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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
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task of technical committees is to prepare International Standards. Draft Interpational Standa
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Introduction

Under certain conditions, higher hydrocarbons present in natural gas or similar gases can condense and the
hydrocarbon liquids formed can cause difficulties in the operation of gas transport and distribution systems.

conditions
ch the first
bthods are

ifluminated,

(automatic

ir or carbon
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bable way,
ecause of
es for the

itor is often

“tuped” to match the value measured by a manual chilled mirror;‘or “tuned” to the value calculated from a

and 8,54 °C [Gas B, with pressure equal 16°3,5 MPa (35 bars), detector sensitivity varying between 110 mV an

In 007, the results of a compfehensive study [2] of the measurement of the hydrocarbon dew point
symthetic natural gases was_published. In this study, six analytical methods were examined: one
chilled-mirror instrument{ one manual chilled-mirror instrument, two laboratory gas chromatograpk
prqcess gas chromatagraphs. In this study, it is concluded that the role of accurate synthetic gas
thqg calibration of chilted-mirror instruments is limited. Furthermore, it is stated that a standard comg

y the value
a physical
e into the
using the

arbon-dew-
vs from real
en —6,28 °C
i 275 mV].

of real and
automatic
s and two
mixtures in
osed of n-

bufane in nitrogen‘is indeed a straightforward and inexpensive way to calibrate a chilled-mirror instjument, yet

forms an atypical, rapidly condensing hydrocarbon film. Therefore, such a calibration gas has Ilim
caljbrating a.\hydrocarbon-dew-point instrument.

NQTE 2 Several studies showed the importance of not only the component concentration in a calibration

ted use in

mixture but

alsp knowledge of the nature of the components used. For example, a GERG study ] shows that adding arofnatic and/or
cyd I i i I I Tt |

Based on the working principle of chilled-mirror devices, there are five major sources that can be responsible
for significant systematic errors in the measured hydrocarbon dew point and for which no adjustment can be

made because no proper calibration method exists. These five sources are

a) the often significant amount of liquid that it is necessary to form before the instrument is able to detect the

dew point temperature;
b) the cooling rate, which is often too fast to ensure that the temperature measured by a temperat

somewhere in the mirror equals the temperature of the mirror surface and the temperature of
the measuring cell;

© 1SO 2009 — All rights reserved

ure sensor
the gas in


https://standardsiso.com/api/?name=b39634ba790742b1107a226c351cc08f

ISO/TR 12148:2009(E)

c) the way the gas flow passes through the measurement cell during the actual measuring phase

(continuous versus stop-flow principle);

d) the measurement of the mirror temperature, which doesn’t take place at the mirror surface itself but near

the mirror surface;

e) the hydrocarbon dew point that, when measured at a certain pressure setting, doesn’t necessarily

corresponds to the cricondentherm pressure valid for the actual gas composition.

In thls Technlcal Report a cal|brat|on procedure is presented wh|ch aIIows the adjustment and even the

unambigugusly to a glven value for the potential hydrocarbon liquid content (PHLC) at this measured’de

point temperature. In this way, a traceable and much more objective measurement of the hydrocarbon d
point is pogsible. By doing an on-site comparison/calibration against the indirect automatic weighing methoq

is even possible to correct for the gas-dependent performance of the hydrocarbon-dew-point 'analyser, whi

exists to spme extent for different natural gases.

Measurements carried out according to 1SO 6570 consist of cooling down a well"defined gas flow td
specified gnd accurately measured temperature. The gas has enough time to form Jiquid and to establis
gas-liquid pquilibrium at a certain pressure and temperature. This process is similabto the process that occ
in practice} when in a pipeline the pressure and/or temperature are reduced, the ‘complete gas flow is coo
down and|depending on the gas quality in the worst case can result in, hydrocarbon liquid drop out.
calibrating| a dew point analyser against ISO 6570, it is made sure thatya dew point is obtained, which
related to| the process which actually occurs in the pipeline upoeh  pressure reduction, although
measurement technique is quite different to the process in the pipeline:

According|to ISO 6570, the detection limit of the automatic weighing method is 5 mg/Nm3. Theoretically it g
be argued|that the temperature corresponding to a potential hydrocarbon liquid content of 5 mg/m3 is ng
correct esfimate for the hydrocarbon-dew-point temperature. However, taking into account the measur
capabilitie$ of the existing hydrocarbon-dew-point meastirement devices, this effect can be neglected.

Based on [the geometry of the measurement cell.jof a chilled mirror instrument, it is estimated by Cowpef

that it is necessary to condense approximately 70 mg/Nm3 onto a mirror surface to register a hydrocarb
dew-point femperature. Depending on the gas composition, this effect results in a bias of up to -1,5 °C in
measured [hydrocarbon dew point value.

NOTE 3 EASEE-gas (European Assoeciation for the Streamlining of Energy Exchange) recently agreed u
harmonized values of the hydrocarben dew point throughout Europe (Common Business Practice 2005-001/01)["].
required hgrmonized measuring method, which it is still necessary to identify, can clearly benefit from the propo
traceable calibration procedure presented in this Technical Report.
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Natural gas — Calibration of chilled mirror type instruments
for hydrocarbon dewpoint (liquid formation)
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If the gas composition is constant, the manual weighing method (method A) described in ISO 65
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Scope

omatic hydrocarbon-dew-point chilled-mirror instruments using thé_indirect automatic weighi
bthod B) described in ISO 6570:2001 to determine the potential hydrocarbon liquid content of n
similar gas. The calibration procedure is intended for use by ‘chilled-mirror instruments in d
blications transferring processed natural gas.

o applicable.

TE 1 Whether or not a gas composition is constant is difficult to establish. A process gas chromatd
psuring calorific values within 0,1 % is absolutelyno guarantee for a constant hydrocarbon liquid drop-
rmation up to C,, is required to verify that the gas composition is constant.

TE 2  The application of this calibration-procedure in the upstream area is not excluded a priori, howev
Fe is no experience using this procedure inran upstream environment.

b usability of data on the potential hydrocarbon liquid content of natural gas for verification, adj
bration of hydrocarbon-dew-point chilled-mirror instruments is based on the condensation bg

hniques to determing properties, like hydrocarbon dew point and potential hydrocarbon liqu
pted to the condensation behaviour of natural gases are given in Annex A.

TE 3  Unlessotherwise specified, gas volumes are in cubic metres at 273,15 K and 101,325 kPa.

Normative references

ions and
problems
establish

s Technical Report describes the principles of, and general requirements for, the traceable ca'Libration of

g method
atural gas,
bwnstream

70:2001 is

graph (GC)
but content.

er, currently

ustment or
haviour of
measuring
d content,

Th

p_following referenced documents are indispensable for the application of this document

For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6570:2001, Natural gas — Determination of potential hydrocarbon liquid content — Gravimetric methods

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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potential hydrocarbon liquid content

PHLC

property of natural gas defined as the amount of the condensable liquid (in milligrams) at the pressure, p, and
temperature, T, of the measurement per unit volume of gas at normal conditions, that is, at a temperature of
0 °C and a pressure of 101,325 kPa, by passing a representative sample of the gas through an apparatus
where it is first brought to the pressure, p, and then cooled to the temperature, T

NOTE It is necessary to take care that only gas, not a two-phase mixture, has been withdrawn from the pipeline.
3.2

hydrocarhon dew point

HCDP

property of natural gas defined as the temperature, Tycpp, at which an automatic chilled-mirror instrument
detects the first presence of hydrocarbon liquid drop out at the pressure, p

NOTE In chemical thermodynamics, the “true” hydrocarbon dew point is the temperature (at a stated pressure) at
which the epthalpy of the gas and liquid phases is identical. Since measurement of the dew point javolves reduction of|the
system temperature, this equates to the temperature at which the first appearance of the liquid phase occurs. At this pqint,
the quantity| of liquid phase is infinitesimally small. Since no instrument is able to detect this-igfinitesimally small amount,
the aforemgntioned definition of the hydrocarbon dew point is adopted in this Technical Repert. However, depending| on
the gas conposition and the sensitivity of the detection system of the hydrocarbon-dew-point chilled-mirror device, [the
measured Hydrocarbon dew point can be considerably lower than the “true” hydrocarben'dew point.

3.3
PHLC refdrence value
parameter|in the calibration procedure chosen by the user

NOTE At the PHLC reference value, the hydrocarbon dew poinf'témperature and the temperature of the ISO 6570
measuremgnt are equal.

4 Symbpols

p  pressuiire at which PHLC and hydrocarbon dew point measurement are carried out

T tempdgrature at which the PHLC measurement is carried out

5 Performance characteristics of automatic weighing method in accordance with
ISO 6570:2001

WARNING — The insttumentation used for this method shall comply with local legal and safety
regulatiorls, especially with the local regulations for application of the instrumentation in hazardqus
areas.

5.1 Working principle

The principle of the indirect automatic weighing method (method B) is described in ISO 6570:2001. An
example of an implementation of this method is shown in Figure 1. ISO 6570 states that the quantity of
hydrocarbon liquids that can be formed at a certain pressure and temperature is determined by passing a
representative sample of the gas through the apparatus where it is first brought to the required pressure and
then cooled to the required temperature. The liquids formed during cooling are separated from the gas flow
and collected by means of a cyclone separator into a measuring tube. The measuring tube is automatically
drained when it is totally filled up with liquid. The liquid from the measuring tube is collected in a hydrocarbon-
liquids drum. In the indirect automatic weighing method, the determination of the amount of hydrocarbon
liquids formed is derived from the differential pressure measured along the measuring tube.

2 © 1SO 2009 — All rights reserved
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Natural gas

Condensate

Calibration liquid

A
D
<

relieve valve
pressure controller
restriction

flow controller

heat exchanger
gas/liquid separator
maximum level

0 N O OB~ WON -

measuring tube

©

minimum level

-
o

condensate-drum

-
-

injectionpgint for calibration liquid

-
N

diffetential pressure sensor

-
w

drain valve

Figure 1 — Implementation of indirect automatic weighing method according to ISO 6570
(GACOM® of N.V. Nederlandse Gasunie) 1)

1) GACOM is an example of a suitable product available commercially. This information is given for the convenience of
users of ISO 12148 and does not constitute an endorsement by ISO of this product.
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5.2 Fun

521 Ge

ctional requirements

neral

To ensure the correct functioning of the indirect automatic weighing method, it is necessary to fulfil the
requirements given in 5.2.2 to 5.2.8.

5.22 Ga

The samp

s sampling

ling point at the pipeline should be situated as described in ISO 10715 [6]. The sampling syst

em

should be
cricondent]
sample lin
least to mi

NOTE
measured h

5.2.3 Ca

The indire
pressure
the meastu
Such calib
(large) adj

NOTE
static press
therefore, a

5.2.4 Pre¢ssure controller

In ISO 657
cyclone s¢
variations
the samplg

NOTE
10 kPa only

525 Te

In accorda
liquid at ar

NOTE

such that a continuous gas withdrawal at a pressure and temperature considerably above
herm is possible. No liquids or aerosols should be withdrawn together with the gas sample, -1
b should be heat traced up to at least 35 °C. The sampling system should be clean to preyent o
himize the adsorption of higher hydrocarbons.

(Excessive) adsorption of higher hydrocarbons in the sampling system results in a systematic error in
ydrocarbon dew point value.

ibration of the differential pressure sensor

.t automatic weighing method requires calibration of the differential pressure sensor. The differen
ansmitter is calibrated by introducing known amounts of a calibration liquid, such as n-decane, i
ring tube at the temperature and pressure at which the PHEC. measurement will be perform
ration shall be carried out at least at the start of a new measurement or calibration series and a
Istments of the measuring pressure, p, or measuring temperature, T.

Frequent calibration of the differential pressure sensor is required to exclude the possible interference of
ure and/or temperature on the raw output of the sensori . The measured differential pressures are small g
ny small interferences can considerably disturb the measurement results.

0, the pressure controller is allowed.to introduce a maximum variation of 10 kPa in the gas/liq
parator. For this particular application, it is advised to use a pressure regulator that introdu
n the pressure of less than 1Q KPa. Either the pressure controller should be electrically heated
line and controller should betheat traced up to at least 40 °C.

Commercially available, -high-quality pressure controllers introduce variations in the pressure of less t
for gas flows of approximately 1 Nm3/hr.

mperature confrol

nce with /S@ 6570, the cooling bath shall be capable of maintaining the temperature of the cool
y point:ofithe bath with a variation of less than 0,25 K.

For.temperatures below —15 °C, the specification in this subclause is difficult to maintain without taking spe|

precaution

the
he
at

the

tial
hto
ed.
fter

the

nd,

uid
tes
or

han

ng

cial

FQpnPinlly with high environmental fnmpnrnhlrne’ such-as occur dllring ellmmnrﬁma:7 rnglllgr thermostats.

re

not able to meet the specified criterion.

5.2.6 Me

asurement of pressure and temperature

The pressure and temperature sensors shall be calibrated at least once a year.

5.2.7 Flow measurement

The device for measuring the gas flow through the instrument, which is normally operated with a gas flow of
1 Nm3/hr, shall be checked at regular intervals against a calibrated gas meter. Such verification shall be
carried out at least at the start of a new measurement or calibration series.
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The automatic measuring device is operating with a gas flow of 1Nm 3/hr at a fixed pressure, most often
between 2,7 MPa and 3,0 MPa [(27 and 30 bar) (at the cricondentherm)], and a temperature (e.g. -3 °C) at

wh

ich the hydrocarbon liquid content (often 5 mg/Nm3) is specified in some contracts.

5.2.8 PHLC measurement period

Due to the nature of the PHLC measurement, measurement values become available at a certain time interval.
Since a short cycle period results in PHLC measurements with a high uncertainty, it is advised to use a cycle

tim

5.3

Th
be
PH

As
Bo

pre
+5

rar

e of at least 30 min.

a period of at least 24 hours or more.

b Measurement uncertainty

haviour of the gas being measured. PHLC-values above 5 mg/m3 shall be detected unambiguoy
LC values (less than 30 mg/Nm3), the uncertainty shall be equal or less than 5mg/Nm3.

an example, the results of two individual, indirect automatic weighing instrdments are presented

ssure and temperature. These results give an indication of the achievable reproducibility, whid

mpare data

b uncertainty in the PHLC value depends on the pressure and temperature set points and the copdensation

sly. At low

n Figure 2.

th devices measure the potential hydrocarbon liquid content of the same’gas and are operating at the same

h is within

mg/Nm3. During other experiments with a stable, type H-gas (high calorific value), an even smaller

dom error (20) of + 2mg/Nm3 was found.
YA
180
160 1
e

N — A
N Mﬂ ~ I | |
V- |

. \u !M { |

60
40
20 |
i
0 : : : | AR, VWY VA | . -
1 3 5 7 9 1M 13 15 X
Key
1 GACOM,
2 GACOM,
X day
Y condensate concentration, expressed in milligrams per normal cubic metre

Figure 2 — PHLC measurements using 2 GACOM® units for an L-type gas at 2 700 kPa and -3 °C
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6 Performance requirements for a chilled-mirror-type instrument for hydrocarbon-
dew-point determination

WARNING — The instrumentation used for this method shall comply with local legal and safety
regulations, especially with the local regulations for application of the instrumentation in hazardous
areas.

6.1 Working principle

Although there are some significant differences in the implementation, the measuring principle of a
hydrocarbgn-dew-point chilled-mirror instrument is identical for all instruments. After pressure reduction;, fhe
gas is pagsed through a measuring cell. During normal operation, the measuring pressure is chosen‘to|be
close to the value at which the dew-point temperature is at its maximum (the cricondentherm). The measuring
cell has ar| observation window at one side and a mirror surface at the other side. This mirror is mounted oh a
cooling bofly and the cooling down can be accomplished in a controlled way. The cooling body. itself is cooled
either eledfrically (Peltier element) or by the expansion of carbon dioxide or another gas. The temperaturg of
the mirror js measured continuously. The sample gas may be flowed through the cell contintiously, or, havjng
flowed sufficiently to purge the cell, mirror and pipe work, blocked in without flow whilehe cooling cycle of the
mirror stants. The mirror surface is observed by reflected light, either visually by an\operator in the manual
version or|by photocell in the automated instrument. An example of an implementation of an automatic dgw-
point chillgd-mirror instrument is shown in Figure 3.

i

[T}

. Natural gas
|:| Corrdensate

Key

1 light source 5 mirror

2 light detector 6 Peltier element
3  temperature sensor 7 heat sink

4  pressure controller 8 flow controller

Figure 3 — Implementation of an automatic chilled-mirror device
for hydrocarbon-dew-point determination
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A dew point analyser does not determine the theoretical dew point temperature of a natural gas, but it
measures the temperature at which a certain amount of liquid is condensed on the mirror so that a significant
and reproducible change in light scattering is observed, either by a skilled person or by a light-detecting
sensor. From calculations, it can be shown that the hydrocarbon liquid drop out that is required to get a
reproducible dew-point observation often corresponds with 20 mg/Nm?3 to 70 mg/Nm3 hydrocarbon liquid drop
out. In fact, the dew-point meter can be considered as a potential hydrocarbon-liquid-content meter, and the
measured dew point temperature is the equilibrium temperature, for example at 30 mg/Nm3 hydrocarbon
liquid drop out.

Therefore, it is necessary to realize beforehand what an automatic dew point monitor is actually determining:

ce

fninl\ll not _the true fhnrmndynamir\ dew Inninf’ but _a temperature Pnrrnermnrling to_a Ir\n:w'ietermined

thr,
ma

As
drg
val
po
thg
ce

bshold value of the detector signal. This threshold value is determined by doing a “calibration
nual mirror or a dew-point calculation, often by using a multi-component gas mixture.

stated before, existing dew-point analysers measure the “dew point” temperature @t_hydroca
p out values varying between 20 mg/Nm3 to 70 mg/Nm3. A reduction of this amount results in
ues closer to the “true” hydrocarbon dew point. Ideally, the dew-point analyser. should determ
nt temperature corresponding to approximately 5 mg/Nm?3 hydrocarbon liquid.drop out, this bein
t can be determined accurately by ISO 6570 equipment. Then, the pipeline_operator or end u
tain that no significant amounts of liquid are formed upon pressure feduction. Depending d

composition, the difference in temperature corresponding to, respectively,230 mg/Nm3 and < 5 mg/N

les|
ag

Th
prd
co
me

s than 0,5 °C; however, it also can be more than 3 °C. Therefore, it is better to adjust the thre
hinst traceable hydrocarbon liquid drop out measurements than by the methods used nowadays.

against a

rbon liquid
measured
ne a dew-
y the value
ser can be
n the gas
m3 can be
shold level

b cooling rate of the mirror of a dew-point analyser appears.as”another important parameter to
per dew-point measurement. Measurement of the dew paiht occurs in a small cell with the bott

verify for a
m surface

ntaining the mirror assembly. Only this mirror assembly‘is’cooled, resulting in temperature gradients in the
asurement cell and in the gas inside the cell. Theoreti€ally, the cooling rate of the mirror surfacg should be

sufficiently slow that the gas temperature is always in equilibrium with the mirror temperature and that there is

e
mu

>

liquids drop-out onto the mirror. Also, the temperature sensor, which is mounted somewhere inside

red
ten

Fo
thr|
me
thg
me

So

ch more rapid. A high cooling rate results in.a‘lag in the decrease in gas temperature and the hy

ords a temperature lower than the.actual surface temperature of the mirror. Both effect
hperature readings lower than the real'dew-point temperature.

[ those analysers that operate with a continuous gas flow during the complete measurement cyc

asurement cell influences-the temperature of the gas in the vicinity of the mirror and, therefore,
measured dew point.-In;general, the dew point decreases when the gas is allowed to flow {

asurement cell during.the cooling down of the mirror.

e general requirements for dew point analysers are

digital outputs of date/time, dew-point temperature and pressure;

the possibility of changing the detection point criteria;

bugh time for the hydrocarbon liquids to drop out-on the mirror surface. In practice, the cooling rate is often

drocarbon
the mirror,
5 result in

e, the flow

bugh the measurement celllis* an important parameter. The continuous flow of warm gas through the

influences
hrough the

L L 1l L - 41 L L1 L 4L 4 Li L ' L 41
S>WUINaytc Ul U1 TTarges 1T uic 1medasureITierit Tretiou, SU UTdl ditelh d PUWET STTUT=UOWTT, UTe Pro
is still available.

6.2 Precision

er method

In order to obtain a proper calibration of the dew-point analyser by applying hydrocarbon liquid drop out
measurements, the repeatability of the hydrocarbon analyser should be within 1°C (20 value). The
reproducibility can be determined at a constant gas composition, or during a period of time when hydrocarbon
liquid drop out measurements give nearly constant values. If the gas quality is constantly changing, a plot of
hydrocarbon liquid drop out versus dew point also gives a good indication of the reproducibility of the dew-
point analyser; see Figure 4 [5].
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Key

X  condempsate concentration, expressed in milligrams per normal cubic metre
Y dew pgint, expressed in degrees Celsius

Figure 4 — Relation between hydrocarbon dew point and hydrocarbon liquid drop out,
showing the variation in dew point at fixed PHLC values: 201,cpp ~ 0,3 °C

7 Requirements/Points of interest to carry out a calibration

7.1 Profess gas

For the purpose of this Technical Report, process gas is free of condensable substances, like glycol, water,
compressgr oil.

NOTE It is necessary to prevent the occurrence of mist flow in the sampling system.

During thg -Calibration, there should be no very large variation in gas quality (e.g. from Wohbe
Index 45 M.I/Nm 3 to Waobbe Index 55 MJ/Nm 3) Normal variations in gas quality are no problem and even
calibrations at gathering pipelines from offshore fields should give no problems. Normally occurring dew-point
variations of 10 °C to 15 °C should also give no problems during calibration.

7.2 Sampling system

The sample system should be designed as described in ISO 10715 (see also 5.2.2). The following points shall
be considered.

— Changes in the gas composition caused by the sampling system shall be avoided. Therefore, the gas

sampling system shall be designed with a minimum number of components and the analyser shall be
positioned near the sampling point.

8 © 1SO 2009 — All rights reserved
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If the presence of traces of liquid in the natural gas cannot be excluded completely, a sampling probe with
a sintered stainless steel particulate filter is advised.

If liquid is present in the natural gas, appropriate filtering at the sampling probe itself or immediately
downstream of the probe (e.g. with a membrane filter) is advised to prevent any intrusion of traces of
liquids and to maintain the integrity of the sampling system and the analyser. A check shall be made that
the filter does not cause changes in gas composition that result in deviations in the measured
hydrocarbon dew point.

NOTE Entrained liquids in the form of mist or small droplets present in the gas stream are sometimes

ancountered rhrt:r\ﬂy downstream of a gqe_r\nnr'hhnnmg plqnf Linder these mrmlmefqnm:e’ it can bhe nece. ssary to use

7.3
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a sampling probe with a membrane filter to safeguard the sampling system from being flooded with ligUids. However,
it is essential to check the sampling system for undesired changes in the gas composition, as thiscan o¢cur using a
membrane filter.

By applying a by-pass flow (fast loop), changes in the gas composition due to intefaction with the filter
material shall be minimized.

The sampling line from probe to the analyser cabinet shall be heat traced4o‘prevent any condg¢nsation in
the sampling line.

The body of the pressure regulator shall be heated up to prevent éondensation of liquids from the natural
gas upon pressure reduction. A temperature of approximately 60 °C generally fulfils this reguirement.
Variation in pressure shall be within £ 0,01 MPa 0,1 bar).

The temperature of the analyser cabinet should be maintained at a level such that no condensation
occurs in the sampling lines in the cabinet. A temperattre of 30 °C generally fulfils this requirement.

It is advised to mount a sun screen above the analyser in case it is expected that exposure to direct
sunshine can cause excessively high temperatures in the analyser cabinet.

b Selection of the PHLC reference«value

e PHLC reference value is an important parameter on which it is necessary to agree before|the actual
bration of an automatic hydrocarben-dew-point chilled-mirror instrument can be carried out. Ap stated in
introduction of this Technicah Report, the detection limit of the automatic weighing method stated in
D 6570 is 5 mg/Nm3, whereas the amount of liquid which it is necessary to condense onto a mirfor surface
egister a hydrocarbon dew point is approximately 5 mg/Nm3 to 70 mg/Nm3.

pending on the sensitivity of the chilled-mirror detector system, it is possible to carry out a calibrgtion at an
itrary level startingyat 5 mg/Nm?3 and upwards. Since the setting of the PHLC reference value gletermines
measuring behaviour of the hydrocarbon-dew-point chilled-mirror instrument, it is important to specify the
LC referenge value for use during the calibration procedure and to clearly report the PHLC refergnce value
the calibration report.

hough(it is possible to choose an arbitrary level for the PHLC reference value, it is advised o limit the
bice)for the PHLC reference value to the following three levels:

5 mg/Nm3, being the most sensitive value, corresponding to the highest value for the hydrocarbon dew
point; using this PHLC reference value, the measured values of the calibrated chilled-mirror instrument fit
perfectly to the regular contract specifications based on potential hydrocarbon liquid content.

70 mg/Nm3, being the least sensitive value, corresponding to the lowest value for the hydrocarbon dew
point; using this PHLC reference value, the measured values of the calibrated chilled-mirror instrument
correspond to the measuring behaviour of a manual chilled mirror.

30 mg/Nm3, being a value intermediate between the aforementioned minimum and maximum values; in
general, it has been shown that automatic chilled-mirror instruments are capable of operating reliably and
with low measurement uncertainty at a level of 30 mg/Nm3 to 40 mg/Nm3.

© 1SO 2009 — All rights reserved 9
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7.4 Compositional range of gases covered by the calibration procedure

The thermal and mass transfer processes that take place during the cooling of the mirror surface are of a
complex nature and not completely understood. Current experience with the proposed calibration procedure
indicates that the results of a calibration are valid for a wider range of natural gas compositions insofar as the
gases show similar condensation behaviour. In the study carried out under the auspices of the National
Physical Laboratory [2], synthetic mixtures of natural gas are categorized into three classes:

— “mid” condensation rate: selected to be representative of the gases found in most UK gas fields; for these
gases, a decrease in temperature of 1 °C results in an increase in the hydrocarbon liquids formation

ranging-from-approximately100-mgiNm3 to-300-mgiNm3;

— “high”’|condensation rate for these gases, a decrease in temperature of 1 °C results in an increase-in the
hydrogarbon liquids formation ranging from 300 mg/Nm 3 and onwards. In the aforementioned study,|an
example of a gas is presented in which a decrease of only 0,25 °C results in an increase in fhe
hydrogarbon liquid drop out of 250 mg/Nm?3;

— “low” gondensation rate; for these gases, a decrease in temperature of 1 °C results’in an increase in the
hydrogarbon liquids formation of only less than 100 mg/Nm3. In the aforementioned study, an examplg of
a gaslis presented in which a decrease of 5 °C results in an increase in the hydrocarbon liquid drop oup of
only 25 mg/Nm3;

There are|indications that the aforementioned classification can be appropriate to classify the natural gases
with respeict to calibration of hydrocarbon-dew-point chilled-mirror instruments. However, it is necessary| to
gain more [experience to confirm this assumption.
CAUTION(|— No general advice can be given on the validity of the calibration for a given compositiopal

range of gases. Therefore, it is necessary initially to carry~out multiple calibrations with varying gas
compositions to assess the validity of a calibration.

7.5 Calibration interval

It is difficult to make a general remark on the validity of a calibration in time. The validity depends heavily|on
various circumstances, such as the following;

— stabilify of the mechanical and electrical boards in the chilled mirror instrument itself;

— presefce of impurities, like _solids, glycol etc, in the gas to be sampled and the effectiveness of the
sampling system to cope with_such impurities;

— significant changes in“the gas composition resulting in a shift in the condensation behaviour of the gas
sampled as can occCurin gathering pipeline systems in which gas wells are taken out or in production.

Existing experience show that for a relatively clean gas with a stable gas composition, a calibration can|be
valid for a periodof at least a year.

CAUTIONL—<No general advice can be given on the calibration interval. Therefore, it is necessary
initially to carry out calibrations at regular intervals to assess the validity of a calibration in time.

8 Execution of calibration procedure

8.1 General

During the calibration of a dew-point analyser in accordance with 1ISO 6570, it is preferable that both
measurement systems be connected to the same sampling probe.

10 © IS0 2009 — All rights reserved
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It is preferable that the calibration be performed with the natural gas that is monitored later on by the
hydrocarbon-dew-point analyser.

The complete sampling and conditioning system of the dew-point analyser shall be used during the calibration.

At start-up, the time-stamps of both analyser systems should be checked and, when necessary, synchronized.

Calibrating a hydrocarbon-dew-point analyser requires that the following steps be carried out subsequently.

Monitor the hydrocarbon dew point for 3 days to 5 days with the factory settings.

f)

)]

h)

8.2

Mgthod A,is carried out as follows (see example in Clause C.3).

Monitor the minimum and maximum dew-point temperatures during this period of time.

The hydrocarbon liquid drop out measurements in accordance with ISO 6570 shall be done 1} a cooling
n

bath temperature, which is at least 2 °C above the lowest dew-point temperature recorded a
difference between the minimum and maximum temperature is quite large, the eooling bath tg
shall be about 3 °C to 4 °C lower than the maximum dew point previously re¢orded, in order
the formation of excessive amounts of hydrocarbon liquids.

Record the hydrocarbon dew point and the hydrocarbon liquid drop{out simultaneously for
5 days.

Observe whether hydrocarbon liquid drop out values in the rahgé between 0 mg/Nm3 and 10
are obtained.

If the values are between 0 mg/Nm3 and 10 mg/Nm3, then the cooling bath temperature shq
2 °C to 3 °C lower. If the values are, for example, between 40 mg/Nm3 and 160 mg/Nm3, the ¢
temperature should be set 2 °C to 3 °C higher. Subsequently, it is necessary to repeat step d).

Make a graph of liquid drop-out (X-axis) versus 'dew point. Say the cooling bath temperature is
graph shows that liquid drop-out values\of 5mg/Nm3 to 10 mg/Nm3 correspond with
temperatures in the vicinity of 7 °C.

Often, the dew points corresponding-with 5 mg/Nm3 to 10 mg/Nm3 liquid drop out are 1 °C to
than the cooling bath temperature; T, using the factory settings for the dew-point analyser. The
methods to improve the agteement between dew point and liquid drop-out: method A (ses
method B (see 8.3).

Modify the dew-point™reading of the hydrocarbon-dew-point analyser using method A or met

then carry out measurements for another 3 days to 5 days to check whether the relationship b
dew point and the)liquid drop-out has improved.

Method A'— Change in trip point value

when the
mperature
to prevent

3 days to

0 mg/Nm 3

uld be set
boling bath

T°C. The
dew point

4 °C lower
re are two
e 8.2) and

hod B and
ptween the

Determine the shift in dew point, so that the new dew point corresponds with a liquid dropout of

5 mg/Nm3

to 10 mg/Nm?3 at a cooling bath temperature that equals the new dew point value.

Use a cooling curve (graph of detector signal versus mirror temperature) to determine th
detector signal for the improved dew-point detection (the new trip point value).

Store this new threshold value in the dew-point analyser and check whether the analyser gi
dew point readings.

Record dew point and PHLC values for some days and examine the improved relationship.

© 1SO 2009 — All rights reserved
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8.3 Method B — Direct change of dew point value
Method B is carried out as follows (see example in Clause C.4).

a) Determine the shift in dew point, ATy,, so that the new dew point corresponds to a liquid dropout of
5 mg/Nm3 to 10 mg/Nm?3 at a cooling bath temperature that equals the new dew-point value.

b) Recalculate the hydrocarbon dew point: 7;,sHcpp = ToigHcDP + ATgp:

c) Record dew point and PHLC-values for some days and examine the improved relationship.

8.4 WhJch method should be used?

Method A ghould, in general, be applied. It is the correct method from a physical point of view. The-application
of a lower fhreshold value means that less liquid is formed on the mirror.

If a shift in| hydrocarbon dew point of more than 3 °C is required with respect to the factory settings, method B
is advised| A large shift in dew-point results requires quite a low threshold value. In Annex C, it is shown that,
for lower threshold levels, the variation in dew point increases rapidly up to severaldegrees Celsius, makjing
method A |ess suitable.

12 © IS0 2009 — All rights reserved
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Annex A
(informative)

Condensation behaviour of natural gas

ring storage, transportation and processing, natural gas can form small amounts of diquid

blems in the operating facilities. The temperature and pressure at which the condensation occur
ve that forms a so-called phase envelope (the outermost right curve or dew point‘curve in H
hin the phase envelope, hydrocarbon liquids are formed to the left of the dew pointieurve. The fu
phase envelope, the more hydrocarbon liquids are formed. The maximum temperature for any {
ch hydrocarbon liquids can be formed is called the cricondentherm.

nts were the pressure falls below 4 MPa (40 bar), for example, as a result of a pressure d
hsportation or at control stations and city gate stations at which/pressure reduction takes place

po

concerned about hydrocarbon liquid drop out during pressure feduction, because severe damage
path components can occur if hydrocarbon liquids enter a gas-turbine. Measuring techniques that

de
an

defection of the first droplets of liquid on a mirror at a, certain temperature (hydrocarbon-dew-point n

A.

Th
for|
thg
ca
ac
co
po
cal

hydrocarbon number required, grouping of hydrocarbon isomers, optimal equation of state) ang

ou

ential risk for liquid formation. Also, end-users receiving high=pressure gas for their gas tu

ect the ability of the gas to form liquid at excessively high'temperatures are either based on the d
amount of liquid at a specified temperature and. pressure (gravimetric methods) or are bas

2 Measurement techniques

boretically, the hydrocarbon dew point is the temperature at which the first small droplets of
med at a fixed pressure. In practice; all dew-point-measurement methods are based on the obs
formation of a film of hydrocathon liquids on the surface of an illuminated, cooled mirror. The g
 be done visually (manual @mirror) or by an electronic sensor (automatic chilled mirror). The coo
nieved in two ways: expansion of natural gas, compressed air or carbon dioxide or by applyin
bling device. Either manual or automatic chilled mirrors can be applied to measure the hydroc
nt of natural gas. ‘An alternative method for the determination of the hydrocarbon dew p
culation from a(detailed gas composition. This method is based on several assumption

come is adjusted against a manual or automatic chilled mirror. The advantages and disadvantg

ap
hy
or
m

po

blied methods are summarized in Table A.1. It is not possible to calibrate commercially
rocarbon-dew-point analysers in a traceable way, because no hydrocarbon-dew-point refereng
reference instrument is available. Because of differences in working principles, analysers fro
nUfacturers can give different values for the hydrocarbon dew point for a given gas. In practic

when the

ssure decreases. This phenomenon is called retrograde condensation and can sometimgs lead to

s follows a
igure A.1).
rther left in
ressure at

s transport companies want to prevent formation of hydrocarbon liqtids in their gas grid. Pafticularly at

rop during
there is a
rbines are
0 hot-gas-
are able to
etection of
ed on the
eters).

liquid are
ervation of
bservation
ing can be
g a Peltier
arbon dew
bint is the
s (highest
often the
ges of the

available
e material
m different
e, the dew

ual chilled

mirror, or “tuned” to the value calculated from the known gas composition using a thermodynamic model.
Moreover, as a result of the working principle of the instruments, there are two major sources that can be
responsible for significant systematic errors in the measured hydrocarbon dew point, and for which it is not
possible to adjust because no proper calibration method exists. These two sources are

a)

b)

the often significant amount of liquid that it is necessary to form before the instrument is able to detect the

dew point temperature;

the cooling rate, which is often too fast to ensure that the temperature measured by a temperat
somewhere in the mirror equals the temperature of the mirror surface and the temperature of
the measuring cell.
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Figure A.1 — Example of phase envelopes for natural gas

at various concentrations of hydrocarbon liquids
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Table A.1 — Advantages and disadvantages of the different measuring methods

Method

Advantages

Drawbacks

Manual weighing method (method A)
in accordance with ISO 6570:2001

Traceable method

Accurate results

Time consuming
Requires stable gas composition

PHLC value only at a single
combination of pressure and
temperature, not necessarily the
conditions at the cricondentherm

ndirect automatic weighing method
(method B) in accordance with
1ISO 6570:2001

On-line method
Calibration possible

Traceable method

Expensive measurenhent

PHLC value only-atia single
combination of pressure and
temperature, fot-necessarily the
conditions,at.the cricond¢ntherm

Manual chilled mirror

Ease of operation
Low capital costs
Portability

Requires a skilled opgrator
Off-line method

Difficult to achieve the necgssary low
cooling rate to obtain a porrect
measurement value

Dew point only at a single pfessure not
necessarily the pressurg¢ at the
cricondentherm

No traceable calibration po$sible and,
therefore, the possibility of introducing
systematic errorg

Automatic chilled mirror

On-line method

Commianly encountered in daily field
operations

Dew point only at a single pfessure not
necessarily the pressurg¢ at the
cricondentherm

No traceable calibration po$sible and,
therefore, the possibility of introducing
systematic errorg

Calculation from, a detailed gas
analysis and.an equation of state

Dew-point calculations over the full
range of pressures

Calculation of the PHLC values over
the full range of pressures and
temperatures

Frequent calibration of the gas
chromatographic equipment

Skilled operators
High capital costg

Sensitive to minor contaminants
in the gas

Interoperability is difficult tp achieve
due to different types of GG columns,
analysing methods, calibration gases
applied, different choices in|equations

of state, the method used o assign

thermodynamic properties to gas
analysis data, etc.
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Annex B
(informative)

Example of a hydrocarbon-dew-point analysis

B.1 Measurement principle
In Figure B.1 is shown the increase in detector signal that is due to an increase of condensation of-higher
hydrocarbgns on the mirror surface, whilst the mirror is being cooled down. At the start of a measurement, the
mirror temperature is 50 °C. At a specified detector signal (often called threshold value or trip-paintvalue), the
analyser optputs the corresponding mirror temperature as the hydrocarbon-dew-point temperature.
In Figure B.1 are shown four consecutive measurements. All four measurements give the_ same hydrocarkon
dew point [of —-8,7 °C. Two features show up in Figure B.1. The first feature is that large variations in mifror
temperatufe occur for a given detector signal below 150 mV. So, if the trip-point value is below 200 mV, the
variation inj dew point increases rapidly. The second feature is that above 175 m\4-all curves run parallel.
Y A

300

P50 \

200

1 2 4- 3
150 " :
100
50
0 ' >
-10 0 50 X

Key
1 measurement cycle 1
2  measurement cycle 2
3  measurement cycle 3
4  measurement cycle 4

x

mirror temperature, expressed in degrees Celsius
Y detector signal, expressed in millivolts

Figure B.1 — Increase in detector signal due to condensation on cooling the mirror
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B.2 Dew point calibration in accordance with method A

Often the hydrocarbon dew point recorded by an automatic hydrocarbon-dew-point analyser is too low,
because quite some liquid formation occurs at the factory trip-point setting. Higher dew points can be obtained
by lowering the threshold value of the detector signal. This is shown graphically in Figure B.2. Upon lowering
the trip point from TP, to TP,, the recorded hydrocarbon dew point temperature changes from Ty up to T5.
When the required increase in hydrocarbon dew point has been determined by using a plot of dew point
versus PHLC-values, then the decrease in trip point can be obtained quite easily from a graph such as that
presented in Figure B.2.

AV4
1

300

TP,

200

TP,

100

T Ty

Xy

Key

X | mirror temperature, expressed.in‘degrees Celsius
Y | detector signal, expressed in millivolts

FigureB,2 — Graphical representation of how the dew point can be increased
by lowering the trip point value.
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B.3 Dew point calibration according to method B

It was already shown that the random error in dew point increases upon lowering the threshold value. For
some gases, the dew-point temperature requires an increase of 3°C to 4 °C in order to get a good
relationship between the dew point and the hydrocarbon liquid drop out. For a gas having cooling curves such
as those presented in Figure B.1, this means that it is necessary for the trip point to decrease to about 125 mV,
a value at which quite large variations in dew point occur.

Figure B.3 shows that the cooling curves have approximately the same slope above a detector signal of
150 mV. An upward shift in the dew point of 3,5 °C appears to correspond with a cooling curve that shows a

” I h:&l- +lo P oY £ o L oM Tl thaot 1 . IH HZC P-4 i 1 H
para e S i uaric Tiyrtur v,J . TTHo TTTTdTTo UTdl do 1TUITYy do UTC CUUTITTY LUrve miidirdiiio Uit odarlic olupyT, it IS

allowed just to add 3,5 °C to the measured dew point in order to obtain the correct dew point.

Y A
300

/—#—-

200

50

00

50

Key

Day A} Measurement cycle™
Day A|- Measurement €ycle 2
Day B |- Measurement.cycle 1
Day B}|- Measurement cycle 2

a b~ WO N -

Day B |- Measurement cycle 3

x

mirror kemperature, expressed in degrees Celsius

<

detector signal, expressed in millivolts

Figure B.3 — Cooling curves obtained at different days at the same sample point

18 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=b39634ba790742b1107a226c351cc08f

ISO/TR 12148:2009(E)

Annex C
(informative)

Examples of a calibration

C.1 Set-up
In |the past, Gasunie Engineering & Technology carried out tests with different hydrocarbon| dew-point
anglysers and compared the outcome with hydrocarbon liquid drop out measurements.| ,The pgreement

befween hydrocarbon dew point and hydrocarbon liquid drop out was still not satisfactory,

Mighell Instrument Ltd. offered a possibility to test their newly developed Condumax 112) hydrocarbon dew

point analyser. The Condumax Il was installed in a GACOM unit (a mobile unit fonautomatic measu

PH
Sa

adsorbed or running along the pipe wall. Gas at line pressure 5 MPa to 7.MPa (50 bar to 70 bar) flo
a traced, stainless-steel, < 10 m tube to the GACOM unit. In the GACOM unit itself, the tubing is tra
Before the gas enters the Condumax I, it passes a coalescing filter and a traced pressure regulat

fix
ad]

C.2 Measurements with L-gas

The first results obtained with L-gas (low calorific.¥alue) are shown in Figure C.1.

rements of

LC values) of Gas Transport Services. The GACOM is continuously confiected to a high-pregsure gas-

pling probe, which takes sample gas from the middle of the pipeline, thus 'avoiding interferencq

by liquids

s through
ced as well.
br, set at a

d pressure between 2,7 MPa and 3 MPa (27 bar and 30 bar):yThe gas flow through the Congumax Il is

usted with a needle valve to approximately 30 I(normal)/hr.

2)

Condumax Il is an example of a suitable product available commercially. This information is given for the convenience
of users of ISO 12148 and does not constitute an endorsement by ISO of this product.
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19


https://standardsiso.com/api/?name=b39634ba790742b1107a226c351cc08f

ISO/TR 12148:2009(E)

Y14 T Y2

200

| iy ™

, 31“ Mji [&q m CW Y| |

y 4
4
1
80
-6
40
-8

Key

X day
Y1 dew pgint, expressed in degrees Celsius
Y2 condepsate concentration, milligrams per normal cubic metre

curve ¢f the condensate concentration
2 curve ¢f the dew point
3  tempefature of PHLC measurement

Figure ¢.1 — Dew point and PHLC measurements for L-gas — Gacom at 2,7 MPa (27 bar) and -3 °C
and Condumax Il at 2,7 MPa (27 bar)

The GACOM was operated at2,7 MPa (27 bar) and a temperature of -3 °C. The PHLC value, that is the
amount of|hydrocarbon liquids formed at these conditions, varied between 40 mg/Nm3 and 200 mg/Nm3. The
Condumax Il was operated at exactly the same pressure and with the standard factory settings. The
measured [hydrocarbon,dew point varied between -3 °C and 0 °C. There appears to be a good relationship
between dew point@and PHLC value, an increase in dew point coincidences with an increase in PHLC vajue
and vice Versa. It5s also evident that small changes in dew point correspond to relatively large changeq in
PHLC valye. Fhis is shown more clearly in Figure C.2.
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Key

X | condensate concentration, milligrams per normal cubic metre
Y | dew point, expressed in degrees Celsius

Figure C.2 — Relationship between PHLC value and hydrocarbon dew point for L-gas

It ¢gan be concluded from Figure C.2 that a dew point variation of + 0,5 °C corresponds with a yariation in
PHLC of + 15 mg/Nm3. It can alsa'be seen from Figure C.2 that a measured hydrocarbon dew point value of
-3[°C, which is the bath temperature of the GACOM, corresponds to a PHLC value somewhgre around
40|mg/Nm3. This means that.the Condumax Il is certainly not measuring the “true” hydrocarbon dew point, but
is presenting a “dew point”_temperature at which a certain amount of hydrocarbon liquids have already formed.

To| verify the amoeunt’of hydrocarbon liquids formed on the mirror during stable gas conditiong, the bath
temperature of thevGACOM was adjusted to the dew point measured by the Condumax Il. The fesults are
shown in FEigure C.3. Again, these results confirm that the measured dew point corresponds with
approximately’40 mg/Nm?3 at the same pressure and temperature. It can be concluded from Figufe C.3 that
over a period of more than 12 h the dew point remained at a value of —0,7 °C with a variation withjn £ 0,1 °C
angl thie.PHLC value equal to 40 mg/Nm 3 + 2 mg/Nm 3. These results confirm the stability and smjall random
errprs/in_the measured values of both instruments. The detector signal of the Condumax Il increases with
decreasing mirror temperature due to the formation of additional liquid on the mirror. Figures C.2 and C.3
show that the threshold value of the detector signal corresponds to 40 mg/Nm 3 hydrocarbon liquid drop out. A
reduction of the threshold value results in measured dew points closer to the “true” hydrocarbon dew point of
the gas. Although a value of 5 mg/Nm3 is achievable with the automated 1SO 6570 instrument, a level of
10 mg/Nm?3 was designated for the initial test.
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Figure C.3~Dew point and PHLC-value for L-gas —
GACOM at 2,7 MPa (27 bar) and -0,7 °C and Condumax Il at 2,7 MPa (27 bar)

C.3 Calibration according to method A for a L-gas

From the data points in-Figure C.2, it can be estimated that for a proper relationship between the “dew pojnt”
and the 10 mg/NmS_hydrocarbon liquid drop out, the value of the dew-point measured by the Condumax II
should be| increased by approximately 2 °C for these L-gases. From Figure C.4, this corresponds tg a
reduction in trip-point value from 275 mV down to 165 mV. To verify this adjustment in practice, the threshpld
value was|décreased accordingly and again measurements were carried out with L-gas. The results for the
measured dew points and PHLC values measured at the same pressure and a cooling bath temperature of
—2 °C are shown in Figure C.5.

22 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=b39634ba790742b1107a226c351cc08f

ISO/TR 12148:2009(E)

Y A
300
275

200 \
165 v R

100
\\
\
0
0 1 2 3 4 5 6 7 8 9 10 X
Key
X | mirror temperature, expressed in degrees Celsius

Y | detector signal, expressed in millivolts

reduction in trip point
2 | increase in mirror temperature

Figure C.4 — Determination of new trip point value for a known shift in hydrocarbon dew point
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Figure C.5 — PHLC-value measured at -2 °C and 2,7 MPa (27 bar)
and dew point.measured at the same pressure for L-gas

Because the gas quality frequently- changed during the measurements, both dew point and PHLC varied.
Unfortunately, a dew point of &2°C was rarely recorded. However, it is possible to draw up a graph of the
measured|PHLC values versus the dew-point temperature. This graph is shown in Figure C.6. It can|be
concluded|from Figures C.5 and C.6 that, by changing the threshold value of the detector signal, it is indged
possible tp get an improved relationship between the measured hydrocarbon dew point and a low vajue
(10 mg/Nm 3) for thepotential hydrocarbon liquid content without deterioration of the instrument performange.
It is even gossible-to'get dew-point values corresponding to a 5 mg/Nm3 hydrocarbon liquid drop out. It can|be
seen from|Figuré'C.6 that a hydrocarbon liquid drop out of 5 mg/Nm3at —2 °C corresponds to a dew-pgint
temperatufeZof approximately —3,5 °C. For the dew-point temperature to correspond properly to 5 mg/Nmy, it
is necess Ty to—inerease—the—dew }JU;IIt from —3,5 G o1 to—2-2C- Abbuld;lly to r;ywc C4, this—ean-be

accomplished by decreasing the trip-point value from 165 mV to 125 mV.

Figure C.6 clearly demonstrates that the relationship between dew point and PHLC is non-linear. The slope of
the curve gradually decreases in going from a low to a high PHLC value, meaning that the rate of change in
the dew point is larger when the PHLC ranges from 5 mg/Nm3 to 10 mg/Nm3 than when the PHLC ranges
from 40 mg/Nm3 to 45 mg/Nm3. This behaviour is in agreement with the constant hydrocarbon liquid drop out
curves shown in Figure A.1.
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