceptable for use, this method was expected to do poorly when used under adverse conditions,
and it was included to test the ability of the verification protocol to distinguish between acceptable and
unacceptable methods. Informal experience within the Working Group suggested that under adverse
conditions, heavy hydrocarbons would condense in the sample cylinder as gas was purged through the
cylinder, leading to samples with higher heating values than the actual flowing stream.

2.2.2 Proposed New Sampling Methods Tested Using the Protocol

The verification test procedure was also applied to three new sampling methods proposed to the
API Chapter 14.1 Working Group:

e Pitot and Bypass Method - proposed by Fred Van Orsdol, SPL Corporation

e High-Pressure Helium Displacement Method - proposed by Eric Fritz, Natural Gas Pipeline
Company of America

e Modified Helium Pack Method - proposed by R. Mark Haefele, BP

Detailed procedures for these three methods may be found in Appendix B. The Pitot and Bypass
method is a modification of the Controlled Rate Purge method designed to eliminate venting of the purge
gas to the atmosphere. In this method, the outlet of the sample cylinder is connected to a second tap on
the pipeline, so that during purging, flow passes through the sample cylinder and reenters the pipeline
downstream of the gas sampling point. The High-Pressure Helium Displacement method also follows a
procedure similar to the Controlled Rate Purge method, except that the sample cylinder is initially
charged with helium to a pressure greater than the pipeline pressure. When the valves are initially
opened, the helium purges the sample probe and flows into the pipeline. The Modified Helium Pack
method is also a procedure similar to the Helium Pop method, except that the sample cylinder is
evacuated after attachment to the pipeline, thus eliminating the emission of gas to the atmosphere. All of
these methods use a sample cylinder that is initially pressurized with helium to a pressure above the
pipeline pressure so that the sample probe can be back flushed prior to sampling.

2.2.3 Sampling Methods Considered but Not Tested

Three out of the nine sampling methods that were initially proposed for testing under the
verification protocol were not tested due to limitations of the project budget and schedule. The methods
that were not tested are as follows:



e  Water Displacement Method - GPA 2166 (Reference 2)
e Glycol Displacement Method - GPA 2166 (Reference 2)
e Two-Stage Absorption Method - proposed by Chris Cowper, EffecTech Ltd.

The two GPA methods were eliminated because they are less commonly used than the other GPA
methods tested. The Two-Stage Absorption method was not tested due to its complexity, and due to the
fact that the API 14.1 Working Group concluded that its purpose was not in line with the goals of this
project.



3.0 Sampling Tests

The sampling tests performed to evaluate the proposed test protocol were performed at two sites.
The testing under optimum conditions was performed at the SwWRI Metering Research Facility, while the
adverse condition tests were conducted at a Questar Pipeline metering station in Powder Wash, Colorado.
One feature of the proposed test protocol is that it requires extensive documentation of the tests and
results. In accordance with those requirements, this chapter contains detailed information on the facilities
and conditions found at each test site, along with the results obtained from the testing. This chapter
concludes with an overall comparison of the results from all of the sampling tests, and an assessment of
the proposed test protocol itself.

3.1  Verification Tests Performed Under Optimum Conditions

The testing under optimum conditions was conducted at the SWRI Metering Research Facility.
During this testing both the pipeline and ambient temperature were well above the HCDP. At the MRF,
the Fill-and-Empty method, the Helium Pop method, and the Controlled Rate Purge method were tested.
The original project plans called for the three new sampling methods to also be tested at the MRF, but
equipment problems discussed below required a revision to the scope of work, and it was decided to test
the new methods only at the field site. Since the conditions at the field site were far less favorable than
those at the MRF, testing the new methods only at the field site still provided a worst-case evaluation of
the new methods.

3.1.1 Facility and Equipment

The testing was performed in lean gas (nominally 1,050 Btu/scf) using the High Pressure Loop
(HPL) at the MRF. The HPL was configured for the sampling tests by installing several existing pipe
spools equipped with fittings for the sample probes in the test section of the loop. Figure 1 is a schematic
of the test facility layout showing where the various pieces of equipment were installed in the HPL test
section. All of the sampling locations were located at least 8 pipe diameters downstream of any
component that could create a flow disturbance. A photograph of the facility taken during the tests is
shown in Figure 2.

header é
flow .
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Sampling Chilled temperature
location Unused mirror ﬁﬁ
| |

u [ | [ | 1L 11
| | | | | B | | |
87x6” 36 3/8” 44 43 %> 59 % 6”x8 ’
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Figure 1. Schematic of the MRF test section showing the piping arrangement and spot sampling
locations.



ir""—' i

Spot Sampling [ 2
Location """‘" :

N\

Dew Scope
Sampling Location

o ;|'-'-
&y :
e %,

Figure 2. MREF test section piping configured for the sampling tests. The schematic for this setup is
shown in Figure 1.

Figure 3 is a photograph of the sampling apparatus used for tests of the Controlled Rate Purge
method. The arrangement of the equipment for the other methods was similar to the arrangement shown
in this figure. The sample probes had angle-cut ends and were sized so that the tip of the probe was
located in the center one-third of the pipe. Whitey™ ball valves were installed on the sample probes and at
the end of the pigtail. In keeping with the common practice, the API 14.1 Working Group requested that
the sample cylinders used for the testing be equipped with YZ® needle valves at each end. All
connections and pigtails were made with %~ OD stainless steel tubing and %4” NPT fittings. For the
Controlled Rate Purge method, a drilled plug with a 0.02-inch diameter bore was installed at the end of
the pigtail, in accordance with API Chapter 14.1. A separator [as described in GPA 2166 (Reference 2)]
was not included in any of the sampling systems for this testing, since the flowing gas temperature and
equipment temperatures were all well above the HCDP of the gas.

Preparation of the sampling equipment followed the procedures given in the proposed test
protocol. All of the sample cylinders, valves, probes, and tubing were steam cleaned prior to use. After
cleaning, all of the sample cylinders were evacuated, and cylinders to be used for the Helium Pop method
were charged with helium. A total of fifteen 300-cc sample cylinders were prepared for testing, so that
three different methods could be tested before cylinders had to be reused. To verify the cleanliness of the
sample cylinders, two of the cylinders were charged with helium (99.999% purity) to 50 psig and heated
to 180°F for 12 hours. Gas Chromatographic (GC) analysis of the contents of these cylinders showed no
peaks in the chromatograms, hence, it was concluded that the cleaning process had left no residual
hydrocarbons in the cylinders.

To gather information about the test conditions and sampling equipment, the standard
instrumentation at the HPL was used, along with some additional thermocouples installed at several key
locations in the gas sampling system. Exposed-junction, type T thermocouples were taped to the sample
probe just above the pipeline, the tubing just below the sample cylinder inlet, the GC sample probe just
above the pipeline, and the GC inlet. Surface temperature data from these sensors was read and logged by
an HP Model 34970A data logger at one-second intervals. In addition to these measurements, the HPL
instrumentation recorded the temperature, pressure and flow rate of the gas stream, and the ambient



temperature. The temperature and pressure of the gas stream were measured using Rosemount Model
3144 and 3051C transmitters, respectively. The flow rate was determined using the HPL critical flow

nozzles, and verified using two reference turbine meters.

Figure 3. Sampling equipment used in tests of the Controlled Rate Purge method at the MRF.
Bottom left, pigtail and end valve; bottom right, sample probes with isolation valve and pressure
gauge connection. The scale on the tape measure is in inches.

As required by the proposed test protocol, the HCDP of the gas stream was determined by using a
manual chilled mirror tester (dew scope) equipped with a video camera. Figure 4 shows the dew scope
(Chandler Engineering Chanscope II, Model 13-1200-C-N-1) in use during the tests at the MRF. The



temperature sensor in the dew point tester was calibrated, traceable to NIST, before using the device.
Measurements of the dew point were made independently by two technicians to confirm the readings.

Spot Sampling
Apparatus

Figure 4. Dew scope connected to the MRF test section for determination of the gas stream HCDP.

It was originally planned for all of the gas composition analyses to be performed with a portable
gas chromatograph that was loaned by Questar for use in this project. This GC was to be used for
analyses of both the flowing gas stream and the gas samples, to eliminate any potential biases that could
be caused by using different instruments for the two analyses. Prior to the start of the first sampling tests,
the GC was taken to the MRF calibration laboratory and all of the preparation, calibration, and
verification procedures of the proposed sampling verification protocol were performed. Although the GC
met all of the requirements of the protocol, problems were encountered when the GC was moved outdoors
to the HPL for the sampling tests. During these tests, the calibration drifted and the instrument failed to
produce repeatable analyses of the flowing gas stream. The cause of the drift was traced to changing
ambient conditions. Figure 5 contains two chromatograms, one taken in the morning, and the other taken
in the afternoon, illustrating the drift that was observed.
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Figure 5. Stream analyses from 10:40 am and 3:25 pm on June 18, illustrating the drift that was
observed in the portable GC during the MREF tests.

Instead of using the portable GC, it was decided to use the MRF on-line GC, which was also
operating during the sampling tests. The MRF GC is a Daniel Model 2350 capable of analyses to Cy+,
with analysis software and a sample delivery system that also complies with all of the requirements of
API Chapter 14.1. The sample probe for the Daniel GC is located far downstream of the test section, and
upstream of the critical flow Venturis used as the reference flow meters for the test facility. The MRF GC
is located outdoors, but the columns are contained in insulated ovens for year-round stable performance.
Heating of the sample cylinders or other sampling equipment was not required for these tests, as ambient
temperatures were far above the HCDP. Further details of the analysis setup may be found in Appendix
C of this report, which contains the API Chapter 14.1 inspection checklist for the sample analysis system.

The work to verify that the portable GC met all of the requirements of the sampling protocol was
repeated for the MRF GC. The procedures given in the sampling protocol were again followed for
calibration of the MRF GC. Since it is used for routine testing at the MRF, the Daniel GC is calibrated
daily on a 1,030 Btu/scf gas that was prepared in accordance with the requirements of the current revision
of API Chapter 14.1, Section 16. Analyses were repeatable to within 0.02 mol% for methane and to
within smaller limits for the other components. The MRF chromatograph was also tested on a separate
certified gas blend to determine its ability to reproduce known gas compositions. Analyses of the
“unknown” gas reproduced its certified composition to within 0.05 mol% for methane and less for the
other components. All repeatability and reproducibility values were within API Chapter 14.1 Appendix E
limits. Detailed information on the GC calibration, including fidelity plots, is included in Appendix C.

3.1.2 Test Conditions
Tests of the Fill-and-Empty method, the Helium Pop method, and the Controlled Rate Purge
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method were conducted on June 18, 2003. The specific procedures used for the testing of these methods
at the MRF can be found in the 2003 draft revision of GPA 2166, which is expected to be published in
2004. The actual procedures have changed little from the 1986 edition of GPA 2166. For tests of the
Fill-and-Empty method, three fill-and-empty cycles were completed before the final sample was
collected. For the Controlled Rate Purge method, the sample cylinder was purged for 70 seconds prior to
collection of the sample.

The gas used for the testing was obtained from the MRF storage vessels and recirculated in the
flow loop to ensure a constant gas composition during the tests. Since no gas was added or removed from
the loop while the sampling tests were being performed and all temperatures were significantly above the
HCDP, it can be assumed that the gas composition in the system was stable during the testing.

As required by the proposed test protocol, the HCDP of the gas stream was measured
immediately prior to collecting the gas samples and again at the conclusion of the testing. During
attempts to measure the hydrocarbon dew point, water vapor condensed on the chilled mirror first,
making determination of the HCDP difficult. In one run, water condensation was observed at 37°F, and
no clear evidence of hydrocarbon liquids was found until the temperature was well below 0°F. For the
test conditions, the HCDP was predicted using equations of state to be 27°F. Consequently, a dew point
of 37°F was taken as a conservative estimate of the HCDP for the tests.

The flow rate and system pressure were monitored during testing to verify that they remained
stable. Values of the line pressure and gas velocity during the periods that the three sampling methods
were tested are shown in Figure 6. A steady flow rate of approximately 435 acfm in the loop was
maintained during testing through the use of critical flow Venturis that served as the reference flow
meters for the test facility. The gas stream pressure varied only slightly, between 1,009 and 1,014 psia.
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Figure 6. Gas velocity and pressure in the loop during the sampling tests conducted at the MRF.
Vertical dashed lines show intervals during which samples were drawn using the various methods.
Flow was in a 6” diameter Schedule 80 pipe.
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The local temperatures of the sampling hardware, along with the gas stream and ambient
temperature, are plotted in Figure 7 for the periods that the samples were drawn using the three test
methods. These data show that none of the sampling equipment dropped below 71°F during the tests.
Since the gas stream temperature and the equipment temperatures were all significantly above the HCDP
(conservatively estimated to be 37°F, as discussed above), heating of the sample lines was not necessary.
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Figure 7. Equipment and gas temperatures during the sampling tests conducted at the MRF. Black

vertical lines with long dashes indicate intervals during which samples were drawn using the various

methods. Red vertical lines with shorter dashed lines indicate times when GC analyses of the flowing
stream were obtained.

3.1.3 Results

For each sampling method tested, five gas samples were collected and analyzed. Each sample
was collected in a separate 300 cc sample cylinder using the procedure appropriate for the method. After
all of the samples had been collected, the gas samples were analyzed using the MRF GC. As required by
the protocol, results of the analysis of each cylinder were compared to an analysis of the flowing stream,
also made with the MRF GC nearest to the time that the sample was drawn. Because ambient conditions
were 40°F or more above the conservative dew point of the HPL gas, and sections of the GC sample
delivery lines were heat traced to 120°F, it was not deemed necessary to heat the gas samples prior to the
analysis. The contents of each sample cylinder were analyzed six times. To be sure that the GC and
sample delivery system had been purged of the gas sample from the previous run, only the results of the
last three analyses of each cylinder were used to evaluate the method.

To illustrate the method used to evaluate the results of each sampling method, consider three
successive GC analyses of a gas sample obtained using a particular sampling method. Let the analysis
results obtained in order from a single sample cylinder be A, A,, and A;, where A;, A,, and A; represent
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either the concentration of a single component in the analysis, or the heating value of the gas composition
in the analysis. The repeatability deviation for a particular component (or the heating value) is computed
as the maximum absolute difference between successive pairs of values. In terms of the notation just
introduced,

4, -4} (Eq. 1)

The reproducibility deviation for a particular component (or the heating value) is based on the maximum
absolute difference obtained when comparing each of the three analyses to the value obtained from the
GC analysis of the gas stream taken at approximately the same time as the sample. If Agrry is the
concentration of one component, or the heating value of the gas stream, then

Az - ASTRM

Repeatability Deviation = max{ |A1 -4,

’

Ay = Agprug | } (Eq. 2)

The results obtained from the three sampling methods tested at the MRF are summarized in Table
3 through Table 5. The complete results of the analyses of each sample have been included in Appendix
D. In these tables, the first column identifies the sample cylinder used in testing the method. The second
column identifies any component that failed to meet the repeatability criteria. If all components are
within the specified limits, then the results are reported as “All OK”. The actual deviations for each
component may be found in the data included in Appendix D. The next column shows the maximum
repeatability deviation in heating value, computed from Equation 1. The last two columns of the tables
report the reproducibility results in a format similar to the repeatability results. Note, as discussed above,
that the deviations reported in these tables and in Appendix D are unsigned (i.e., only the absolute value
of the differences have been considered).

Reproducibility Deviation = max{ |A1 — Agrau

) 1

All of the samples taken using the three methods met the repeatability and reproducibility
requirements for the components and the heating value. Thus, it may be concluded that, under optimum
conditions, the three methods produced representative samples of the gas stream to within the required
limits of the proposed test protocol. These results will be discussed in more detail in Section 3.3, where
they will be compared to the results obtained from the other sampling tests.

Table 3. Summary of results from the tests of the Fill-and-Empty method conducted at the MRF
under optimum conditions.

Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder FE1 All OK 0.14 All OK 0.95
Sample Cylinder FE2 All OK 0.15 All OK 0.86
Sample Cylinder FE3 All OK 0.05 All OK 0.26
Sample Cylinder FE4 All OK 0.19 All OK 0.22
Sample Cylinder FES All OK 0.10 All OK 0.61
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Table 4. Summary of results from the tests of the Controlled Rate Purge method conducted at the MRF
under optimum conditions.

Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder CR1 All OK 0.24 All OK 0.77
Sample Cylinder CR2 All OK 0.29 All OK 1.43
Sample Cylinder CR3 All OK 0.05 All OK 0.97
Sample Cylinder CR4 All OK 0.63 All OK 0.69
Sample Cylinder CRS All OK 0.70 All OK 0.73

Table 5. Summary of results from the tests of the Helium Pop method conducted at the MRF under optimum

conditions.
Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder HP1 All OK 0.07 All OK 0.96
Sample Cylinder HP2 All OK 0.04 All OK 0.99
Sample Cylinder HP3 All OK 0.60 All OK 0.87
Sample Cylinder HP4 All OK 0.03 All OK 0.80
Sample Cylinder HP5 All OK 0.21 All OK 0.84

3.2 Verification Tests Performed Under Adverse Conditions

For tests of the sampling methods under adverse conditions, a field site was desired with a rich
gas stream (1,200-1,400 Btu/scf) at line conditions just above the HCDP. The field site was also required
to have a stable gas composition and adequate infrastructure for performing the testing (sampling ports,
pipeline instrumentation, an accessible GC, etc.). The site selection committee sent questionnaires to a
number of companies, and received information on seventeen candidate sites for the field tests.

The site chosen for the field testing of the proposed test protocol is a Questar Pipeline metering
station in Powder Wash, Colorado. The testing was performed under adverse conditions during which the
pipeline temperature was at or just above the HCDP and the ambient temperatures were well below the
HCDP. At the Powder Wash site, the following methods were tested: Fill-and-Empty, Helium Pop,
Controlled Rate Purge, Pitot and Bypass, and High-Pressure Helium Displacement. An attempt was made
to test the Modified Helium Pack method, but due to the cold conditions, the vacuum pump needed for
this method would not function, and a second vacuum pump also failed, so that testing of this method was
not possible.
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3.2.1 Facility and Equipment

The testing was performed in rich gas (nominally 1,200 Btu/scf) at the Questar metering station in
Powder Wash, Colorado. This is the same site used during the composite sampler tests conducted in 1999
and 2000 and discussed in Reference 3. The samples were collected from a straight section of 8-inch-
diameter pipe located immediately upstream of an orifice meter. This section of pipe had four sampling
locations located five pipe diameters apart. A photograph of the facility taken during the tests is shown in
Figure 8. In the direction of flow, the first pair of sampling locations contained the curved probes used
for the Pitot and Bypass method. The next sampling location was equipped with a straight probe that was
used for the other sampling methods tested. The fourth sampling location at the downstream end of the
pipe was used for the dew point tester and the gas chromatograph. The spacing between the sampling
locations was sufficient to place each probe at least eight characteristic diameters downstream of any
object creating a flow disturbance, where the characteristic diameter is based on the scale of the object
creating the disturbance (e.g., the diameter of an upstream probe).

Samplin GC and dew

locations for scope Sampling
Pitot & Bypass location
method ¥

RTD and
pressure:
transmitter

Sampling
location for
other methods .

Figure 8. Pipeline and sampling locations at the Powder Wash field site.

The sampling arrangements used for most of the methods are shown in Figure 9 and Figure 10.
The sampling hardware (valves, tubing, sample cylinders, etc.) from the MRF tests was also used for
performing the same tests at the Powder Wash site. Questar provided some additional 300-cc sample
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cylinders, valves and probes for tests of the new sampling methods. As much as practical, the
configuration of the sampling equipment from the MRF tests was duplicated for the Powder Wash tests.
Ball valves were installed on the sample probes and needle valves were used on the sample cylinders and
at the end of the pigtail. The only exception to this was for the Pitot and Bypass method, which required
ball valves on the sample cylinders and at both probes. All connections and pigtails were made with %4
OD stainless steel tubing and 4” NPT fittings. For the Controlled Rate Purge method and the High-
Pressure Helium Displacement method, a drilled plug with a 0.02-inch diameter bore was installed at the
end of the pigtail. A separator [as described in GPA 2166 (Reference 2)] was not included in any of the
sampling systems, at the request of the API 14.1 Working Group.

Figure 11 shows the sampling probes that were used. The Pitot and Bypass method required a
pair of curved probes. These probes were manufactured by Welker Engineering and were designed so
that the curved end could be inserted through the existing fittings on the pipe. For all of the other
methods, straight sample probes with angle-cut ends were used. All of the sample probes were sized so
that the tip of the probe was located in the center one-third of the pipe.

Figure 9. Configuration of the equipment used for collecting samples at the Powder Wash field site. Left,
Controlled Rate Purge; center, Fill-and-Empty; right, High-Pressure Helium Displacement.
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Figure 10. Configuration of the equipment used for collecting samples with the Pitot and Bypass
method at the Powder Wash field site.

6

[

-|'-[||||'I'|||||'| |:|||||-| ,||||||| |.|I|I]I

HTAN “03 i

Gl 2

= [in

g

Figure 11. Sampling probes used for the Powder Wash tests. Left, curved probes for the Pitot and
Bypass method; right, example of a straight probe used for the other sampling methods.




Preparation of the sampling equipment again followed the procedures given in the proposed test
protocol. Enough 300 cc sample cylinders were prepared so that all six of the methods could be tested at
the field site. All of the sample cylinders, valves, probes, and tubing from the MRF test were steam
cleaned prior to reuse at the field site. The equipment provided by Questar was cleaned with acetone.
Prior to the start of tests, a subset of cleaned sample cylinders were charged with helium (99.999%
purity), and then analyzed to verify that the portable GC, sample cylinders, and sample delivery tubing
were clean and free of contaminants. After cleaning, all of the sample cylinders were evacuated, and the
cylinders to be used for the Helium Pop method and the three new sampling methods were pre-charged
with helium as specified in their respective sampling procedures.

The HP Model 34970A data logger was again used to monitor and record (at one-second
intervals) temperatures obtained with surface-mount type T thermocouples attached to the sample probe,
the sample cylinder inlet, the gas chromatograph (GC) sample probe, and the GC inlet. An additional,
standard Type T thermocouple was used to measure the ambient temperature. The temperature, pressure,
and flow rate of the gas stream were obtained from transmitters and a flow computer permanently located
at the site.

The HCDP of the gas stream was measured using a chilled mirror device provided by Questar.
As required by the proposed test protocol, the dew scope had a NIST traceable temperature sensor
calibration. Measurements of the dew point were made independently by two technicians to confirm the
readings.

All of the gas analyses at the Powder Wash site were performed using a Varian Model CR-4900
portable gas chromatograph. This GC is capable of analyses to Co. and it was verified that the
chromatograph and sample delivery system complied with all of the requirements of API Chapter 14.1.
The GC was connected to a sample probe located downstream of the spot sample location as shown in
Figure 8. The GC was located in a heated vehicle, and the line connecting the GC to the pipeline was
heat traced along its entire length. Further details of the analysis setup may be found in Appendix C of
this report, which contains the API Chapter 14.1 inspection checklist for the sample analysis system.

Validation of the portable GC was carried out using the procedures given in the proposed
sampling protocol. The GC was calibrated on a 1,200 Btu/scf gas that was prepared in accordance with
the requirements of the current revision of API Chapter 14.1, Section 16. The chromatograph was also
tested on a separate certified gas blend to determine its Warren reproducibility. All repeatability and
reproducibility values were within API Chapter 14.1 Appendix E limits. As will be discussed in more
detail below, some additional sampling tests were performed following the first round of tests completed
in November. The portable GC was calibrated prior to these additional tests, and all values were again
within the Appendix E limits, except for CO,, which was 0.01 mol% high. Detailed information on the
GC calibrations, including fidelity plots, is included in Appendix C. The calibration gases were analyzed
using a separate GC to confirm their composition before they were used to calibrate the Varian GC used
for the protocol analyses.

3.2.2 Test Conditions

Tests of the Fill-and-Empty, Helium Pop, Controlled Rate Purge, Pitot and Bypass, and High-
Pressure Helium Displacement methods were conducted on November 10, 2003. The specific procedures
used for these methods at the Powder Wash site can be found in the 2003 draft revision of GPA 2166 and
in Appendix B. For the Fill-and-Empty method, three fill-and-empty cycles were completed before the
final gas sample was collected. For tests of the Controlled Rate Purge method, the sample cylinder was
purged for 70 seconds prior to collection of the sample. As noted in the table of results below, some Pitot
and Bypass samples were taken after a 60 second purge time, while others were taken after a 90 second
purge time.

The gas stream was monitored before and during the testing to determine the stability of the gas
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composition and the flowing conditions in the pipeline. Figure 12 shows measurements of the stream
heating value and nitrogen content at one-hour intervals taken over the course of several days around the
time of the tests. The nitrogen content remained fairly constant, but the heating value exhibited a regular
fluctuation of approximately +10 Btu/scf over the course of several days, suggesting that the line
temperature may have been influencing the gas composition. This was also observed during the
composite sampler tests conducted in 1999 and 2000 and discussed in Reference 3. The Powder Wash
metering station is located just downstream of a separation facility, so that the gas stream temperature is
typically very close to the HCDP. The tandem changes in stream temperature changes and heating value
reflect the fact that the gas leaving the separator is normally at or just above the HCDP temperature.
However, the period of the fluctuations is very long compared with the time interval over which all
samples were taken using a given test method, thus, the composition was essentially stable while tests of
each sampling method were being performed.

The HCDP of the gas stream was measured immediately prior to collecting the gas samples and
determined to be 69°F, approximately the same as the flowing stream temperature. An attempt was made
to measure the HCDP after tests, but the tests were concluded after sunset, and the dew scope used at the
site relied on ambient lighting to illuminate the chilled mirror, so a post-test measurement was not
possible.
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Figure 12. Long-term trends in flowing stream heating value and nitrogen content around the time
of the sampling tests conducted in November at the Powder Wash field site.

Detailed records of the line pressure and flowing gas velocity during the times that the sampling
methods were tested are shown in Figure 13. For this period, the line pressure remained fairly constant at
approximately 580 psia, and the average flow rate was 7,670 Mscfd with a variation (maximum to
minimum) of £3.3% about this mean.
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Figure 13. Gas velocity and pressure in the pipeline during the sampling tests conducted in
November at the Powder Wash field site. Vertical dashed lines show intervals during which samples
were taken using the various sampling methods. Flow was in an 8” diameter pipe.

Because the ambient temperature at the site was well below the HCDP of the gas stream, all of
the sampling equipment was kept in heated storage containers until it was used to obtain a sample.
Although the sample cylinders were insulated to keep them warm outside of the storage containers,
insulation was not available during the November tests for the valves and lines connected to the cylinder,
as shown in Figure 14.

Insulated Sample
Cylinder

Uninsulated Valves
and Fittings

Figure 14. Typical sampling arrangement at the Powder Wash field site showing which portions of
the system were not insulated during the November tests. The attached lines and valves were
insulated during the December retests.
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The local temperatures of the sampling hardware, along with the gas stream and ambient
temperature, are plotted in Figure 15 for the periods that the samples were taken using the various
methods. These data show that all of the monitored locations on the sampling equipment were below the
HCDP during the tests, as might be expected, since these regions were not insulated. The use of sampling
equipment with temperatures below the HCDP and the fact that the gas was likely near saturation (as this
site was downstream of a separator) may have contributed to the poor performance of some of the
methods tested.
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Figure 15. Equipment and gas temperatures during the sampling tests conducted in November 2003
at the Powder Wash field site. Black vertical lines with long dashes indicate intervals during which
samples were drawn using the various methods. Red vertical lines with shorter dashed lines indicate
times when GC analyses of the flowing stream were obtained.

3.2.3 Results

For each sampling method that was tested, five gas samples were collected and analyzed. Each
sample was collected in a separate 300-cc sample cylinder using the procedure appropriate for the
method. After all of the samples had been collected, the gas samples were heated to 125°F overnight at
the Questar lab, and analyzed three times using the same GC that was used to analyze the flowing gas
stream. Before analysis of the contents of each cylinder, helium was used to purge the GC and sample
delivery system of the gas from the previous run.

During the process of analyzing the samples, an air leak was discovered in the sample delivery
system. This leak was not found during the preparations specified in the proposed test protocol. As a
result, all of the cylinders that had been analyzed prior to the discovery of the leak were reanalyzed after
the leak was repaired. In the case of the samples obtained with the Fill-and-Empty method, there was not
enough gas remaining in any of the sample cylinders to perform another analysis. For most of the other

22



methods, contents of only one sample cylinder were lost.

The results obtained from the sampling methods tested under adverse conditions are summarized
in Table 6 through Table 9. The complete results of the analyses of each sample have been included in
Appendix D. The format of these tables is identical to the tables presented and discussed in Section 3.1.3.
To assist in interpreting the reproducibility results, components not meeting the criteria of the proposed
test protocol have been identified as being either “high” or “low” to indicate how the values compared to
the reference values of the gas stream. Values in bold red type are outside the acceptance criteria of Table
1 and Table 2. The Controlled Rate Purge and High-Pressure Helium Displacement methods failed the
reproducibility tests, and some samples taken using the Helium Pop and the Pitot and Bypass methods
passed, while others did not. These results will be discussed in more detail in Section 3.3, where they will
be compared to the results obtained from the other sampling tests.

Table 6. Summary of results from the tests of the Controlled Rate Purge method conducted in
November at the Powder Wash field site.

Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder CR1 N, 0.86 high- N,, Cg 8.78
Sample Cylinder CR2 No data available No data available
Sample Cylinder CR3 N, 0.25 Zih CNOZZ 5.04
Sample Cylinder CR4 All OK 0.12 high- C; 7.07
Sample Cylinder CR5 All OK 0.50 high- Cs, iCy 6.61

Table 7. Summary of results from the tests of the Helium Pop method conducted in November at the

Powder Wash field site.
Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder HP1 All OK 0.16 high- N, 2.50
Sample Cylinder HP2 All OK 0.20 high- N, 3.17
Sample Cylinder HP3 All OK 0.03 All OK 3.82
Sample Cylinder HP4 No data available No data available
Sample Cylinder HPS All OK 0.45 high- N, 2.79
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Table 8. Summary of results from the tests of the High-Pressure Helium Displacement method
conducted in November at the Powder Wash field site.

Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)
Sample Cylinder EF1 All OK 0.51 high- Cs to C, 8.50
Sample Cylinder EF2 | All OK 0.54 high- 'CCS’ Co 9.32
7
. high- iCy, Cs
Sample Cylinder EF3 All OK 0.20 to C, CO, 14.26
/’lig/’l- C3, iC4,
Sample Cylinder EF4 All OK 0.63 Cs to C, 18.10
low- C,
Sample Cylinder EF5 | All OK 0.23 high- ;E‘ECS 13.76
7

Table 9. Summary of results from the tests of the Pitot and Bypass method conducted in November
at the Powder Wash field site.

Repeatability Reproducibility
Components Max. Heating Components Max. Heating
not Meeting | Value Deviation | Not Meeting | Value Deviation
Criteria (Btu/scf) Criteria (Btu/scf)

Sample Cylinder PP1 No data available No data available
Sample Cylinder PP2* All OK 0.18 high- Cg, C; 7.39
Sample Cylinder PP3’ All OK 0.33 low- Cs 0.64
Sample Cylinder PP4' iC, 3.28 low- iCy 3.92
Sample Cylinder PP5" All OK 0.85 low- Cs 1.16

*90 second purge time prior to sample collection, '60 second purge time prior to sample collection.

3.2.4 Test Conditions — Repeat Tests

Due to the difficulties encountered with the analysis of the samples from the Powder Wash site, it
was decided to repeat the tests of some of the methods. Repeat tests of the Fill-and-Empty, Helium Pop,
and Pitot and Bypass methods were conducted on December 19, 2003 at the Powder Wash site by Questar
personnel. Based on previous experience among members of the API Ch. 14.1 Working Group, these
methods were expected to pass if performed correctly. The repeat tests also provided an opportunity to
test these methods again under conditions in which all of the sampling equipment was insulated. Recall,
as discussed in Section 3.2.2, that only the sample cylinder was insulated during the November tests. For
the December tests, a second valve assembly (for use between the pipeline and the sample cylinder) was
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kept in a heated storage container and was used to replace the assembly in use when its temperature
dropped below the ambient temperature. Also, Questar personnel used one exposed-junction
thermocouple to measure the surface temperature of the sample cylinders, rather than the tubing near the
cylinder inlet, as was done in November. Other than these modifications, the procedures for the repeat
tests were exactly identical to those used during the November tests.

Figure 16 shows the stability of the stream heating value and nitrogen content in the pipeline,
measured at one-hour intervals over the 