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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The composition, quality, and properties of natural gas vary according to amongst others its source, level
of processing, natural mixing at interconnection points, storage facilities, blending stations, fluctuating
demand for some of its derivatives such as LPG (Liquefied Petroleum Gases), and increasingly the need
to transport unconventional and renewable gases in the same network etc.

The variations that occur are closely monitored and controlled to ensure safety of the general public
as well as operational staff, plant, equipment and the gas infrastructures in general. Additionally and
commercially critical the energy content of the gas differs with these variations and is very accurately
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Fariations that occur can be best collectively grouped under the generic term “Gas Qu
bsequently referred to as GQ in this document.

honitoring and controlling GQ, samples are taken at many and various stages along
sed. Such samples are taken under many different process parameters with a nee
re that any gas that is subsequently analysed for such monitoring purposes is truly rej
e bulk.

ods of measuring GQ are well specified in numerous ISO standapds as are the means o
measuring instruments, however all those measurements-and calibrations are all buf
les used for making such measurements are not represefitative.

document provides means to ensure sampling systems and sampling processes al
ed, installed, operated, and maintained such that samples obtained are representativ
hich they are attributed. It also specifies comprehénsive information on the way that
ntaminated, altered, modified or degraded arid methods, means and procedures for e
hmple remains representative from the start‘of the sampling process to the point wher
psented to the analytical device.
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Natural gas — Gas sampling

WARNING — General quality aspects of natural gas are detailed in ISO 13686[1l. However,
it is possible that the standard does not cover all the trace constituents that are increasingly
necessary to monitor for various reasons.

1 Scope

This

are g

alloc

NOTH

This

contg

bord
natu

This

gas |

in th
scop

This

document gives means for ensuring that samples of natural gas and natural gas@©ub

stitutes that

onveyed into transmission and distribution grids are representative of the massto which they are

hted.

To ensure that a particular gas is taken into account in the standard, pleaSe see Annex A

document is applicable for sampling at sites and locations where intefchangeability criteria, energy
ent and network entry conditions are measured and monitored andis particularly releyant at cross

er and fiscal measurement stations. It serves as an important-source for control ap
Fal gas processing and the measurement of trace components:

blications in

document is applicable to natural dry gas (single phase‘<typically gas transiting thrqugh natural
ipelines) sampling only. On occasion a natural gas flow can have entrained liquid hydrocarbons.
Attempting to sample a wet natural gas flow introduces the possibility of extra unspecified uncertainties
e resulting flow composition analysis. Sampling a'wet gas (two or three phases) flow ig outside the

b of this document.

document does not apply to the safety issues associated with gas sampling.

2 Normative references

The
cons

undg

ISO 1

For t

ISO 4

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this:document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

4532, Natural gas —Wocabulary

Terms and’definitions

heir content
applies. For
hts) applies.

he purpdses of this document, the terms and definitions from ISO 14532 and the following apply.

ndAEC maintain terminological databases for use in standardization at the following 4dddresses:

SO Omtine browsing platformravaitable athttps//wwwiiso-org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

absorption
extraction of one or more components from a mixture of gases when brought into contact with a liquid

Note 1 to entry: The assimilation or extraction process causes (or is accompanied by) a physical or chemical
change, or both, in the sorbent material.

Note 2 to entry: The gaseous components are retained by capillary, osmotic, chemical, or solvent action.

EXAMPLE Removal of water from natural gas using glycol.
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[SOURCE: IS

3.2
adsorption

2022(E)

0 14532:2014, 2.2.2.6]

retention, by physical or chemical forces of gas molecules, dissolved substances, or liquids by the
surfaces of solids or liquids with which they are in contact

Note 1 to entry: For example, retention of methane by carbon.

[SOURCE: IS
3.3

contaminant
constituent fin very low levels, such as particulates, glycol, compressor oil, etc., that are assumhed

intrusive a

Note 1 to enfry: Such contaminants are generally harmful to the analytical equipment and if\they ente

sampling prd
contaminant
with them. O
effect on the

Note 2 to ent
sampled.

3.4
desorption
removal of g

Note 1 to ent
[SOURCE: I
3.5

direct sampling

sampling in
the analytic

3.6
floating-pisd
container wj
in balance o

3.7
gas sorptio

physical process.whereby some gases are adsorbed onto or desorbed from the surfaces of a
without transfermation of the molecules

0 14532:2014, 2.2.2.7]

not part of the gas to be sampled

cess they need to be removed from the sample before it enters the analyser."‘However, ond
5 enter the sampling process they continue to influence any following sample that come into cq
ver a period of time the accumulation of contamination in the sampling system can have a pro
kample such that it is no longer representative of the mass.

ry: Contaminants are not to be confused with trace componentsthat’are inherent to the gas

sorbed substance by the reverse process of adsorption or absorption
Fy: From solution in a liquid phase for example.

0 14532:2014, 2.2.2.8, modified — Note 1 to entry added.]

situations where there is a direct connection between the natural gas to be sampled
hl unit

ton cylinder
hich has a moving.piston separating the sample from a buffer gas, where the pressure
I both sides of th&piston

effect

to be

r the
e the
ntact
ound

to be

| and

S are

solid

Note 1 to entry: The force of attraction between SOme gases and solids 1S purely physical and depends on the
nature of the participating material. Natural gas can contain several components that exhibit strong sorption
effects. Special care should be taken when determining trace concentrations such as heavy hydrocarbons, water,
sulfur compounds, mercury and hydrogen.

[SOURCE: IS
3.8

0 14532:2014, 2.3.4.6]

high-pressure natural gas
natural gas with a pressure exceeding 0,2 MPa

3.9

hydrocarbon dew point
temperature, at a given pressure, at which hydrocarbon vapour condensation begins

© IS0 2022 - All rights reserved
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incremental sampler
sampler which accumulates a series of spot samples into one composite sample

3.11

indirect sampling
sampling in situations where there is no direct connection between the natural gas to be sampled and
the analytical unit

3.12

liquid separator

unit,

3.13
purg
perid

3.14
repr,
samyj

H +1o 1o 1s pa s 1l +£1a i foll i
I LIIC DallllJlC IIIIC, USTU LU LUIITTU llblbllu IdIrouut

ing time
d of time during which a sample purges a piece of equipment

esentative sample
le having the same composition as the natural gas it is attributed te; When the latter i

as a homogeneous whole

[SOU
3.15

RCE: ISO 14532:2014, 2.3.4.2]

residence time

time

3.16

it takes for a sample to flow through a piece of equipment

retrt‘grade condensation

prod
that

Note
such

3.17
samj]
cont

3.18
sam|

ction of a liquid phase of heavy hydrocarbons at a particular pressure and temperaty
fame temperature, the gas stays in a single phase at a higher pressure as well as at a loy

1 to entry: Retrograde behaviour describes the non-ideal phase properties of hydrocarbon §
hs natural gas.

ple container
hiner for collecting the'gas sample when indirect sampling is necessary

ble line

line provided totransfer a sample of the gas from the sampling point (3.21) to the sampling ¢

analy

Note

rtical unit

b considered

re where, at
Ver pressure

ras mixtures,

levice or the

1 tocentry: Devices necessary to prepare the sample for transportation and analysis (conditiofiing unit) can

be palrt of it.

3.19

sample probe
device inserted into the gas source, used to extract a sample and to which a sample line (3.18) is

conn

3.20

ected

sampling place
whereabouts along the gas pipeline or on the process plant where the sample probe (3.19) is located

3.21

sampling point
exact point in space defined by the sampling place (3.20), the sampling position (3.22) and by the location
of the inlet on the sample probe (3.19)
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sampling position
location within the cross-sectional area of the gas pipeline or process plant at the sampling place from
where a sample is taken

3.23

spot sample
sample of specified volume taken at a specified place at a specified time from a stream of gas

3.24

trace component

component

Note 1 to ent

and other coponents listed in [SO 14532.

3.26
wetted sur
surface of tH

4 Safety,|

The use of t
materials

atmosphere
is the user’y
maintenanc
the control,

Internationa
more weigh

5 Princi

Natural gas
sample (wh
indirectly v

The method|

The purpos
source gas
chemical an

Considering

ol ] 1 1
preotilit dt VCl_y ITUVV ICTVTUIOS

ry: Trace components generally include hydrocarbons or groups of hydrocarbons aboven:pentane

face
e material in contact with the sampled gas

considerations

dous
toxic

is document can involve working with high pressure flammable gases and other hazai
hich can be located in areas designated as hazardous.(potentially explosive and or
5). This document does not address the safety issues-associated with such situatiops. It
responsibility to establish appropriate design rules, installation, operating, testing and
e procedures for pressurized equipment, equipment located in potentially hazardous areas,
handling and transportation of substances petentially hazardous to health, etc.

1l and national regulations on safety requirements should be followed closely and ¢arry
F than this document.

ples of sampling

sampling is the process ¢f\acquiring a sample from a source of interest, conditioning the
bre necessary) and delivering the sample to an analytical instrument, either directlly or
a a vessel or other transport medium.

s and equipmentfor each of these steps are described within this document.

e of the sampling system is to ensure that the sample acquired is representative df the

lesired and that in the process of delivering the sample to the analytical instrument the
d physical’state remain unchanged, even on a molecular level.

reful

consideratid
measurement objectives), manufacturing, operation,

system.

the“equipment is relied on to fulfil this purpose for many years of operation, ca

and
the

maintenance and performance evaluation of

6 The concept of representative sample

In order to show that any information gained from a sample of natural gas is truly representative of the
whole quantity to which the information is to be attributed we use the term “representative sample”

A representative sample is established by two main criteria:

a) The sample is not altered in any way, or more realistically in any avoidable way, during the process

of colle

cting, handling, containing or preparing the sample for analysis or measurement. The

condition of the sample being the same in composition and phase -absolute or essential sameness
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as the mass from which it was taken for the quality/analyte under consideration - is considered as
being identical.

b) The sample is taken at a sample point where we can be sure that it is actually from the bulk to
which the information is to be applied at a known time or time period. This requires a matching in
time or a synchronization of analytical results to the mass. This is considered as being pertinent.

7 Types of sampling

7.1

Sampling method considerations

The
The
samyj
In th

to thle analytical unit. The main classifications of the indirect sampling methed are spot

incre

Key

B1
B2
C1
C2
D1
D2

main function of sampling is to take an adequate sample that is representative
main distinction in sampling is between direct and indirect sampling methods. Ij
ling method, the sample is drawn from a stream and directly transferred to:the ang
e indirect sampling method, the sample is stored in a sample containersbefore it is

mental sampling. Incremental sampling regarding regasified LNG is described in ISO §

sampling
direct
indirect
spot
incremental
time

flow

of the gas.
h the direct
lytical unit.
transferred
sampling or
943171,

Figure t—Surveyof directanmd imdirect sampling methods

The information needed from the analysis of natural gas falls into two basic categories: averaged and

limit

values.

— Averaged values:

A typical example is the calorific value. Custody transfer requires the time- or flow-averaged calorific
value. Commercial agreements determine the period and method of averaging.

— Limit values:

©ISO
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Most gas custody transfer contracts contain specification limits on composition or on gas properties.
Direct sampling can be applied, but often the requirements are such that also indirect sampling has to

be applied.

7.2 Spotsampling

7.2.1 General

This clause specifies a method of indirect sampling in which a suitable container is filled with the

sample. The

sample is subsequently transported to the place of analysis.

Spot sampli
the sample
assessment,

Spot sampli
provides as

The interva
the results 4

The sample
the fill and ¢
another pro
sample cyliy

g is a form of sampling that is representative of what is in the pipeline at the moment
is being taken. Spot sampling may be used for well or feed assessment, periodic|st
result verification, process verification, trouble shooting and auditing purposes!

hg is a form of sampling that is taken from a single location and a single point in timg
hmple of what was in the pipeline when the technician extracted the samyple.

between samples should be specified by the user, based on safety-or/process critical
nd stability of the gas quality (see 7.2.8).

is extracted by utilizing one of several approved methods fortaking spot samples, sug
mpty method, the Helium pop method, the continuous purge, constant pressure meth
ven and tested method of extraction. Most samples aregathered in a standard, single ¢
ider or a constant pressure piston style sample cylinder.

that
Feam

b and

ty of

h as:
bd or
avity

While valuable information can be gathered by this method; it shall always be noted that the sample

represents Y
the next we
gas and gas
of its life. TH
field produg

Annex B on
natural gas
bags are av4

vhat was present at the time of sampling. It isihot representative of the sample locatig
ek or month, unless it is from a single gas well that has a long history of producing the

content. It is worthy to note that an olderfield begins to get richer and richer near th
e gas quality could stay the same for, 10-years and then begin to change near the end

tion life.

low pressure sampling describes-a method of obtaining spot samples from a low pres
distribution system using a'glass vessel. Other specialist vessels such as inert polyr
ilable for niche applications.

Methods suited for high and low pressure spot sampling are:

fill and

evacuat]

helium

pmpty;

controlled rate;

ed container;

bre-fill - (helium pop);

n for
same
b end
of its

sure
heric

floating

7.2.2 Fill-

-piston cylinder;

single cavity sample cylinder.

and-empty method

This method is applicable when the sample container temperature is equal to or greater than the source
temperature. The source pressure shall be above atmospheric pressure. A detailed example procedure
is given in B.2.

© IS0 2022 - All rights reserved
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7.2.3 Controlled-rate method

In this method, a needle valve is used to control the sample flow rate. This method is applicable when
the sample container temperature is equal to or greater than the source temperature. The source
pressure shall be above atmospheric pressure. B.3 gives a detailed example of this method.

7.2.4 Evacuated-cylinder method

In this method, a previously evacuated cylinder is used to gather the sample. This method is applicable
when the source pressure is above or below atmospheric pressure and the source temperature is
greater or less than the sample container temperature. The valves and fittings on the sample cylinder

shall

7.2.5
This

cont
prefd

7.2.6

By t}
with

7.2.7%

A sin|
steel

a sinjgle tapped end. The most common sizes-are 300 ml, 500 ml and 1 000 ml, with ot
able. The cylinder has a valve and a safety relief at one end and a valve at the other end.

avail

7.2.8

7.2.8

Infon
chan|
mont
treaf]
shall

Thes|

Ana

igle cavity cylinder used for the collection of a sanple for analysis. Typically, the cylinde

ges determines thersampling frequency. Generally, pipeline gas composition can have d

be 1n good condition and there shall be no leaks. B.4 gives an example of a detailed pr¢

Helium pre-fill method

is similar to the evacuated-cylinder method except that a helium pre-ill*is used
hiner “air free” prior to sampling. It is used in those cases when helium,is not to be mg

Floating-piston cylinder method

1is method, a sample is drawn into a floating-piston cylinder"maintained at pipeline p
heat-traced sample lines.

Single cavity sample cylinder

and formed with spun ends and tapped ateach end of the cylinder. Some designs c3

Sampling frequency

.1 General considerations

mation on the properties of the gas stream in the past and about expected (systen

hly, semi-annualand seasonal variations. Compositional variations can also occur be
ment equipmenband reservoir changes. All of these environmental and operational co
be taken infe{account when selecting a sampling interval.

e considerations may be supported by the statistical approach given below.

bpropriate number of samples may be calculated based on the required (target) uncer

rably can be ignored, for example analysis by gas chromatography with helium carrief

cedure.

to keep the
asured, and
gas.

ressure and

is stainless
n only have
her volumes

\atic) future
aily, weekly,
cause of gas
hsiderations

tainty of the

aver

ged quantities. (Strictly speaking, the approach takes into account the precision cor

stituents of

thec

ombined measurement uncertainty).

Formula (1) for calculating the appropriate number of samples is as follows (details are described in
Annex[):

|

N
tX——

Uyg

T

Where

U
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is the number of samples to be taken in a defined period;
is the experimental standard deviation of the individual measurements;

is Student’s t-statistic.

This formula shall be solved by iteration: an initial value of n is chosen together with the respective
t value for (n - 1) degrees of freedom, this t value is used to calculate a revised value of n, which is
used, in turn, to give a new value of t. The level of uncertainty, the number of samples and the standard
deviation shall be taken over the same period of time.

7.2.8.2 A
There are ty

In the first @

ceptable target uncertainty
Vo different situations with regard to the target uncertainty.

ase a target uncertainty related to the averaged quantity values is explicitly’specified i

custody trapsfer contract. A typical example is the calorific value.

In the other
uncertainty;
while asses;
level. For e
and it shoul
last measur
uncertaintyj

More detail{

7.2.8.3 St

Student’s t-3
The value d
here to be t4

EXAMPLE 1
Determinatid

d=0,4% (le
(estimated v{

situation only limit values are specified for the gas composition @dr property, but n
In these cases, the target uncertainty may be evaluated based orithe decision rule
ing compliance with the specified limits, which, in turn, depends upon the acceptablg
ample, when the decision rule involves a guard band equal.to the expanded uncert
] ensure a low probability of incorrect statement of compliance, the difference betwee
d value, or the last year’s average, and the limit value may be taken as a target expa

on setting the target uncertainty may be found:in‘the Eurachem/CITAC Guidel2l.

udent’s t-statistic

tatistic allows for the finite sample size; and is to be found in standard statistical t3
ppends on the claimed confidence interval (typically 95 %) and the “degrees of freeq
ken as the number of measurements minus one (n - 1).

n of the monthly average calofic value:

vel of uncertainty required from custody transfer contract for monthly averaged value) s =
riation over a one-month period) First estimate, takingn =7

degrees of freedem and a confidence level of 0,975 single-sided (equals 0,95 double-sided)

t=2,45for 6
1
n2 =24
n=14

n the

bt an
used
risk
hinty
n the
nded

bles.
lom”

D,6 %

Firstiteration, taking n = 14:

recalculate for t = 2,16 for 13 degrees of freedom, and a confidence level of 0,975 single-sided (equals 0,95 double-

sided)
1
n2=2,1
n=11

6><%

)

Second iteration, taking n = 11:
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recalculate for t = 2,23 for 10 degrees of freedom, and a confidence level of 0,975 single-sided (equals 0,95 double-

sided

)

n=11

EXAMPLE 2

Total

sulfur determination:

Last
d=3

s=1
certal

Thre
7.3

7.3.1

Flow]
be c3

Incrd
quan
in th
prob
mech
instr

supp|
Systq

7.3.2

If pd
espe

duri

Time
stea

|

chan|
comfosite sample has some part of its gas collected when no gas flow was present. If the

easured concentration 20 mg/m3 and the contract limit value 50 mg/m3.
mg/m3 (difference between limit value from custody transfer contract and last measured va

D mg/m3 [standard deviation in spot sample results (in the past year)] t = 4,30 -1 taken
finty 95 % n =2

e samples are enough. Recalculation indicates that two samples are not engugh.
Incremental sampling (continuous or composite)

General considerations

rates and compositions can vary with time, so the interval between the sampling incr
refully chosen so that the collected sample reflects'these changes.

mental, or composite sampling is a sampling:method that occurs over a specified ti
tity, thereby taking a representative comp@site sampling that catches a snapshot of
e sample stream during that time frame or for the batch quantity. A typical system K
e, a sampling pump system that is rated-for the pipeline pressure of the installation, a
janism, a timing mechanism that is tied to the flow rate device at the location, a regula
ument supply source or a regulator that takes the gas pressure in the pipeline and r
[y to the pressure needed for the sample pump, and a solenoid to activate the sampl
m can be direct mounted orinistalled with an external sample loop.

Intervals

ssible, flow-ratesproportional sampling shall be used for incremental-sampling sy
rially importand fo use flow-proportional sampling if both the flow rate and the
e. For example, if the flow is stopped and the sampler continues to collect a sam

g thisperiod is different from the average composition, the sample is not representati

-proportional sampllng may be used and provides representatlve samples only if the
Ao al A+l albla Aavaeth o Al

ue)

as 2, level of

bments shall

me or batch
the changes
as a sample
sample grab
ked external
egulate that
e pump. The

stems. It is
composition
le, then the
romposition
ve.

flow rate is

ritbha comanling 1t armpacition—i ol g 1t
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There are several incremental samplers commercially available. Such units can be controlled by a timer
or a flow proportional signal from the flow computer.

7.3.3 System considerations

A recommended incremental sampler is the displacement type which pumps a sample into a floating-
piston cylinder at constant and at or slightly above line pressure, or a standard cylinder that builds to
line pressure at the end of the pre-determined sample period. The sample line between the sampling
device and the collection cylinder shall be of minimum length. Except for very dry, lean or low dew point
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gases, the sample line and sampler shall be heat-traced and insulated to avoid sample condensation.
Samplers shall be designed so that they either

a) allow a continuous and uninterrupted flow of gas through them, or

b) completely self-purge before each sample, and thus pump a representative sample increment into
the sample container.

7.3.4 Monitoring the filling process

The filling process shall be monitored by a local or remote indicator on a regular basis.

7.3.5 Cylilnder tracking

All informatlion important to the laboratory shall be on a label with the cylinder. Labels shall be secpirely
attached to the sample cylinders, but shall not interfere with the utilization of the cylinder:

Information| attached should preferably include:

— the cylipder number;

— the cylipder type;

— the location of sampling;

— all detalls necessary for identification of the pipe sampled;

— the datg¢ and time, or period, of sampling;

— the method of sampling;

— the actyal destination of the cylinder;

— any need for maintenance on the cylinder (€.g. leakage);

— any infdrmation relevant to the analytical lab concerning the sample;
— the sample pressure, if a pressuré gauge is not an integral part of the sampling cylinder;
— the line|static pressure;

— the temperature of the gas'stream;

— any field remarks.

7.3.6 Overpressure protection

If needed, spfety valve or equivalent (pressure release device) shall be installed in order to prptect
system for OVETPTESSUTE I a fallure Situation (e-g- btoCRed pump outiet):

7.4 Online or direct sampling

7.4.1 General considerations

A third method of sampling is an online or direct sampling system. A sample conditioning system
has to be located as close as possible to the sampling point, and if possible at the sampling point,
downstream of the sampling probe to reduce the pressure for direct feed into the analyser (e.g. online
GC). This conditioning system should integrate heating to offset JT effects, or due to ambient conditions
that would cause liquid fallout due to the phase envelope for that gas and the cold temperature. It is
recommended to also have additional regulation, filtration, phase separation, protection for the GC,
and other critical features for a given location. For the system supplier to make a proper design, all
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information concerning the system purpose, all gas constituents including water, contaminants, liquid,
phase envelope, etc. shall be made available.

Figure 2 and Figure 3 show examples of a direct-sampling system as described in this document; a
number of other different configurations exist.

Additional information can be found in ISO/TR 1474921 which concerns the determination of
hydrocarbon components by online gas chromatograph and provides guidelines for selection, evaluation
and factors impacting such system.

5

6
np A /P

£

Key

1 dampling point

2 dampling place

3 dampling probe‘including membrane, filtration, pressure reducer and outlet manifold
4  dlectric heated sample line

5 gnalyserbuilding

6  gnalyser

Figure 2 — Example of sampling with direct regulated probe
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sampling point

sampling probe without membrane and filtration
sampling place

sample line (to be as short as possible)

electric heated sample line

1
2
3
4
5 conditiofing enclosure with filtration/separation-and electric heated regulator
6
7  analyser|building

8

analyser

Figurg 3 — Example of sampling with non-regulated non-pressure reduced probe with
conditioning enclosure

7.4.2 Autpmatic drainage

Automatic drajhage involves the collection and periodic drainage of liquids from a trap in the sample
system. Thig method is generally not acceptable as the intermittent vaporization of the accumulated
liquid between drainage cycles can bias the analytical result.

7.4.3 Reducing the pressure

Depending on the analysis performed, the gas sample has to be carried out of the sampling point at full
line pressure or reduced pressure.

Reducing pressure can be necessary for the safety or integrity of the downstream sampling equipment
or analyser, as well as reducing the sample transfer time from the sample point.
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7.4.4 Inert-gas purging

The system shall be equipped with facilities for inert-gas purging. Purging of the sample system is
required if, for some reason, condensation has taken place and also to remove air (oxygen) from the
system prior to introducing process gas to avoid a hazardous condition.

7.4.5 Safety/pressure relief valve

This shall be an automatic pressure-relieving device, which opens in proportion to the increase in
pressure over the opening set pressure and has a rapid full opening or pop action characteristic and
is actuated by the static pressure upstream of the valve. The device automatically closes when the

upstream pressure 1s reduced below the set pressure. These devices are considered to be

whe
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The |
are §
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closed and are normally used in gas, vapour or liquid service.

bssure relief valve shall be installed downstream of the pressure reducer, in order tg
rser from an uncontrolled increase in pressure should the reducer fail.

Heating of sample line

sample line shall be maintained at a temperature of approximately 10 °C above dew
r, hydrocarbon) to avoid condensation and creation of droplets 0y'mist, and adsorption
mpounds. This type of temperature stability might be achieved by self-regulated elg
g. Further details are described in 10.10.

bampling location

General

brobe should be located at least 5 pipe diameters downstream of any obstruction in th
be 5 diameters downstream of the dianieter of an orifice plate, elbow, valve, thermowg

puld be located in an active stréam of the pipeline (not in a blow-down stack, not if
in which a representative gas stream is flowing. In theory, in clean and dry natural §
robe can be installed fromSthe top of the pipeline, the side and even in the bottom. N
es have to be preferentially’installed vertically on the top of a horizontal pipeline or y
ximum angle of +45%(the probe pointing downwards) to enable liquid droplets to dj
m and avoid ingress-or accumulation of undesirable contaminants or particles.

mportant to note’that these considerations are for clean, dry, single phase pipelines
[, occasionalpréesence of liquid

brobe shall be located directly in the gas stream in such a way that problems of aeros
liminated. The probe shall be externally equipped with adequate valving. This make
sconnect the sample line from the process line. The probe can be of a stationary or ren;

Fight shutoff

protect the

' points (i.e.
/desorption
ctric traced

e pipe. That
1], etc.

a dead leg,
ras streams,
evertheless,
vith at least,
ain into the

with a very

pls and dust
s it possible
lovable type

depe

ding on location and npprnfing condition

Sample probe in vertical pipes is acceptable if installed horizontal or inclined without any possibility to
allow ingress or accumulation of undesirable material in the sampling system.

8.2

Sampling place

8.2.1 General

The location along the length or run of the pipeline where a sampling point is installed needs to be
chosen carefully.

©ISO
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For small diameter pipelines below 50 mm (e.g. biomethane), a probe may not be required. It can cause
issues such as pressure drops, blocking the flow, etc. For small diameter pipelines a specific probe may
be used to be in conformity with these types of conditions.

Key

1 sampling place

2 sampling position
3 sampling point

a

Gas flow,

Figure 4 — Example of'sampling place

8.2.2 Relg¢vant gas

any subseqyent analysis are applicablesThe sample place shall always be chosen such that it is nof in a

Critically a place shall be chosen such that gas passing that sample place is a gas to which the resuts of
ace.

dead end and that all gas to which the.analysis results are applied actually flow past that sample

8.2.3 Undisturbed gas

The sample|place shall be{chosen such that it is in a location where the sample cannot be affect¢d by
flow disturbing elements."Flow disturbing elements are such things as control valves, elbows, |tees,
orifice plates, flow metéring equipment, thermowells, processing equipment etc.

Such flow disturbing elements can cause momentary and local changes in the pressure and temperature
of the gas. This in turn can cause the phase equilibrium of the gas to change by creating momej
liquid dropletsete—Furtherthese-fow-ei A SO e AR R O56

are undesirable for sampling purposes.

8.2.4 Access

The sample place should be chosen where it can be readily accessed for operation and maintenance
purposes. Personnel access ways/platforms to allow inspection and maintenance should be installed in
a way to carry out the work safely on a routine basis.

Sometimes the conditions of 8.2.2 and 8.2.3 cannot be achieved by a single sample place for certain
configurations/geometries of pipe runs in which case multiple sample places shall be used.
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8.3 Sampling position
The sample position is referenced to a cross-sectional area of the pipe at the sample place.

The sample position shall be within the cross-sectional area of the main pipe. Therefore, a sample probe
is a pre-requisite of correct sampling.

There exists along the pipe wall aboundary layer in which the gas composition may notbe representative
of the gas flowing through the pipe. Additionally contamination products that are carried in the pipe
such as compressor oils, valve lubricants, glycol, dust, etc gradually build up on the pipe wall over a
period of time and sampling close to this contamination allows wall effects to become a significant

fact rinthao g lity afanc camnlad
et ooy

ey S SoTrpTrecT

In onider to avoid the wall effects and ensure representative sample; while consideting| mechanical
resistance, standard industry practice is to locate the sample probe within the centre one third. For
pipe$ larger than DN 300 mm (12”) it is necessary to insert beyond a minimum ;100 'mm fijom the pipe
wall[but it is not necessary to insert beyond 10 % to achieve a representative sample.

For more information about the mechanical considerations see Annex F.-€onsult the manyfacturer on
the definitive sample position within the pipe cross-section depending,on the specific design of the
probg.

7

o linat

¢ > DN 300.mm - 12" ® < DN 300 mm - 12"

1 gver DN300 -12"” - 200/mm insertion or 10 % of the size of the pipe
2 Below DN300 -12%=Location in the centre one-third

Figure 5 — Sample position

8.4 | Sampling point

The sampling point is a position in space (actually a position within the pipeline) that is established by
a set of three-dimensional coordinates. The actual sample point is established by the sampling place
and sampling position but is further established by the centre of the inlet at the tip or opening on the
sampling probe where sampled gas enters the probe.

NOTE1 The design of the sampling probe and the dynamics of how it interacts with fast flowing gas when
installed can alter the physical state of the gas at the sampling point.

The term sampling point is used and it should not be confused with the sample place or sample position.
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Key
1 sampling place
2 sampling position
3  sampling point
3 @Gas flow,
Figure 6 — Example sample point
9 Ideal implementation of gas sampling
9.1 Genefal

To ensure that a representative sample is used for measurement and attribution, careful consider

needs to be

piven to the

— location] of the sampling point,

— process

— method

and flow conditions at'the sampling point,

5 of sample collection, conditioning, transportation and storage,

— materials of the sampling system,

— surface

b and /or-eontaminants that the sample contacts,

— temperatdre of the sampling system,

htion

— cleanliness, servicing and maintenance of the sampling system, and

— attribution of the information gained from the sample to the mass.

The main te

9.2 Gass

chnical issues are listed in the following subclauses:

orption

9.2.1 General

A number of the constituents of natural gas are highly susceptible to gas sorption effects with materials
normally thought of as inert. The surfaces of the materials can become active because of a build-up of
contaminants. It is therefore necessary to choose very carefully the materials and the condition of the

16
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surface of such materials that come into contact with the sample. This not only applies to the main body
of material/component but also to seats, seals, diaphragms etc. Filters and separators of all types are of
particular interest because of their inherent very large surface area and intimate interaction with the
gas. For this reason, minimizing surface area and the use of inert materials are recommended. For more

infor

mation about filters and separator see 10.4.

Special attention to sorption effects should be observed in sampling systems for trace analysis.

9.2.2

Surface treatment

The sorption effects exhibited by some materials can be modified and often reduced by surface

treafment. A clean, grease-iree suriace shows less adsorption. Rough surfaces provide.d
gase$ to adsorb and accumulate.

Polishing techniques are now available and can be used to minimize sorption effects anc
condfitioning time required to bring the sampling equipment to equilibrium. Qther proceq

avail
as ni
inhih

Chen

compounds.

Be av

9.2.3

Ther
cons
analy

The |
anal)

In g¢g
mini
toro
Mini
achid

9.2.4
In ne

equil
time

able to reduce sorption effects. Some materials can be electroplated with‘an inert m
ckel to reduce adsorption. Passivation of aluminium using proprietary‘techniques is
it adsorption.

pical treatment such as silanization is also available for eliminating surface adsorpt

vare if you want to determine siloxanes, silanization is rfet the best technique.

Sorption considerations regarding sampling equipment

e are numerous features of a sampling system that encourage preferential s
bquently affect the ability to provide a repbesentative sample to the analyser and
Ftical result.

preferential sorption is caused by roigh surface finish, dissimilar materials and dead s
'tes can become trapped and unableto re-enter the sample stream.

neral, the number of features that the sample will pass, before reaching the analyssg
mized. The use of metalliceompression-type fittings and face seals minimize the samy
ugh surfaces.

mization of sample’exposure to pressure and flow control features of a sample syste
ved by using a fastJoop, bypassing the live analytical stream.

Equilibrating of sampling equipment

w sampling equipment, initially a high amount of sorption takes place before stabilizin
ibrdting of sampling equipment entails exposure to sample gas components for a cert3
ifrsuch a way that the amount of sorptive components remains stable in the gas sa

nucleus for

| reduce the
ses are also
aterial such
available to

on of active

rption and
an accurate

baces where

1, should be
le exposure

m should be

. Therefore,
iin period of
mple during

analysis.

This may be achieved by purging the sampling equipment with the sample gas until gas samples taken
in sequence show analytical consistency. The final assessment that equilibrium has been achieved
and the sampling equipment conditioned can initially be determined by analysis using a reference gas
mixture of known composition.

Conditioning times may be reduced by the initial evacuation of the equipment prior to purging with the
sample. Several sequences of evacuation and purging may be advantageous in reducing conditioning
time and achieving equilibrium.
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9.3 Materials used in sampling

9.3.1 General considerations
The suitability of materials used in a sampling system depends on the gas being sampled.

Because of the possible presence of small amounts of sulfur compounds, mercury, carbon dioxide, etc.,
in natural gas, all equipment and fittings shall preferably be made of stainless steel or, for low pressure,
glass. However, possible alternative materials are listed in ISO 16664:201713], Table 1.

Valve seats and plston seals shall be made of (elastlc) materlal approprlate for the 1ntended service.
Sampling of]
presents addli
the sampling system. It is recommended that sample cylinders used in sour-gas service shall be gither
titanium, pelytetrafluoroethylene (PTFE) coated, epoxy coated, chemically inert coated"or mjirror
polished stdinless steel. Depending on the concentration target, additional surface treatiments should
be considergd. Reactive components such as hydrogen sulfide and mercury shall beyanalysed on site
using direct] sampling methods when practical since even coated vessels may not eliminate absorption
of these components.

The use of spft metals such as brass, copper and aluminium shall be avoided-where corrosion and rpetal
fatigue prohlems are likely to occur. Aluminium can, however, be used<or sample containers in jome
applicationy where the sample container reactivity is critical. Generally) materials coming into coptact
with samplgs or calibration gases shall have the following characteristics:

— imperl"l;]:jbility to all gases;

— minim sorption;
— chemicdl inertness to the constituents being transferred. Any new or alternative cylinder material
should first have been tested for the interactiofywith gas compounds and stability an over period
greater|than the expected use of a sample tg.show that the targeted compound’s amount fragction
remaing stable. Table 1 gives further guidelites.

Tlable 1 — Compatibility of. sampling-system materials with gas components

Compatibility2® with gas components
Materjial H,S
C,Hn ggi CHSZOH ?EII:[I‘ H,0 He Hg (P:(z)
Stainlesq steel a a a b b a b i
Glasg?) a a a a a a a h
PTFH3) b b b a c c a b
Polyanjidé a a b a a a c i
Aluminlius a a a b b a =
Titanium a a a a a a a a
polyvinilfluoride a a a a a a b a
(Tedlar)

a  a=suitable.

a b =withreservations.

¢ =notrecommended

2) Glassis highly inert material, but subject to breakage and unsafe for sampling above atmospheric pressure.

3) PTFEisinertbutcan be adsorptive. It is permeable to e.g. water, He and H,. PTFE coatings can have imperfections, and
parts of the interior surface may therefore not be protected.
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9.3.2 Steel grades

Carbon steel and other relatively porous materials may retain heavier components and contaminants
such as carbon dioxide and hydrogen sulfide in the natural-gas stream and shall not be used in a
sampling system.

Although stainless steel is generally a good material for use in sampling equipment, the user is
recommended to consult corrosion experts, as well as ISO 15156-1[18] before using it.

Stainless steel is not generally suitable for trace water measurements without additional inert coating.
Aluminium or other cylinder materials are better suited to this application.

9.3.3 Epoxy coatings
nd of other
reas. Losses
measured if

Epoxy (or phenolic) coatings reduce or eliminate adsorption of sulfur compounds a
mindr constituents. It is not practical to coat small fittings, valves and othersmall a
of gds components from such unprotected areas can however be detectablesand can be
concentrations are in the ppb(nmol/mol) or ppm (umol/mol) range (see also“Z.2).

9.3.4 Other polymers

The
thersg

mnent, where
of water or

1se of other polymers shall be limited to tubing or connectdrs joining items of equipi
is little or no direct contact with the sample. Special cate/shall be taken in the case

sulfy
tubiy
is us
verifi

9.3.5

Rubl
and |

r-compound analysis. However, good results can be obtained using polyamide mater
g lengths. In some cases, soft PVC can be used at low-pressures. Before any new polyr
ed in a sampling system, it shall be tested usingceertified blends at expected conce
y that it does not cause any change in the sample 'composition.

Rubbers

er tubing or connections are not recommended, even at low pressure, because of the hig
bermeability of rubber. Silicon rubBers are known for their high absorption and perr

ial for short
her material
ntrations to

vh reactivity
heability for

many components.

9.3.4 Bimetallic corrosion

Using dissimilar metals imcontact with each other in a sample system can cause increased rates of
corrgsion and result in Sampling errors and/or safety problems.

9.4 | Sample contamination

9.4.1 Cleanliness

The sample wetted surfaces of components of a sampling system need to be rigorously cleaned prior to
use. Inwuse these surfaces can become contaminated asnatural gas often contains parfir‘n]n es, drop]ets

and aerosols etc. which if they enter the sampling system are generally deposited on the cleaned
surfaces or filters etc. Such contaminants have a huge gas sorption effect on processes and mitigate the
care taken in material selection and initial cleaning.

9.4.2 (leaning sampling systems

All parts of the sampling and sample lines in contact with gas shall be free from grease, oil, mould
or any polluting products. Sample containers shall be cleaned and purged prior to each collection of
samples, unless they are special passivated cylinders used to sample streams containing highly reactive
components (see also Annex D). They shall be cleaned properly, e.g. with a volatile solvent, and dried to
avoid absorption phenomena, particularly those caused by sulfur compounds and heavy hydrocarbons.
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Solvents, such as acetone, that do not leave a residue after drying are generally acceptable for removing
heavy-ends contamination, although they can present hazards such as flammability and toxicity in
some cases. Steam cleaning is generally acceptable only if the steam itself is clean and does not contain
corrosion inhibitors, boiler water treating chemicals or other substances that can contaminate the
sample cylinder.

Special care shall be taken in cleaning cylinders that contain deposits.

If analysis of sulfur components is intended, steam shall not be used to clean stainless-steel cylinders.
Sulfur species are readily absorbed by the cylinders and the analysis underestimates sulfur levels.
Samples to be analysed for thelr sulfur content need to be collected in spec1al hned cyhnders or
passivated ¢ytind :
of the sample container and its secondary components shall be coated Coatmg the cyllnder but ng
valves, fittimgs, relief devices, etc., may not be sufficient protection. In certain cases, suitable'Co
(see Table 1}, or surface treatment is recommended

9.4.3 Preicharging of sample cylinders

Nitrogen, hdlium, argon and dry, instrument-quality air are good examples of gases'used to dry or gurge
cylinders which are free of deposits and heavy-ends contamination. In order*te“avoid interference, the
drying or pyrging gas used shall not contain any of the constituents to be analysed. Many laboratpries
leave a blanfket of nitrogen, helium or other gases in sample cylinders_ i order to protect the cylinder
from air cgntamination. The blanket gases and gases used to rechdrge or back-pressure sample
cylinders shall be carefully selected so that, if leakage does occur:within the cylinder or the sample is
contaminat¢d by these gases, the analytical system is not interpreting the contamination by these gases
as being a pjart of the sample being analysed. For example, chfomatography using helium as a carrier
gas does not detect helium left over from the recharge of a single-cavity cylinder or helium leaking past
the piston in a floating-piston cylinder.

9.5 Sample condensation

9.5.1 Temperature

All compongnt parts of a sampling system'shall be keptata minimum 10 °C above dew point temperatures
of possible gas mixtures. If necessary, Keep the sampling place under constant temperature by yising
thermal insfilation in conjunction with heat tracing. It is necessary to keep the temperature as conptant
as possible as fluctuations in temipérature cause different gas sorption effects. It is often possible tp see
a rise in thq level of reactive. €omponents during daytime with a fall during night-time due simply to
changes in temperature ofthe’sampling system.

9.5.2 Prepsure reduction and Joule Thomson cooling

The condengationzbehaviour of natural gas is complex, owing to it being a mixture of compound$ and
elements with dlffermg b0111ng pomts In collecting and preparmg a sample for analy51s itis Very easy
to stray into-a a ample
becomes questlonable SO should be aV01ded as far as reasonably practlcable This is partlcularly
important for calculating hydrocarbon dewpoint, or other measurement applications where accounting
for higher hydrocarbons is critical.

The Joule Thomson effect describes the instantaneous cooling that occurs in a gas when its pressure
is reduced (the gas is expanded). The amount of cooling is proportional to the pressure drop, and
the coefficient between the pressure and temperature relationship is dependent on the element or
compound in question.

Joule Thomson cooling can take place at any point in a sampling system where a pressure drop
occurs. Sometimes pressure drops are inadvertently created due to a poor choice of component parts,
through a valve not being properly opened, or other unintended situations, such as lack of operation
and maintenance. Even opening a valve can have significant detrimental effects (see Annex E). The
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reduction in gas temperature caused by the actual pressure drop is known as primary cooling. The
cooling of the gas sample in this manner can alter the condition of the gas long before the cooling effects
(symptoms) are visible or noticeable on equipment parts.

When pressure drops are large and gas is cooled and compromised as a result, items of plant/parts both
upstream and, more readily, downstream from the pressure reducing constriction also become cooled.
As these items of plant/parts become increasingly cooled they further add to the cooling of the gas by
conduction, convection and radiation and increase the overall magnitude of the temperature drop of
the gas. The reduction in gas temperature caused by these means is known as secondary cooling.

Secondary cooling can be avoided by providing a sufficient source of external heat such as temperature
compensated—regtiating-probes;heatedp g rS—tra atingete—However; this is only
treafling the secondary cooling (a symptom of primary cooling) as well as preventing items|of plant and
equipment becoming frozen.

Cl SOIAacoT s,

Primfary cooling cannot be avoided and therefore if the composition of the gas is.such that|the possible
temperature drop from primary cooling could cause the sample to cross-@\ phase boundary then
prote¢ction of the gas sample needs to be considered in a different way.

One [way of negating the primary cooling effects is to pre-heat theCgas prior to any feduction in
pressure. The amount of pre-heating should be determined by calculating the maximum cpoling (drop
in temperature) that is likely to take place according to the composition of the gas and the reduction
in priessure required at that point in the sampling system, and’by adding a minimum margin of 10 °C,
to allow for uncertainties in conditions and fluctuations in properties of the sample gas. The design of
the Heating arrangement and sampling system shall be such that it ensures the gas is at the required
temperature right up to the inlet of the restricting orifice.over which the pressure drop o¢curs. If this
metHod of negating the primary cooling effect is used;tlie need for protecting against seconflary cooling
is removed. Figure 7 is an annotated phase diagram for Natural Gas, that illustrates these ghenomena
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shows the gas vapour phase boundary for a typical Natural Gas mixture

— — — shows the temperature profile of a Natural Gas mixture when taking a high pressure sample from a
pipeline and reducing it to suitable (low) pressure for analysis. Joule Thomson primary cooling is evident,
until the pressure reduction ceases and the gas temperature changes to match ambient conditions.

---------- illustrates the described method of avoiding problems associated with Joule Thomson cooling (and
secondary cooling), whereby the high pressure sample is pre-heated prior to pressure reduction, so that
when Joule Thomson (primary) cooling occurs during pressure reduction, the gas sample remains safely
above the phase boundary throughout transition to lower pressure (suitable for analysis).

Figure 7 — Phase diagram for a typical natural gas mixture
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used in the gas industry.

9.5.3 Con

densation and revaporization

9.5.3.1 General

In this document, the unit used for pressure is "bar" where 1 bar = 0,1 MPa, as bar is the common unit

To avoid the potential negative effects of retrograde condensation during any sampling procedure and
to maintain the precision of the sample, heat traced and insulated sample lines, and heated sampling
equipment may be required to ensure sample integrity.

Cases wher¢
least 10° C 4
heating.

The conden|
pressure/te

As Figure 7
operating c
an unexpect

9.5.3.2 Ejy

An example
If the initial
it follows th
The gasis a
boundary of

bove the hydrocarbon dewpoint in all environmental conditions, may not need addif

sation behaviour of natural gas is rather complicated. Figure 7 gives an.éxample

shows, the phase boundary is a complex function between the ‘cfitical point and no
nditions. Retrograde condensation can occur when the phase boundary is encounter
ed manner while adjusting the pressure or temperature of the gas.

fample of a condensation problem

of how this problem can occur is shown in Figure 82The pipeline contains gas at pressu
temperature is -10 °C, and the gas is expanded‘(i;€. has its pressure reduced) isothern
e vertical line in the figure as it approaches-the pressure at which it can be analyse
stable single phase at p, and continues to b&5o until it reaches pressure p, which is o
the two-phase region.
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 all aspects of the single-phase natural gas sampling process are naturally maintained at
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mperature phase boundary diagram for a natural gas. The shape of the(curve depends on
the composition of the gas.
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Figure 8 — Example of a pressure/temperature diagram for natural gas

Between p, and the lowep ‘pressure p;, both gas and condensed liquid are present. The relative
quantities of the gas and/liquid phases, and their compositions, vary continuously over this range. At
pressures below p;-ahd down to the analysis pressure p;, a single-phase gas exists once mgre.

Conversely, a cylinder with an initial pressure of py, filled isothermally to p,, is, as the pregsure passes
throyigh p,, to phases. These recombine at p,, but this process is slow, and any gas sampled from the
cylinlder while two phases are present is unrepresentative, and furthermore its removal alters the
composition remaining in the cylinder.

The use of pressurized piston cylinders is a way to avoid these problems, keeping the sample in a state
where no fall-out occurs.

In fact, as a gas is expanded, its temperature falls due to the Joule-Thomson effect. The gas whose
behaviour is shown in Figure 8, starting from a temperature and pressure of 25 °C and 10 MPa, cool to
below -10 °C at p5, and hence suffer condensation. The initial temperature needed is 35 °C to reach p,
without encountering the two-phase region.

9.5.3.3 Condensation after sample has been collected

A gas sample could partially condense in the sample container when it is being transported or is
awaiting analysis in a lab. High-pressure gas sample containers and the lines to an analytical unit shall
always be heated prior to analysis (except for gas that is not passing through a phase boundary). Heating
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times and temperatures shall be sufficient to ensure that any condensed hydrocarbons are revaporized
before an analysis is started.

9.6 Disturbance of the flow through the sampling system

For the flow circulation, components should be chosen so that internal flow circulation is avoided
within the whole wetted sample pathway. The most important consideration is to avoid dead volumes
in the sample system, where mixing and stagnation occur. Flange and screwed connections can be
particularly bad as are step changes in internal diameters. Needle and globe type valves and designs of
pressure reducing regulators cause flow circulation. Some designs of particulate filters and membrane

separators

an cause exceptional amounts of flow circulation within a sampling system.

9.7 Delay

9.7.1 Dirg

The delay time in obtaining the analytical results is the addition of sampling system residence t
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and flow conditions for fast loop sampling and take account of analyser requirements. It has to be
consistent with best practices and take in consideration minimizing atmospheric emissions.

Conside

a)

r the following criteria for determining the internal diameter of the sample line:

length of the line;

b) pressure drop calculation;

9

flow required by analysers.

Internal dead volumes: Internal volumes from system components such as sampling probe, sampling

lines filters, regulators, flowmeters, etc. shall be considered in delay time calculation Such volumes
should be kept as low as possible and dead volumes should be avoided.
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Purge flow-rate: Flow meters (for all relevant streams) should be installed in order to monitor
flowrates in order to verify the actual delay time.

Use of slip stream/bypass (waste stream): Slip stream flow can be routed to atmospheric disposal
system (flare) or can be compressed for injection back to process. For environmental purposes, slip
stream quantity to atmosphere should be minimized.

A fast-loop configuration (sample return to process) can be used, where sample is extracted at high-
pressure and returned at slightly lower pressure, subject to suitability for process conditions and
analytical requirements. The benefit of this method is the reduction of emissions to atmosphere or
flare.

ressure levels in sampling system: By reducing the pressure of the sample gasfoyer a heated
ressure regulator close to the sample point, a lower transport time can be achieyved:

$orption effects: For components that tend to sorption effects, an equilibrittmr occuifs in the gas
ampling system in a time that depends on the amount fraction of the comiponent of interest. This
bquilibrium time cannot be reduced and needs to be considered. See Annex.C for detailsfand ‘surface
reatment’ methods.

P=S- N TN

Time matching: If the sampling system is feeding a GC as part of’a metering systein, matching
}I;letween GC results (taking into account sample system delay,tifiie and analyser cycle time) and the
instantaneous bulk gas flow-rate should be considered.

Delay time is the sum of residence time in each sections of the*sampling line calculated from the actual

volu
valv

me flow rates in each of the sections, and shall include the residence time in volumgs of filters,
¢s and dead ends.

Actupl volume flow rates in each of the sections is;shown in the example of a block diagrgm for delay
time|calculation (see Figure G.4) dictated by the.wolume flow rate through the analyser and the by-pass
flow|rate (by-pass flow rate can be required to obtain acceptable low delay times) taking each section’s

pressure and temperature into account.

In the example/block diagram, fast loop.is considered, resulting in an increased volume floy rate in the
sampling probe up to and including.the filter (the 100 ml volume) compared to the flow ratle only made

up by the analyser flow rate andby-pass flow rate.

The

Resi

A detailed method for the calculation of residence time is given in Annex G.

9.7.71 Indirect sampling method

The
and

be te]]ken into account (se€ Annex C).

purge time of trace analytes like H,S, do not follow the same rules and the sorption effect needs to

ence times and delay times with and without fast loop are shown in Tables G.1 and G.2.

lélay in time in obtaining the analytical results is the sum of the sampling system resjdence times
he transport time from the sampling area to Instrument. A time stamp shall be recorded for such

a method.

The

purging time for spot sampling shall be at least 10 times the residence time. The purging shall

ensure representativity and system equilibrium with respect to temperature and flow.

The
a)

delay in time in obtaining the analytical results being an accumulation/addition of:

Online Instruments: The analytical instrument cycle time plus the sampling system transit/purge
time.

NOTE The sample system transit/purge time can be many times that of the analytical instrument cycle
time in poorly designed, integrated and/or installed sampling systems. Locating the analytical instruments
remotely from the sampling place can further increase this problem.
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b) Offline Instruments: As a) plus any time delays in transporting the sample from the collection point
to the location of the analytical instrument and introducing it to the analyser at the start of any
analytical process.

c¢) The sample container should be time stamped and the lifetime of the sample inside needs to be
assessed.

10 Sampling equipment

10.1 General

Equipment psed in the sampling of high-pressure natural gas shall be inspected to ensure if still
meets the dite-or application-specific requirements and standard engineering practice, if\peqyired.
Documentafion shall be available and up to date. Equipment shall be designed to meet releyant sampling
conditions, fe.g. pressure, temperature, corrosivity, flow, chemical compatibility, vibration, thgrmal
expansion and/or thermal contraction. Permanent transfer and sampling lines (Shall be properly
secured. Bre¢akable connections shall have easy access for leak-testing. Outlets shall be equipped|with
double blocl and bleed valves. End caps shall be connected to fittings when thecylinders are not i use.

The use of [flexible high-pressure tubing shall be limited and manufacturers’ instructions for| safe
application [shall be strictly followed. Sample lines can be blocked by.solid or liquid contaminjants.
Special predautions shall be employed when trying to “reopen” such lintes. Only qualified personnel may
do this.

Sample line$ shall have shut-off valves located as close to the source stream as possible. The sampling
probe shall pe equipped with a shut-off valve. Electrical eqiiipment shall be approved for the rel¢vant
sampling aplplication. Equipment which can create static_electricity shall be avoided. Use of equipment
or tools whifh creates sparks shall be avoided.

It is the sampling system with the smallest amount of equipment that is the best for representative
sample. However sufficient equipment shall be installed to ensure compliance with respect to sampling
system fundtionality

A good design of a sample probe take the local conditions into account but balance this with any negative
effects of thle probe itself.. Designingaprobe to meet such conditions can often lead to it becomjing a
significant flow disturbing element@ltering both the sample that is extracted and the precision ofllocal
flow measufement equipment. Farthermore such probes also become inconsistent with good sampling
practice bedause of internal veluime and surface conditions. Also the effects of vortex shedding vibration
need to be cpnsidered on thé-design of the item of process plant to which the probe is connected.

NOTE Sde Annex F on Vortex shedding and associated problems as well as Reference [10].

Branch connections:to such items as pressure measuring devices, pressure relief devices, vent lines,
standby/duplicate’sample ways etc. should be avoided unless they are continually swept out by flowing
sample gas.[Also tee connections for the introduction of test or calibration gases etc. should be kgpt to
a minimum 4 TETTEed 1 ¥ T wWay toavoidany dead volumme imorder to reduce ditution
effects.

If provided for, end caps shall be installed on cylinders during transportation and storage.
Cylinders shall have volume, working pressure and test pressure permanently stamped.
Cylinders shall have a test pressure of at least [,5 times the working pressure.

Cylinders shall be protected against damage during transportation and storage. Transportation boxes
or cartons designed for the individual type of cylinder shall be available.

Cylinders shall be accompanied by labels or paperwork with relevant information protected against
damage.
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Cylinders and associated accessories shall be inspected and leak-tested periodically.

Electrical equipment shall be approved for the relevant sampling application.

Equipment shall be earthed as necessary and that which can create static electricity shall be avoided.

Use of equipment or tools which may create sparks shall be avoided.

10.2 Probes
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The inost basic sample probe design is the straight-tube probe shown in Figure 9. The end g

angld

©ISO

.1 General

npling probe shall be designed to meet the process conditions of the item of plant/gasig
onnected as well as the environmental conditions to which it is subjected.

hermore, the probe needs to be designed to be resistant to the vibratienal effec
ding. Designing a probe to meet such conditions can under certain conditions lead to i
[ficant flow disturbing element altering both the sample that is extracted.and the prec
measurement equipment. The vortex shedding and associated problems is described i

ines with streams free of entrained liquids and at flow conditions well above the
eratures may be sampled with any probe design. However,dines that are operating af
tream dewpoint requires a special probe designed to ovefcome the problems of con
| altering the gas composition, any extra liquids in the‘sample source shall be sep
Ce temperature and pressure.

pbe in the pipeline is typically inserted in accordance with 8.3. This is to ensure that
t being taken off the wall of the pipeline where liquids tend to accumulate and would
the sample. Use of a probe shall ensure getting'a sample from the active part of the floy
ot from a dead-end source (see 8.1 for probe location). Adding membrane phase sep4
e tip location or at the outlet of the sampling probe will also help to reject liquids, |
s and contaminants. The probe may:be of a stationary or removable type depending
perating condition, especially if pigging and inspection works can be conducted on thg
ine.
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Figure 9 — Straight-tube probe

be regulator

ype of probe design.in-common use in the gas industry is the probe regulator. T
rommonly used with.continuous analyser systems and are designed to deliver the g
it reduced pressure:-The diaphragm and control spring are mounted externally to the]
hnected by an(intérnal rod to the point at which the pressure reduction occurs, wh
end of the probe which is inserted into the gas stream. This lower end is often finne
perature-drxop on expansion is compensated for by the thermal mass of the gas strear
bf a typical probe regulator is shown in Figure 10. The intended design is to use the hg
wasto/offset the Joule Thomson cooling effect.
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as to
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L -Some rpgnlafpd prnhpc mighf need a cpprifir extraction tool. Refer t

the

manufacturer instruction notice.

WARNING — Most important risk with probe regulators: not advised for wet gases because of

hydrates fo

rmation - blockage of the pressure drop system.

Probe regulator:

normally need extraction tool for removal at line pressure and maintenance,

— not suitable for wet gas due to risk of liquid drop-out.
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Figure 10 — Probe regulator

10.2.4 Pitot probe

A pitot probe (Figure 11) is commonly used to create a fast loop or slip stream outside of the main
pipeline. p; or upstream pressure is diverted from the pipeline, through the instrument or fast loop
and returned to p, or downstream pressure. The probe flow is dependent on differential pressure and
pipeline flow velocity to create the flow from the entrance to the probe to the return port of the probe.
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Figure 11 — Pitot probe

10.3 Tubings
10.3.1 Sampling and sample line§

10.3.1.1 Géneral

Branch conpections to suck/items as pressure measuring devices, pressure relief devices, vent lines,
standby/duplicate sample ways etc. should be avoided unless they are continually swept out by flowing
sample gas.[Also tee‘connections for the introduction of test or calibration gases etc should be kept to
a minimum pnd should be designed in such a way to avoid any dead volume in order to reduce dilfition
effects.

Sampling lines shall be as short and as small in diameter to decrease the residence time but not so small
in diameter that they excessively restrict the flow. Sample lines should travel up or slope up from the
sample point in the pipeline to the sampler or analytical system located at a higher elevation. Loops, dips
and low points should be avoided as they present a collection point for contaminants and any condensed
liquids formed during malfunction of the sampling system. Sample lines venting to the atmosphere
shall be minimized. In addition, high-pressure drops can cause cooling and condensation, which affects
the representative nature of the sample. The purging time for spot samples shall be at least 10 times
the residence time. Annex G gives guidelines for the calculation of the residence time. All connections
between the sample point and the sample container shall be such that sample contamination cannot
occur. Where necessary and allowed, threaded connections shall be made using PTFE tape. Only pipe
thread sealing compounds with no effect on the sample shall be used Poorly selected compounds can
contaminate the sample and/or absorb components from the sample, resulting in erroneous results.
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.1.2 Pressure drop in a sample line

Proper operation of a sample line requires a pressure differential from the collection point to the
discharge. This pressure drop can be provided by an orifice plate, regulator or other appropriate device
in the flow line.

10.3

10.3
Whe

.2 Bypass constructions

.2.1 General

using a bypass, closed loops are preferred due to environmental and safety consider

tions.
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Separators, drip pots or spot sampling manifolds are not recommended nowadays in sampling systems.
They can however, still be in use on site to ensure that any free liquids that have been collected by the
sample probe do not enter the analyser or sample cylinder. Care shall be taken whenever one is used.
The pressure and temperature of such devices shall match the pressure and the temperature of the
source to avoid altering the sample composition during the sampling process. If possible, no mechanical
devices, filter or absorptive material that promote condensation or absorption shall be used.

A spot sampling manifold system, is used for taking spot samples from the pipeline that takes into
consideration the potential for small, occasional amounts of liquid present during the sampling process.
Flow is diverted from the pipeline via a probe. From the probe, the gas flow enters a separator that allows
the free liquid to impinge on the side of the separator, collect and fall to the bottom of the separator. The
gas exits the separator at the top and enters the top of the sample cylinder. On the opposite end of the
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cylinder is a coiled extension tube with a valve on the end. That valve, rather than the cylinder valve,
is used to assist in the filling and emptying of the cylinder while isolating the Joule-Thomson cooling
effect from the cylinder. That valve can also be fitted with a restriction fitting to govern the exit flow
rate, if the operator prefers a pre-set flow rate. This apparatus should always be warmed to pipeline
flowing temperature or above, and pressure, to avoid temperature generated condensation. The Spot
sampling manifold can be used with all the spot sampling techniques.

Separators (or drip pots) are generally not recommended in sampling systems. They may however be
used to ensure that any free liquids that have been collected by the sample probe, do not enter the
analyser or sample cylinder. Care shall be taken whenever one is used.

If possible, tion

shall be use

L. H 1.4 H £ile L 3 + raltloot + A | iy L
U I1ICUIIAITICATI UTVILTS, ITTILCUT Ul dUSUL }JLIVC IIrdicliar tiiat lJl UITIIULUT LUITUTTISALIVIT UL dUOSUIL

.

Filters are a
surface ared
directly tra
sorptive pa
present on {
are sources
contaminati

significant feature of a sampling system with regard to sorption effects, owing te the
required to achieve their principal function of contamination capture. Filter-surfacef can
b analytes of interest and can also indirectly capture analytes by accumulation of hjighly
Fticulates. Coalescing and/or membranes systems allow the rejection.of liquid droplets
he surface. Filters should minimize dead spaces around the filter €élement itself, as these
of potential contamination and analyte residence and should béZdesigned to remoye all
on upon replacement of the filter element during maintenance.

huge

Figure 12 — Filter schematics

10.5 Valve
All manuallj

service

s and safety valves
 operated shut off valves in the system shall have a proper open/close indication:

valvesshould be included at system inlet and outlet;

valves f

broen/off function should be ball valve type.

— needle and globe type valves are for flow control and regulating purpose.

Ball valves also offer better flow paths than needle valves and other valve types, which improve flow
characteristics and reduce contaminant residence.

Pressure reduction valves should include an integrated heating supply or be placed on a heated plate or
in a heated cabinet as required. See also 10.8.

In order to minimize potential leak points; the number of valves and fittings should be minimized. Using
elbows should be avoided; bended tubing is preferred. Valves with integrated fittings are generally
preferred.

The location of drain and vent valves shall ensure that no liquid can enter backwards into the analyser
vent line (analyser outlet).
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Safety valves: Pressure relief valves shall be installed in order to protect equipment and components
accordingly.

10.6 Fittings

Tubing compression fitting and sealing compounds should be of common make for the complete
sampling system.

Maximum allowable pressure ratings shall be in accordance with the tubing and tubing fitting

manufacturer published design data.
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ECLOTS to Sampie cyHnders siath-bedesigned for frequent use: Flexibie roses shoutd
ected with O-ring seal fittings. Standard ferrule NPT-fitting should not be used.

material of the tubing and fitting is different, the combination shall be verified-as a
tting manufacturer.

Flow monitoring and control

meters shall be used as necessary to ensure sample-/bypass-/vent-flows are accordit
ntrol the flow rate, a needle valve is normally installed in connection with flow-mete
"es might also be used to control the flow.

Pressure reducers

der to supply the analytical unit with sample gas atthe appropriate pressure, a pressu
e is often required.

nding on the pressure in the pipe and the pressure drop along the sample line,
bpriate to reduce the pressure at the beginning of the line to allow reducing the delay
duce the pressure at all

sure reducers should preferably besmade of stainless steel and PTFE.

sure regulators shall have a pressure rating that exceeds the maximum expected ling
as- sampling system.

to the Joule-Thomson) effect, the temperature falls by approximately 0,5 °C with
ction of 0,1 MPa, and)consequently there is a potential for condensation of heavy hydrg

s occurs, the-Sample is no longer representative, and shall consequently be rejected.
bf preventingthis fall-out is by heating to compensate for the temperature drop. The hg
ream of the' pressure reduction device. The system shall be designed so that no con
g placerat any point. The amount of heat energy required is dependent on the gas ¢
bur€.réduction, pressure and temperature, flow rate, etc.

e used and

cceptable by

g to design.
. Calibrated

re reduction

it might be
time, or not

pressure of

a pressure
carbons.

The normal
atis applied
densation is
omposition,

10.9 Pressure sensor/manometers

Pressure gauges should be installed as needed to monitor and control pressure in the system. Gauge
size should be kept low in order to reduce dead volume.

Block and bleed manifold should be avoided.

10.10 Heating devices

Heating elements may be installed on the sample probe and sample lines. In some cases, heating the
sample cylinder is also required. Electrical heating elements shall be of the self-limiting type. They shall
also meet the requirements of electrical codes for the area in which they are used. These requirements

©1S0 2022 - All rights reserved 33


https://standardsiso.com/api/?name=6270febc3860623a4243b394f0ea9347

ISO 10715:2022(E)

are needed to ensure that a heating element does not overheat if a failure occurs in the electrical
components.

The temperature in all parts of the sample lines including the sample conditioning equipment shall be
kept at a temperature of at least 10 °C above the hydrocarbon dew point temperature. The dew point
temperature shall be calculated by well recognized methods for every pressure level in the system. The
temperature and pressure at critical points in the sampling system can be indicated.

Circulation of heated ‘air’ can be required to ensure an even temperature in the cabinet.

Heat tracing of tubing inside cabinet can be required if cabinet temperature is not high enough.

10.11 Seals and lubricants

There are a\
product is

consideratig
are used wit

Uariety of seals for the equipment used in sampling systems. Compatibility with-the sanppled
fritical as well as choosing seals that meet the demands of temperature anhd pregsure
ns of the equipment and sampling process. There are equally a variety-of lubricantq that
h the seals and other points within the sample systems.

10.12 Sample containers or cylinders

10.12.1Genleral

Cylinders shall have a test pressure of at least 1,5 times the working.pressure.

Cylinders shall be protected against damage during transportation and storage. Transportation hoxes

or cartons designed for the individual type of cylinder shall*be available.

Cylinders shall be accompanied by labels or paperwork’with relevant information protected agpinst

damage.

Glass contaipners shall not be exposed to pressure.
If provided for, end caps shall be installed oneylinders during transportation and storage.
Cylinders shall have volume, workingpressure and test pressure permanently stamped.

Cylinders a1njd associated accessoriesshall be inspected and leak-tested periodically.

All cylinder
local and n|
are pressur

5 should meet apyand all safety requirements for the area in which they are used. |
ptional govermments have transportation requirements for these cylinders, since
ized and arésedarrying hazardous materials within the public domain. Safety is a st

Many
they
rong

hy countpies accept other country approvals, rather than setting up their own rules and test
[S.

priority. Ma
requiremen

ers'ean also be treated with coatings that assist in maintaining the integrity of the sa

coatings shall be specified.

The sample container shall not alter the gas composition in any way or affect the proper collection of
the gas sample. The materials, valves, seals and other components of the sample container shall all be
specified with this purpose in mind.

Containers for sampling are usually made of glass (for very low pressures, overpressure below 0,2 MPa),
stainless steel, titanium alloy or aluminium alloy.

Unless the containers are vacuum-sealed, they shall be equipped with at least two valves, allowing
purging of the gas sample. The container surface in contact with the gas shall be free from grease, oil or
any other polluting product. They shall be carefully cleaned to avoid absorption phenomena. Annex D
describes a cleaning procedure.
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Soft-seated valves are recommended over those having metal-to-metal seats.

Ther
a)

e are basically two types of cylinders available in natural gas sampling:

and

b) the constant pressure or piston style cylinder.

10.12.2Standard or single cavity cylinder

A st

ndard (clng]n cavity) cvlinderused for the collection of 2 cnmn]n for nnn]vcm such as

the single cavity, spun end cylinder is the most common cylinder used in the natural gas industry,

escribed in

Figu
of th
500 i

The

are dcceptable, but they present an integrity problem, in that you do not knowif some of thg

escaj
was

Key

10.1

The
surfa
serv

Figur
ratus toshow the user when the cylinder has reached 80 % capacity. When item 5 re

appa
(80 ¢

e 13. Typically, the cylinder is stainless steel and formed Wlth spun ends and tapped,
e cylinder. Some designs can only have a single tapped end. The most commoncsizeés
ml and 1 000 ml, with other volumes available.

Cylinder has a valve and a safety relief at one end and a valve at the other'end. Spring

bed or not. If it did vent, the sample would be tainted. With the rupture,disc, you know
bver pressured and vented, and now the tainted sample is gone.

=

at each end
are 300 ml,

type reliefs
t sample has
the cylinder

T

[l

7

ingle cavity standard cylinder

Figure 13-— Single cavity standard cylinder

2.3 Floating-piston cylinders or Constant Pressure cylinders

ce. The cylinder-is preferably closed with removable end caps to provide access for 1
e 14 givesian example of a floating-piston sample cylinder showing a cylinder with

o ring).the user should cease filling.

cing of the mowihg piston. The end caps are drilled and tapped for valves, gauges and 1

ontainer required for this method is constructed of metal tubing, honed and polished ¢n the inside

emoval and
elief valves.
an external
hches item 9
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Figure 14 — Floating-piston cylinder

This cylindgr is normally constructed of stainless<steel. The cylinder has a floating piston insidg that
allows the téchnician to pre-charge the back side-ofthe cylinder to line pressure and take a sample aft line
conditions and not allow the gas to depressurize or flash in the process. Then, and very importantly, the

cylinder can
maintain th|
the sample

a phase cha
charge valv{

Because thi

be taken to the lab and by connecting to a pre-charge gas at the line pressure of the sai
e sample at line conditions.during the analytical process. This maintains the integr}
it a very high level. For gases that have higher calorific value values and are susceptil
hge due to temperature'aor pressure changes, this cylinder is preferred. It has inlet and
s, a purge valve, safety reliefs and gauges.

5 cylinder has sedls, it is important that the seals are chosen correctly and are comp4

mple,
ty of
le to
pre-

tible

with the prd
area.

duct that is being sampled into it. Manufacturers’ recommendations are very helpful in this

10.13 Conkcentration devices

Where an ar lyse
the sample to obtain an accurate and reliable evaluation of analyte concentration. In this case, it may
be necessary to make use of a concentration device. The principle of such a device is to pass sample
through it and accumulate a sufficient concentration of the analyte(s) of interest. This accumulated
analyte captured within the concentration device can be subsequently liberated from the device using
elevated temperature and a neutral gas such as nitrogen to deliver it to an analytical instrument that
can accurately and reliably measure the concentration of the analyte.

:]yfn of interestis presentat pvh‘pmp]y lowz ]nvp]c’ it may not be pnccih]p to dirnrﬂy an

The purge gas should be used so as not to cause cross interference with the analyte(s) of interest in the
analytical instrument. For determining the concentration with a minimum uncertainty, it is necessary
to accurately know how much sample gas was flowed through the concentration device to accumulate
the amount of analyte used to generate the analytical result. This can be achieved by accurate flow
measurement equipment or by calculation.
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Concentration devices are made of materials suitable for the service and analyte(s) of interest and are
typically of glass or stainless steel construction and containing a medium that absorbs the analyte(s) of
interest.

10.14 Number and sequence of equipment

The function of a sample system is to deliver a representative gas sample to an analytical vessel using
methods earlier described. To minimize interaction of the sample system with the transiting gas
sample, fewest possible pieces of equipment should be used, and they should be selected to minimize
transit time and sorption effects. However, safety, source contamination and analytical protection

criteria often necessitate addition of sample system equipment to fulfil additional requirements, such
as liquid separation devices.
The pptimum sequence of items can vary by application, but in general placing afilter [close to the
sample offtake reduces accumulation of contamination throughout the sample system, ahd pressure
reduftion close to the sample point minimizes sample lag time. The sample gas flowmeter|needs to be
located after the analyser otherwise it becomes a wetted surface as well (see ‘Table 2).
Table 2 — Required equipment depending onthe cases
Clean. drv gas bein Online sample sys- | Online|trace ana-
. 1 QY 8 € | Automatic sam- | tefn for gas prop- |lyte sampling in HP
Equlipment per Ap- | sampled at line pres-
L - plers e.g. Incre- /)erty measurement | stream|e.g. mercu-
plication sure e.g. LP biometh- . .
mental Sampler,_|* e.g. gas chromato- |ry in ga§ processing
ane grab sample
graph plant
SJample probe R N N N
I4olation valve N R N N
DBB (double block
and bleed) v U R N
Valve heater 0 U 0 R
Pafticulate Filter 0 0 N N
Sample tubing N N N N
Heated tubing (¢} 0 0 N
(loated tubing 0 0 0 R
Jample pump 8] N U U
P regulation 0 U N N
Heated P reg §) 0 R N
P gauge 8] 0 R N
Flow meter U U R N
PSV/SRV{(pressure
safgty-valve/ safety 0 N N N
relief valve)
Heated enclosure 0 0 0 0
Sample cylinder N N 0 0
N = Necessary, R = Recommended, O = Optional, U = Unnecessary
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Table 2 (continued)

Online sample sys-

Clean, dry gas being tem for gas prop-

Automatic sam-

Online trace ana-
lyte sampling in HP

Equipment per Ap- | sampled at line pres-
P . plers e.g. Incre- | erty measurement | stream e.g. mercu-
plication sure e.g. LP biometh- . .
mental Sampler | e.g.gas chromato- |ryin gas processing
ane grab sample
graph plant

Probe recommended |A programmable |Heatingand coating |Ideally regulators,
for DN70/3” line and logic controller depends if the GC flow meters and
above (PLC) or other is being used to PSV/SRV outside

measure sulfur com-
pounds

device can be

Heating and coating are :
required to ensure

pathway

Comments

SUDJECt L0 dlidlyte Of

interest sampling accord-

ing to appropriate
P regulation and safety |flow/time
subject to process
conditions and sample
capture equipment

requirements

live measurement

N = Necessary

, R = Recommended, O = Optional, U = Unnecessary

The table il]
in certain s
rule for imp

11 Verifid

For certain
should be p
time, at a p{
and installa

Verification

ustrates some necessary, recommended and optional items of sampling equipment fo

hmpling applications. The examples shown are indicative ofily and not intended as a
ementation.

ation of the system

safety- or process-critical measurement applications, verification of the sample sy
erformed periodically to ensure no degradation of the sample system performance
briod specified by the user according to_their site and stream requirements. New de
Fions of sample systems should incorpdrate features to facilitate in situ verification.

of the sampling system assessesfunction and performance and is necessary to identif}

treat the COJI

During ma
design pres
the specific
be performd
ensure that

If a filter is
maintenanc
This is nece
sampling pe

tribution of sampling error to ahdlytical systems.

ufacture, pressure-retaining sampling assemblies should be pressure tested at 1,5 t
cure to demonstrate stfength of welds, joints and fittings. Management and executi
pressure test procedure is the responsibility of the manufacturer. A leak test should
bd, using leak deteetion fluid. This leak test should be repeated during commissioni
no joints have béen'compromised as a result of transportation or installation of the syj

used in the Sampling system, it is recommended to change this as part of a ro
e schedul€yat a period specified by the user according to their site and stream requirem
csary_due to the impact the filter has on sorption phenomena and consequential impa
rformance.

I use

fixed

stem
over
5igns

y and

imes
bn of
also
ng to
tem.

1itine
ents.
ct on

To verify pe

£ £4.1 1 4 il o 1 131 e 1 I BT |
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mple

system as close upstream to the sample point as practicable, typically at the head of the sample probe
via a selection valve. For existing sampling systems that have not been designed to allow introduction
of a verification gas, an additional selection valve may be added downstream (but close to) the sample
probe or tapping point. The verification gas should be similar in content and properties to the gas being
sampled and have known values or properties that can be verified by the analytical instrument, to
demonstrate no alteration to the sample identity has occurred in the sample system.

A sample system verification method is described in Annex H
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In-service measurement issues can be caused by a malfunctioning sample system. Sample system
issues can exhibit themselves in various forms or may not be immediately evident to the analyser or
operator as they can still be receiving sample, albeit no longer representative. In general, the issues can
be categorized by one of the following causes:

of the gas stream entering the sample system

(<

ac raccly

ra

laowar nraocace copaanacibi o) o ook o bl o) ool ac o oo o ot

Blockage orrestriction of sample flow through a sample system component, caused by contamination

A component malfunction or failure, caused by mismatch of design versus operating conditions

ch £ £o 1
SHeas PresSurcyTIovy, prottssS COTTPUSTOIUTT) UT COTTtaT i iratroTr 1oSUT S OT COTITPUTICTIT It t

— A molecular-level fault in sampling handling, resulting in chemical or physical changgs to the gas

q

External factors such as process upset and environmental impacts that effect the per
dample system are not covered by this summary of sample system specific issues.
onmental thermal and physical protection should be selected aceerding to expec
condiitions to minimize the impact of the environment. Process upset-issues cannot bg
within the sample system, however remedial action can include backflush of the sagple system
(inclphding sample lines and sample probe) and replacement of the filter element and other

the
envij

from

ample during sampling

contaminated sampling components.

formance of
Appropriate
red ambient
prevented

potentially

Som¢ common issues are listed below with some possible rémedial actions and proactive, preventative
actigns that can be taken to reduce the risk of in-service issties in Table 3.

Table 3 — Examples of common issues in sampling

# Sampling Description of issue Symptom Remedy Preventative action
issue
Contamination in the  |Decline of flow through | Change filter, assess Proactiveffilter change
gas stream saturates the system, tending to |suitability of sample schedule (Note that
the surface of the filter;"{ complete loss of flow.  |probe (position, point) |larger filt¢r capacity
Blocked preventing sufficient,” |Filter appears heavily |for minimizing contam- | extends fiJter change
1 filter stable flow through the | contaminated on in- ination ingress, check |schedule, put does not
sample systeni spection / changeout |process stream be- improve spmpling per-
having within normal |formance], appropriate
operating parameters |selection ¢f sample
position, point.
Aceumulation of con- | Decline of flow within |Backflush of sample Careful sefection
tamination drawn into |the sampling system, line and/or probe using | of sample [probe to
the sample probe and |tending to complete e.g. hexane over-pres- |discouragp ingress of
Blocked subsequently sample loss of flow surized (to above contamingnt particles/
2 probe$am- |lines due to poor probe process pressure) with |droplets and avoid
ple line tip design or poor e.g. nitrogen. localized gerosol for-
selection of sampling mation atthe sample
point according to point.
Clause 8
Replacement of sample |See Clause 8 and 10.1
probe (with better tip
design), if issue recur-
rent
Electrical failure of See sampling issues #5 |Check cause of failure |Selection of power
heating element of and #6 (component failure or |supply and heating
S . regulator, trace heated issue with appropri- component suitable
ample line, li . .
lator or |11n€OF par}el heatelr, ateness and stability for mlln/max/normzfll
3 regu resulting in sampling of power supply, for electrical load required
cabinet heat- |. .
er failure issues #5 and/or #6 example), replace faulty | to serve heater in the

heating element or
resolve source of power
failure

specific application
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Table 3 (continued)

# Sampling Description of issue Symptom Remedy Preventative action
issue
Release of pressure Insufficient pressure Review process condi- |Correct sizing for the
below threshold value |reaching analyser or tions and safety relief |process conditions and
4 Safety Relief |or failure to reseat rapid ‘bouncing’ of valve rating, replace regular service per
Valve Issue |after relief pressure as relief valve |[safety relief valve manufacturer’s
‘chatters’ open and . .
closed instructions
Gas pressure reduction |Frosting / condensa- Maintaining the sample | From sample system
causes instantaneous |tion forming on the temperature signifi- design and stream data,
7 COTICUTTETTt COUHTIE; outside of the pressure—cantty above thedew fdemntify wiemthegas
which if of sufficient regulator (or other flow | point of the gas. could potentiallylap-
magnitude can cause restriction / pressure . . proach phasebourldary
!l‘olil(:fnson retrograde condensa- |reduction point) of the Note: I-Dre;heatmg of the (dew point))and enjsure
5 (JT) dooling tion of some compo- sampling system. ga(Si prtl_or 0 rglessulre sufficieftheating 4p-
Effectl Issues |nents of the gas mix- Note: IT recuction 1s the only plied upstream of that
ture, thereby distorting ote: JT issues can way tp guarantee{ no paint
the sample’s identity occur on a mole(:‘ular tran51t0ry./ partial
level without being condensation (caused
(chemical fingerprint) |visible or evidentin the [by JT effect) occurs
analytical result
Molecules within a gas |Lower than expected Replacement of items  |See 9.1
sample can and interact |analyte concentration |of sampling €équipment
with internal surfaces that have farge internal
of a sampling system: measurements, volumesfand therefore
adsorbing to the presence of analytes surfagéarea), unpol-
surfaces under some when zero gas passgd ished-surfaces, untreat-
6 Sorptjon conditions and desorb- through system during ed(inert coated) sur-
issues ing from the surfaces €.8. purging faces; e.g. sample probe,
in different conditions large double block and
- both of which cause bleed valve. Heating of
imprecision in the ana- sample system com-
lytical result ponents achieves a net
reduction of adsorption
to surfaces
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Annex A
(informative)

Purposes of sampling, panel of compounds and information in the

sampling report

A.1| Purposes of sampling

Sampling is required to deliver process gas to an analytical instrument in numerous.applications within

the Natural Gas industry. Some examples of sampling applications, along with thé_ measur

incl

q

A2

This
1051 g

1)

1

oisture, hydrogen sulfide, ntercury, ammonia and others (subject to the processing application);

e:

nergy determination for billing applications, typically combining centinuous sampl
nline instrument to determine the heating value (and therefore mongtary value) of the
uch as MJ, BTU or KWh;

Mletering and allocation applications utilizing gas composition

)

combined with pressure and temperature, calculation of properties such as ga
operating and standard conditions,

combined with flow rate, calculation of representative gas composition used in |
allocation systems;

[as quality for gas network entry points,;~such as gas terminals and biomethane ent
onjunction with continuous moisture,'sulfur compound and dewpoint analytical insty

[as quality for processing, typically:-combining continuous sampling with an online in|
termine composition, other properties of interest or presence and levels of contamin|

has quality for initial or-batch audit or assessment purposes, typically combining sp
vith offline laboratory, analysis for trace contaminant compounds or representative
omposition for souree evaluation and facility design studies.

Componeénts and ranges of composition

documént’'may be used to sample all the components that are listed in EN 16726[4] an
nd EN-16723-2[6l,

ement goals
ing with an
gas in units
5 density at
ydrocarbon
"'y points, in
uments;

strument to

Ants such as

ot sampling
sample gas

d EN 16723-

A3

Information in the sampling report

If a sampling report is needed, it should contain information on:

©ISO

Date and time of sampling
Gas type/name

Sampling location/position/place/point

2022 - All rights reserved
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Annex B
(informative)

Procedures for sampling

B.1 Procedure for low pressure sampling into glass cylinders

B.1.1 Spe

Check that t
be used aro|
10 kPa, but {

Use safety g

cific safety precautions

he sample cylinder (see Figure B.1) has no cracks. It is recommended that a flexible s
und the sample cylinder. Normally, this is not necessary for a line pressure of 0,5 k
here is always a risk that the line pressure will be somewhat higher than.10 kPa.

pggles during sampling.

Dimensions in millin

75

210

B.1.2 Pre
Lubricate th
Clean the sa
Rinse aftery
Dry the cyli
When hydr

mple cylinder using a potassium hydroxide and soap solution.

10 55 215

465

Figure B.1 — Glass sample container (11)

paration of the glass cylinder

e stopcocks of the sample cylinder with silicone grease.

vards with distilled water.
hder withrhot air (water- and oil-free).

gentsulfide is to be analysed in the gas sample, rinse the sample cylinder with 0,01

eeve
Pa to

letres

mol/

H,S0,.

B.1.3 Sampling

For a typical sampling arrangement, see Figure B.2. (Figure B.3 shows a set-up for sampling from sub-
atmospheric pipelines.)
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D> SR}

sampling point

1

2 flowmeter

3 ventline

4  flare or vent

Figure B.2 — Sampling into glass cylinders

1
D><]

Key
1 dampling point
2 diaphragm pump (explosion-proof)
3 flowmeter valve
4  flowmeter
5 ventline

Figure B.3 — Sampling into glass cylinders from a sub-atmospheric pipeline

Meagure the pressupe at the sampling point. Make sure that the sample line overpressure does not
exceed 0,2 MPas

Conrlect thessample line to the sample cylinder.

Connlect.the inlet of the cylinder as close as possible to the sampling point using the sample|line.

Connect the outlet of the sample cylinder to the inlet of the flowmeter.

Connect the outlet of the flowmeter to a vent or a flare pipe.

Open the two stopcocks of the sample cylinder in the order of the direction of the gas flow.
Adjust the flow through the sample cylinder by means of the flowmeter.

Vent gas.

Check the presence of liquid fall-out during venting.

Discard the sample in the event of considerable amounts of liquid occurring.
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Close the sample cylinder after 30 min of purging, closing the stopcocks in the order opposite to the

direction of

the gas flow so that the pressure builds up.

Disconnect the sample cylinder.

Secure the s

topcocks with clamps against unintended opening and check for leaks.

B.1.4 Preparation for transport

Use a suitab

Check whet

le box f or transporting the sample cylinder.

her grease, hvdrocarbon condensate, dust or rust and/or water drops have been entr

ined

in the gas fl

B.2 Proc

The equipm|
All material

W.

pdure for sampling by the fill-and-empty method

ent is arranged as shown in Figure B.4. The extension tube has a length of 0,6 m to 1
5, including the tubing, are of stainless steel. The extension tube can-be coiled to alloy

sampling aﬂgaratus to be more compact. This extension tube is needed to prevent heavy-hydrocq

condensati

in the sample container outlet valve.

3

gauge
e

VE

2 m.
v the
rbon

Key

1 probe

2 valve

3 pressure
4 inlet valy
5 outletva
6

extension tube

Figure B.4 — Fill-and-empty method

The procedure for sampling by this method is as follows:

Install the sample probe.

Connect up the sample line.

Open the valve at the sampling point and thoroughly blow out any accumulated material. Connect one
end of the sample container through the sampling system to the gas source. Purge the line and container
slowly with gas to displace the air.

44
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Close the extension line valve and allow the pressure to build up rapidly to the selected container
pressure.

Close the inlet valve and slowly vent the container through the extension tube valve until it reaches
atmospheric pressure.

Open the inlet valve.

Repeat the last two steps for a number of cycles (see Table B.1) to effectively purge the container of the
original gas in the container.

Observe for traces of liquid at the discharge tube end.

After the last cycle, first close the extension tube valve and, after the pressure has built up to the
seledted container pressure, also close the sampling valve.

Recojrd the container pressure

Reco[d the source temperature.

Closeg the container inlet and outlet valves. Depressurize the sample liné:
Rem¢ve the sample container.

Check for leaks by immersion of the valves in water, if possible;'er use leak detector soap sdlution.

Pluglthe valves.

Table B.1 — Numbeér-of purge cycles

Final pressure in cylinder Number of purge cycles

MPa

0,1t0 0,2 13

0,2t0 0,4 08

0,4 to0,6 06

0s6te 1 05

Lto 3,5 04

23,5 03

B.3 | Procedure-for sampling by the controlled-rate method

The following'precautions are to be observed when sampling by this method:

a) The*source pressure shall be sufficient to produce stable flow conditions in the flow tube. The
pressure in the extension tube has to be 0,1 MPa or higher when venting to atmospherg.

b) The valves and piping in the sampling apparatus are sized large enough to allow sufficient flow
upstream of the flow tube.

The sampling arrangement is shown in Figure B.5
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6
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1 ><3— 8

No
Dl
W

Key

probe
ball valv¢
valve
pressure|gauge
vent
sample cpntainer
end valve

X N O Ul s W N

flow tub¢
Figure B.5 — Controlled-rate method

The procedure for sampling by this method {5 as follows:
Install a sampling probe and purge the probe with the natural gas.

Choose the most suitable sampling{unit. This depends on the sampling pressure. In most cases, ja set
suited for 0,8 MPa to 3 MPa, or aSéet'suited for 3 MPa to 7 MPa can be applied.

Now install fhe sample container.
Open the sample valve andpurge the sample container. Close all the valves.
Open the ball valve ahd sample valve slowly.

Slowly open|the'vent valve a little.

Close the sampling valve and wait until the pressure in the sampling line is near atmospheric. Repeat
this purging procedure three times.

Close the vent valve.

Open the inlet valve slowly and then bring the sampling container up to the prevailing pressure.
Open the container outlet valve. Open the end valve.

Purge for at least 1 min.

Record, during purging, the temperature of the natural gas and the inlet and outlet pressure of the gas
stream through the container.

Close the end valve. Close the outlet valve. Close the inlet valve. Close the sample valve.
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rd the container pressure and the service temperature.

Open the vent valve and wait till the pressure falls to atmospheric.

Remove the sampling unit and probe and check the sample container for leaks by immersion of the
valves in water, if possible, or by using leak detector solutions.

Plug

B.4

the valves.

Procedure for sampling by the evacuated-cylinder method

cylinlder may be filled to a positive pressure with a gas which will not interfere with th

Then.rqmpment arrangement 1s shown in Figure B.6 As an alternative to cylinder eva
techpique to be used

If th
to ah
pres

Suit3
the 4
pres
gas

Key

AW N R
=

e final pressure is below atmospheric pressure, the sample pressure is,immediate

cuation, the
e analytical

y increased

out 0,03 MPa gauge by pressurizing with a gas which will not interfere ‘with the apnalysis. The

bures existing immediately before and after pressurization are recorded:

ble gases are hydrogen or helium, considering that they are ot components of

interest for

nalyzer. The air content of the container is reduced to a low~value either by purging with the

burizing gas or by evacuating and filling with the pressurizinggas. The presence of the
yill require some modification to the analytical method.

3
3
2 X3
1
L

robe
all valve
alve
ent

Figure B.6 — Evacuated-cylinder method

bressurizing

The procedure for sampling by the evacuated-container method is as follows:

a) Cylinder preparation

Evacuate the sample container to a pressure of 100 Pa or less. (Use a cylinder that has been previously
evacuated and tested to hold this vacuum.)

Check, before using the vacuum, with a vacuum gauge to be certain the valve has not leaked.

b) Sampling

Install the sampling probe.

Purge the probe with the pipeline gas.

©ISO
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Install the sample container as shown in Figure B.6.

Slowly purge the sample line with gas to displace the air by partially opening the vent valve and the
sample valve until gas is flowing slowly out of the vent valve.

Close the sample valve and allow the sample line to vent until atmospheric pressure is reached. Close
the vent valve.

Open the sample valve fully.

Slowly open the container inlet valve, allowing the container pressure to increase to the source pressure

In some cas¢s, condensation may be eliminated by sampling at a pressure less than the source pregsure
(“reduced pressure” method).

Close the coptainer inlet valve and the sample valve.

c) Prepardtion for transport

Open the vent valve to release the pressure in the sample line. Remove the samplecontainer.
Check for lepiks by immersion of the cylinder inlet valve in water or, preferahly;by using a leak detg¢ctor.

Plug the valye.
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Annex C
(informative)

Gas sorption effect: adsorption/desorption

The processes of adsorption and desorption are of significant importance to the analysis of a number
of constituents of interest that are found in natural gas. It is therefore of vital importance that these

proc
the

bsses are well understood by persons constructing sampling systems. Adsorption,i
rocess whereby a substance (typically a gas or liquid) adheres to the surface of ja'g

cominonly a liquid). Broadly speaking, it encompasses the increase in concentration)in’a r

two

Ther]

a)

b)

This
errof
samy

Furt
by ej

can

intern]
for si
betw
cont
gasl
adso
thersg

The

stain

Whil

phases are in mutual contact (i.e. the phase boundary) relative to the bulk phase.
e are two principal types of adsorption:

ﬂ;lhysisorption, which is defined as adsorption where the predominant forces involvg

q
1

hemisorption, which is defined as adsorption entailing strafg chemical attraction th
he chemical identity of the molecules.

annex provides only the basic information on whatishould be considered so tha
s or uncertainties in analytical results are not introduced from the construction of in
ling systems.

her there is also a misconception for sampling systems that it is satisfactory to “conditi
kposing it to a particular concentration of\the adsorbate for a period of time. While

vork perfectly well for calibration or.similar gases where the concentration of the

ded to be “constant” it is not satisfactory for sampling systems where the whole purpo
mall changes in concentrations. Qne'ef the factors that determine the state of dynamic
een an adsorbent and an adsorbdte is the concentration of the adsorbate in the gag
ct with the adsorbent. Therefore if there is a change in the concentration of the adsd
hixture then there is a time'delay before a new equilibrium is reached through the prod

y

is the possibility of measuring a false concentration of the analyte.

following text rélates to the process of sorption as it relates to the surfaces of so
less steel and the reactive components as noted above.

there is-little quantitative data available about the strength of and amount of ads

occufs it isskhown that a dynamic equilibrium is reached. The dynamic equilibrium state
throigheut™an entire sampling system and containment regime so that false measuren
analyte-are avoided. A dynamic equilibrium state is dependent upon the following:

5 defined as
olid (or less
pgion where

d are weak,

termolecular attractions that do not alter the chemical identity of‘the molecules themselves and

ht does alter

E significant
appropriate

pn” a surface
this concept
hdsorbate is
se is looking
equilibrium

mixture in
rbate in the
ess of either

ption or desorption of the adsorbate. Consequently until the new dynamic equilibriugn is reached

lids such as

brption that
S necessary
nents of the

the material of the solid;

the surface area of the solid in contact with the adsorbate;
the temperature of the surface in contact with the adsorbate;
the condition of the surface in contact with the adsorbate;
the concentration of the adsorbate in the gas mixture;

the pressure of the gas mixture.
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Annex D
(informative)

Cleaning of steel sampling cylinders

An example of a very thorough cleaning procedure is given below.

Vent off any[fesidual sample gas. Evacuate of purge with nitrogen.

Fill the cyligder with a cleaning product. Shake the cylinder on a shaking machine for 2 h. Transfdr the
cleaning prqduct to a suitable receptacle.

Fill again with fresh cleaning product and replace the cylinder on the shaking maching'for 2 h.
Remove thecleaning product, drying with nitrogen -or dry air.

Dry the cylipder further in a hot-air oven at 90 °C making sure that the valves,séats, seals temperature
rating are cpmpatible. If the cylinder is equipped with only one valve, evacuate the cylinder during the
drying operption. If it is equipped with two valves, purge it with nitrogen{during the drying. The dyying
operation tgkes approximately 12 h.

After cooling, fill the cylinder with nitrogen and empty it three timie€s.
Afterwards|fill the cylinder with nitrogen to a pressure of 1L:MPa.

Wait for 2 hjand check by chromatography for the presence of cleaning product and other impurities.
Keep the cofresponding chromatogram with the cylinder documents.

The amount of chromatographic checking may-be reduced by using a statistical approach.
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Annex E
(informative)

Joule-Thomson cooling and phase behaviour

The sampling of natural gas very frequently involves pressure reduction, from pipeline or plant pressure
which can be up to 7 Mpa (70 bar) for transmission lines, or higher for process plant, to the pressure
requjred for an analyser, which is commonly close to atmospheric pressure. When any gas expands, it
coold due to areduction in enthalpy. If the gas is a mixture containing condensable componénts, the drop
in temperature can cause some of these components to form a separate liquid phase,-thereby altering
the composition of the gas phase and possibly blocking filters etc. A properly designed sampling system
avoids such problems.

Natufral gases show very non-ideal phase behaviour, referred to as retrograde. To illustrdte this, first
consjder the behaviour of an air/water mixture. When saturated at 20-°C and 7 MPa (|70 bar), the
mixture contains 0,047 % of water. The dewline of this mixture is show by the solid line in Figure E.1.
Any pressure/temperature conditions to the right of this line représent single phase gas. The dewline
itself is the locus of points at which liquid water first appears,’and conditions to the left of the line
represent two-phase mixtures, with the amount of liquid waterincreasing as one moves fyrther to the
left df the line.

Y
80

: 7
: 7
30 /

20 7

iy -/

/ /
0 | | | |
6 -5 5 15 25 X
Key
X temperature (°C)
Y pressure (bar = 0,1 MPa)
—1 £ dewline
]-T cooling

Figure E.1 — Phase behaviour of air/water mixture

Figure E.1 also shows the Joule-Thomson (J-T) cooling curve as a broken line. This represents the
temperature change as the mixture is expanded from 70 bar to 5 bar, and shows a drop from 20 °C to
7 °C. All points on this line are to the right of the dewline, and so no separation of liquid water occurs.
This corresponds closely to ideal gas behaviour and the pressure change for this mixture is problem-
free.

Hydrocarbon mixtures behave in a more complex manner, as illustrated in Figure E.2. This shows the
behaviour of a methane/n-nonane mixture, which is also saturated at 20 °C and 70 bar, and contains
0,065 % nonane. Two differences from Figure E.1 are evident. The J-T effect produces a significantly
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larger temperature drop, falling from 20 °C to =11 °C as opposed to 7 °C. This is due to the significantly
higher compression factor, Z (in the equation PV = ZRT), for methane as opposed to air. At 20 °C and
70 bar, Z = 0,992 for air (close to ideal) but 0,882 for methane.

Y
80
70

60 7
50 // \
0 ~ \

30 —
20 e

o - -

0 | | | | |
-15 -5 5 15 25 35 X

Key
X temperature (°C)

Y pressure (bar = 0,1 MPa))
dewline

_— J-T cooling
Figure E.2 — Phase behaviour of methane/nonane mixture

The more spectacular difference is in the shape of the dewline. Instead of falling consistently af the
pressure falls, the dewpoint temperature increasés’over the range 70 bar to 30 bar, and only sfarts
to fall therepfter. This means that at all pressures below 70 bar a varying proportion of the nongne is
present as liquid. This problem can be avoided by pre-heating the gas mixture before pressure reduftion
so that the [J-T line stays to the right of the dewline in the single gas phase region. The alternative
approach of|heating the mixture after pressure reduction has the problem, particularly when sampling
from a flowjing system, that the phases may not recombine so as to represent the starting condition
(Figure E.2)
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Figure E.3 — Phase behaviour ofreal natural gas

ral behaviour of a real natural gas is shown in Figure E.3. This is equilibrated at 80 b4
degree of cooling is required to avoid subseguéent retrograde condensation. The highe
erature for this mixture is about -5 °C at 35'bar. The J-T curve showing the expansion
and 70 bar only just avoids intersecting with the dewline. If the gas is expanded fro
1, the J-T curve clearly intersects the/two-phase region. Within the two-phase region
hdensate increases as the ]-T curvéumoves further to the left of the dewline, and the co
ondensate varies with both temperature and pressure. Given the complexity and varig

e which is representative ofithe initial composition.

chape of the J-T curye\does not vary much between different gas compositions. As

the shape and the,position of the dewline vary significantly with composition, and arg
enced by traces of higher molecular weight components. Detailed analytical mea
ssary to allow the shape of the dewline to be calculated with sufficient confidence

rand 26 °C.
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Limb, it can be assuied that each pressure reduction of 2 bar causes a temperature drop of 1 °C.
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Annex F
(informative)

Vortex shedding and associated problems

ViV (Vortex Induced Vibration), occurs due to vortex formation and shedding when fluid passes a bluff
body. The vortex shedding around a cylindrical body, such as a sample probe, occurs at the lateral

surfaces of {

Key

BwWw N R =< X

The vor
induces
(can be

The con
profile/|
conditid

ViV issu

he probe shaft and around the tip (subject to tip profile).

tex shedding is regular, meaning a net cyclic load is imparted onto the probe shaft v
vibrations that correspond in direction to the net forces imparted by the varteX shed
in-line with flow, lateral to flow and a combination of both “Figure F.1”).

ditions that determine when and how severely the vortex shedding astivates are: g
peometry/length, process velocity/pressure/density/viscosity, as'well as some nj
ns such as main pipe geometry, flow regime etc.

es occur when induced vibrations reach certain critical ratiosto the natural frequen

rhich
lding

robe
)acro

cy of

the samiple probe, as you enter a resonant mode with associated spike in amplitude of vibration and

associaf
induced
than ~1

fluid veld
vibratiorn]
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ed forces imparted on the probe body. Research and testing have shown that the ratio
vibration frequency and natural frequency of the probe can be as low as 0,4; much |
.1 ratio predicted in some previous standards.

1 2
X

amplitude

city

sonance

transver

fthe
pwer

e Fesonance

fs = 0,4 f.¢ (where f; is Strouhal” frequency and f, ¢ is natural frequency)
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Figure F.1 — Vortex induced vibration (source ASME PTC 19.3TW:2016[71))

In accordance with the vortex shedding theory, the oscillating mechanisms and frequency can be
described by a non-dimensional number, the Strouhal number (St), as follows (see Reference [8]);

f=StU/D

54

© IS0 2022 - All rights res

(F.1)

erved


https://standardsiso.com/api/?name=6270febc3860623a4243b394f0ea9347

ISO 10715:2022(E)

where

D is the diameter of the cylinder, in meters;
U is the flow velocity approaching the cylinder, in meters per second;
[ is the frequency of vortex shedding, in hertz.

Moreover, the vortex pattern varies over a range of major Reynolds number regimes across a smooth
cylinder, as shown in Figure F.2. The vortex shedding is a function of Reynolds number (Re), which is:

e=1 n//u (FZ)

Where v is the kinematic viscosity of the fluid.

% Re <5

Regime of unseparated flow

S 5to15<Re<40
v

A fixed pair of Foppl vortices in wake
/%% 0\ (0 |40<Re<90and90 <Re<150
0 ¢ Two regimes in which vortex<treéet is laminar
150 < Re < 300 Transitiorkrange to turbulence in vortex

/\o\
@9 300 < Re < 3x10° Vortexstreet is fully turbulent
7

@2{2 3 x 105 < Re < 3,5 x310°
~X = Laminar boundary layer has undergone turbulent transitiop and wake

is narrower<and disorganized

3,5 x 109<'Re
%%00 Yo

Re-establishment of turbulent vortex street

Figure F.2 — Vortex-patterns created from different Reynolds Number regimesl€l

Becalse there is a streng correlation between St and Re as shown in Figure F.3[8], the characteristic
of the oscillatory wake can be predicted by inferring the oscillatory frequency from a sefies of wind
tunnkl tests.
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Figure F.3 — Relationship between St and Re.for-cylinders with diameters between (2 to 25) cm

Despite an agbundance of generic vortex shedding theory, a simple, comprehensive set of calculations
applicable tp sample probes is not readilyravailable in an international standard. However, a numher of
references gxist from international bodies such as EEMUA, IPA and IEC. A fairly comprehensive get of
calculationsg for thermowells, of similar shape and form as sample probes, is found in ASME PTC 19.8 TW
2016. Compfitational fluid dynamics can be utilized to assess suitability of a design in given conditions.

Changing thie geometry/length of the sample probe design can achieve the objective of staying outsjde of
a potentially dangerous.operating envelope with regards ViV. However, making a probe too short[risks
losing the répresentativeness of the sample. Making the probe shaft thicker increases the magnitude of
the vortex shedding'and associated loads, which can be translated to the main pipeline connectjon if
the probe shaft itself is overly stiff.

Furthermorg‘the probe needs to be designed to reduce vortex shedding and/or to be resistant tp the
vibrational effects of vortex shedding.

Care should be taken to consider ALL conditions a sample probe will be exposed to during its service
life, including, but not limited to: full system blow down, cycling of conditions during start-up/
commissioning/de-commissioning, production ramp-up and others. This is important as the design of
sample probe should be resilient to vortex induced vibration-causing regimes in all operational modes.

Proprietary sample probe technology has been developed to disrupt the formation of vortices at the
lateral surfaces of the probe shaft across a range of conditions, using helical strakes. However, users
should request evidence from manufacturers of such equipment that the design has been scientifically
proven to effectively counteract the vortex shedding effect and is suitable for the given process
condition (range) expected.
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