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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

establishe
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Introduction

With Resolution 6 at its Prague meeting in 2004, ISO/TC 193/SC 1, Analysis of natural gas, decided to publish
a Technical Report on guidance for various International Standards on hydrocarbon dew point and
hydrocarbon content.

The main purpose of this Technical Report is to explain to the wider gas community the complex issues
behind the natural gas property called hydrocarbon dew point on the application of various)lnternational
Standards on these subjects.
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Scope

s Technical Report describes the various means of estimating hydrocarbon dew point ‘and hy
ntent of natural gas.

Normative references

b following referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For undated references;.\the latest edition of the
cument (including any amendments) applies.

D 6327, Gas analysis — Determination of the water dew point of natural gas — Coole
pdensation hygrometers

D 6570:2001, Natural gas — Determination of potential-hydrocarbon liquid content — Gravimetric
D 6974 (all parts), Natural gas — Determination of composition with defined uncertain
omatography

D 7504:2001, Gas analysis — Vocabulary

D 10715:1997, Natural gas — Sampling guidelines

D 14532:2001, Natural gas &\Vocabulary
chnical Corrigendum:2002

D 23874, Natural gas= Gas chromatographic requirements for hydrocarbon dewpoint calculatior

Background

drocarbon dew point is often a requirement of gas quality specifications in sales contracts wh
Hed “or crosses international borders. It can also be quoted in health and safety legislation. It

Sp

drocarbon

For dated
referenced

bd surface

methods

y by gas

ere gas is
is usually

pcified as a temperature at a defined pressure or over a range of pressures above which no h

drocarbon

condensation will occur. It may alternatively be expressed as a maximum amount of hydrocarbon liquid which
may condense under specific pressure and temperature conditions.

Under certain conditions, higher hydrocarbons present in natural gas or similar gases may condense and the
condensate formed can cause difficulties in the operation of gas transport and distribution systems. Phase
behaviour in hydrocarbon mixtures such as natural gas is highly non-ideal. More ideal behaviour, such as that
of water in air, or, indeed, in natural gas, gives a dew point temperature which continually increases with
pressure. Retrograde behaviour, which affects hydrocarbon mixtures, produces dew point temperatures which
have a maximum value at an intermediate pressure. Figure 1 shows a typical phase diagram.
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Figure 1 — Natural gas phase diagram
the dew line is the phase boundary. To the.right of and above this line only single-phase gas ex

curve of the dew line, both gas and liquid phases are present, in proportions which are governed
herm is the point of maximum dew,point temperature. Above this temperature only single-ph

whatever the pressure. Similarly, at pressures above the cricondenbar, only single phase or de
exists, whatever the temperature.

5 reduced isothermally,) it would remain single phase to about 55 bar, at which point it wo
the phase boundary/and condensate would start to separate. As pressure is further reduc
of its depressSurization. In fact, once condensate has separated, it is unlikely that it will insta
essure «reduction without the addition of heat is isenthalpic rather than isothermal, 4

sothat the cooling curve stays in the single phase region.

ire and temperature. The closer. to,"the line, the smaller is the proportion of liquid. T

sts.
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e gas phase;-and so liquids may continue to be present at lower pressures. Another consideratjon

nd
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4 Why

is hydrocarbon dew point important?

Avoidance of condensate formation is important for pipeline operations. The presence of condensate can
cause problems with filters and with measurement and control instrumentation. There is also an issue with gas

turbines in

power plants — significant damage can be caused by the presence of condensate in the burners.

A measured dew point temperature which is lower than the specification limit should give assurance that
condensation will not occur. For certain needs, such as plant design, or if it is known that a certain amount of
condensable material can remain after treatment, knowledge of the quantity of condensable hydrocarbons
produced at specified conditions is useful. This can be physically measured using ISO 6570.
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Operators require confidence in the measured result. At present, there is little or no information on the
maximum permissible error of measurement, from any type of measurement which is strongly dependent on
the type and nature of the natural gas. The single determined value as measured is accepted as the basis for
decision making. However, for some natural gases, even a small decrease in temperature can result in a large
liquid drop out.

5

What is the definition of hydrocarbon dew point?

The following definitions can be found in various ISO documents, such as in ISO 14532.

Or

2.6.5 Dew points
2.6.5.2 Hydrocarbon dew point

2.6.5.2.1 Hydrocarbon dew point
temperature above which no condensation of hydrocarbons occurs at a specified. pressure

NOTE 1 At a given dew point temperature there is a pressure range within.which retrograde conde
occur.

The cricondentherm defines the maximum temperature at whichthis condensation can occur.

NOTE 2 The dew point line is the locus of points for pressure.and temperature which separates the g
gas from the biphasic gas-liquid region.

2.6.5.2.2 Retrograde condensation
phenomenon associated with the non-ideal behaviour of a hydrocarbon mixture in the critical re

wherein, at constant temperature, the vapour phase in contact with the liquid may be condense
decrease in pressure; or at constant pressureythe vapour is condensed by an increase in temp
NOTE Retrograde condensation of natural gas is the formation of liquid when gas is heated or
reduced.

2.6.5.2.3 Potential hydrocarbon/liquid content (PHLC)
amount of liquid potentially condensable per unit volume of gas at a given temperature and pre

alternatively in ISO 7504

3.5.2 Dew point
at a specified préssure, the temperature at, or below which, condensation from the gas phase W

3.1 Equation of State
mathematical relationship between the state variables (pressure and temperature) of a gas or g
and thewolume occupied by a given amount of substance

3:5.1 Critical point

nsation can

ingle phase
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and liquid phases in equilibrium are identical

NOTE 1  The pressure at this point is known as the “critical pressure” and the temperature as
temperature”.
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6 Specifications

Two exam

ples from legislation and gas trading can be given.

6.1 EASEE-gas European association for the streamlining of energy exchange — Gas

Common business practice 2005-001/01 Harmonisation of natural gas quality 3/2/05. Hydrocarbon dew point
shall be maximum of — 2 °C at 1 bar to 70 bar.

NOTE
such values

EASEE-gas has not observed any technical constraints in conflict with the proposed harmonized values, and

were ndnpmd hy 1/10/068 This same pnhIithd document also made the comment “The need for infrnrlur\ir)g

a harmoniz
6.2 Uni
A guide to
Schedule

Regulation

Hydrocarbon dew point and water dew point shall be at such levels thatcthey do not interfere with

integrity o
that a cong

7 Hydn

7.1 Gern

The defin
technician
point temp
However
because
temperaty

So the me

measurem
and the trd

7.2 Gern

Before any
the flowing

ISO 10715

bd measuring method has been identified”.

ed Kingdom Health and Safety Executive
the Gas Safety (Management) Regulations 1996.
B Content and other characteristics of gas.

8 Part 1 Requirements under normal conditions.

operation of pipes or any appliance [within the meaning of regulation 2(1) of the 1994 Regulatio
umer could reasonably be expected to operate.

ocarbon dew point measurement
eral
tion of the theoretical hydrocarbon dew paint alone is not well understood by measurem

5/scientists/engineers or those who draft.sales gas contracts. At the most pedantic level, the d
erature is the minimum value at which no.condensate is present, but only homogeneous gas pha
his cannot and will never be physically measured as the first molecule will not be detec
the available methods are not) sensitive enough (theoretical hydrocarbon dew po
re).
thod of determination of hydrocarbon dew point is critical, as each approach is based on differ

e value cannot be achieved.

eral sampling

instrument'or method can be deployed, a sample of the gas to be measured, has to be taken fr
gas inthe’pipeline and transferred unaltered to the measuring device.

states:

the
ns]

ent
ew
Se.
ed
int

ent

ent principles, the hydrocarbon dew point can only be estimated with an associated uncertainty,

3 P
31 S

rinciples of sampling

ampling methods

The main function of sampling is to take an adequate sample that is representative of the gas by direct
sampling such that the sample is drawn from a stream and directly transferred to the analytical method.
Care should be exercised to transfer a representative sample flowing in the pipeline unaltered and in a
homogeneous single gas phase state to the analytical method. In general, turbulent flow is advantageous
in a sampling system and in a gas line to be sampled because turbulence creates a well-mixed gas.
Great care and consideration should be given for a gas near the dew point, as a reduction in line
temperature will cause some condensation to occur, as will rapid reduction of pressure isothermally
(adiabatic expansion causing cooling) resulting in two-phase sample gas flow.
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7.3 Hydrocarbon dew point determination/estimation/monitoring

There are two principal methods: direct determination by physical observation of liquid condensation and
calculation from detailed analysis. A third method measuring a similar/related property of potential
hydrocarbon liquid formation (gravimetric method) is also discussed.

The first technique and apparatus for determining the dew point of gases under pressure was published by
Deaton and Frostl!l. This manual method was widely adopted as it was the only method available and by
default has become the de facto standard. However, there is currently no published ISO method with any
performance characteristics. There is a method describing how manual cold mirrors operate in the 1ISO
standard for water dew point. See ISO 6327. That International Standard also describes the procedures
negessary for precautions against hydrocarbon or other liquid formation on the mirror prior to the |water dew
point determination (see Annex A for further information).

Similarly, the method for calculation from detailed analysis by gas chromatography is describéd in ISO 23874.
That International Standard only deals with the chromatographic requirements and not'Wwith equatipn of state
numerical methods. For the benefit of the user this draft is given in Annex B.

There is a published standard for potential hydrocarbon liquid content: 1S@-6570. Explanatipn on the
essgentials is given in Annex C.

The real requirement is for an on-line automated method for the determination of the physical gas property of
hydirocarbon dew point. The potential hydrocarbon liquid content method does not readily lend itself to
aufomation.

7.4 Physical methods

7.1.1 General

Natural gas is passed through a cell at a defined pressure — typically in the range 25 bar to 35 bgr. The cell
contains a reflecting surface on to which light is.directed and which can be observed. The surfac¢ is cooled
and its temperature at the first appearance of liquid is recorded. This is regarded as the dew point tgmperature
at fhe pressure of measurement. The operation can be controlled manually, in which case the appgarance of
liquid on the surface is usually detected byteye, or automatically, in which case the detection is by means of a
pheotocell.

7.4.2 Physical methods — Advantages
—| Condensation of liquid is_¢learly demonstrated.
—1| Itis the de facto stahdard method, and experienced operators can achieve good agreement when using it.

—| The manual-equipment is portable, so sampling should not be a problem. The cooling can He done by
expansion-of.carbon dioxide or air, avoiding the need for electrical power. Of the physical methpds, it may
be assimed that dew point temperature is a more rigorous specification than quantity of dondensate
(PHCL)> Tt assumes, after all, “zero” condensate at the specified temperature rather than “not more than a
defined amount”.

b et 4 i : 4 £ 4 £t : bk H o | P 1 4
— IS aUtUITTIaus TYUTPITTICTIU CUTTTUTTTIS U SAITly TCTUUITTTIITTIS TUT TS taliatiulT UTT PTULESS PidTit.

7.4.3 Physical methods — Disadvantages

— A small power source is needed to illuminate the cooled surface with the manual equipment, but it is
regularly used under a permit to work scheme.

— A defined amount of liquid needs to condense before it becomes visible. This will occur at a temperature
below the theoretical dew point temperature (the first molecule) and the extent of the difference varies
between gases from different sources. The effect may be significant. The rate at which liquid condensate
forms as a function of the temperature below the theoretical dew point depends upon the composition of
the gas. Figures 2 to 4 show the dew lines and iso-vapour fraction lines for three gases. The iso-vapour
fraction lines correspond to condensate quantities of 50 mg/m3, 100 mg/m?3 and 200 mg/m3 in each case.

© 1SO 2007 — All rights reserved 5
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Figure 2 — Gas 1 condensation behaviour
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Figure 3 — Gas 2 condensation behaviour
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Figure 4 — Gas 3 condensation behaviour
Gds 1 generates condensate at a rapid rate below:-ihe dew point temperature: 50 mg/m3 is found at a
temperature of 0,2 °C below the dew point. Gas 25which has a higher dew point value, is also feasonably
prgmpt, at 0,6 °C; 50 mg/m3 is a reasonable estimate of the amount of condensate necessary to form a visible
deposit on a cold mirror. The quantity will vary, with cell design. Gas 3 is exceptional, generating 50 mg/m? at
7.4 °C below the dew point temperature.
The behaviour of gas 3 is unusual, but)it is a genuine natural gas, accepted into the transmission| system. It
mgy be that the increasing use of ‘a larger number of smaller supplies will lead to more such gases being
delivered.
The point of maximum dew”point temperature (the cricondentherm) is found at different prespures with
different gases. Physical ' dew point measurement occurs at a selected pressure (default in Europe fis 27,6 bar
galige or 400 psi). This.default pressure may not reflect the actual cricondentherm as gas composition varies.
It i$ not practicableto’make a series of measurements at different pressures, and so significant bigs may be
prasent. Figure©-shows dew lines for gases 2 and 3, as above, and also for gas 4, compared tp a typical
mdasurement pressure of 28 bar. The cricondentherm for gas 2 is at around 30 bar, and so the| difference
ich means
ntherm for

gas 4 occurs at about 47 bar, which means that the measured value would be 2,4 °C below the maximum.
These calculations assume that the theoretical dew point is instantly recognized; in fact, as we have seen
from Figure 4, gas 3 will be subject to a larger error due to its slow rate of condensate generation. Figure 5
also shows that choice of a measurement pressure more suited to gas 3 or gas 4 would produce larger errors

for

the others.

It is possible (but relatively unlikely) that the condensed phase may be water or other liquid (glycols, methanol,
etc.) rather than hydrocarbons. While experienced manual cold mirror operators claim they can identify the
type of condensate, inexperienced operators may incorrectly identify other liquids as hydrocarbons.

© 1SO 2007 — All rights reserved
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Figure 5 — Effect of measurement.pressure

7.5 Andlysis and calculation

ed
is

tit

7.51 Gehperal

Equation gf state software can calculate phase properties, including hydrocarbon dew point, from a detai
analysis. Tlhe analysis usually requires equipment and conditions that are laboratory-based, although ther
increasing|interest and an increasing use of on-line process analysers to perform the task. The analysis must
be detailefl, measuring major componehts ‘and also, importantly, trace quantities of higher hydrocarbopns.
Simplificatjons such as measuring allCg-and higher hydrocarbons as a single “pseudo-component”, which is
satisfactory for calorific value deterfnifiation, are not acceptable. It is not possible to use a single analytical
system, a$ is the case for calorific-value applications; the detail required for higher hydrocarbons needs$ a
different apalytical system from-that used for major components. It is possible to use a single instrument, b

needs to c

The appro
separately

752 La

bntain different analytical sub-systems.

aches taken-for laboratory and process use are sufficiently different such that they are conside

boratory analysis

7.5.21

General

red

The sample must come to the analyser. The gas may be analysed directly, in which case the combination of
sample size and column dimensions must be well adapted to allow the increasingly small quantities of
increasingly higher-boiling hydrocarbons to be measured with sufficient precision. Alternatively, the higher
hydrocarbons can be pre-concentrated in an adsorption tube and/or cold trap to allow larger quantities to be
analysed. Lower boiling components are not amenable to pre-concentration and so the method must be well

defined to

ensure that the intended components are quantitatively pre-concentrated.
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7.5.2.2 Laboratory analysis — Advantages

Gas chromatography using capillary columns, temperature programming and a flame ionization detector
(FID) is well established for the range of components, and has sufficient sensitivity to be applied to sub-

parts per million levels.

Pre-concentration techniques allow measurement of parts per billion levels.

From a comprehensive analysis, equation of state software allows multiple calculations. The dew point at
a selected pressure, or a range of dew points, or just the cricondentherm can be calculated as required.

7.9.2.3 Laboratory analysis — Disadvantages

A:tcl 1 |at;vc=y, It ;b pUbb;b:C tU ua:uu:atc thc altrtour It Uf CUI IdCI Ibdtc dt }Jdrﬁbu:dl CUI Id;t;ul 1S5 ;II thU
region, and the properties and composition of the condensate and of the gas with which it isiin
can be found.

The quality of the result is totally reliant on the quality of the sample. Great care*must be taker
that the sample is representative, with no components lost in whole or in part; and no cross-cor
from previous use.

Quantitative data is usually calculated using the assumption¢that the FID is a carbo
Components are then quantified relative to a component, such @s butane or pentane, which
measured as part of a major component analysis. This assutiption may not be true, depend
operating parameters of the analyser, and should be checked. Certified gas mixtures contair
components of interest are not widely available (although that is improving) and expensive.

two-phase
pquilibrium

to ensure
tamination

N counter.
has been
ing on the
ing typical

There are clear differences in the result when using’the same analytical data with different equations of

state. Figure 6 shows the differences for gases 2;.3 and 4 when using the same analytical da
Redlich-Kwong-Soave (RKS) and the Peng-Robinson (PR) equations of state. For results to be
the same equation must be used. There is\little information as to which equation should be
Current work in ISO/TC 193 should improve knowledge in this area as will the GERG studies.

As with any laboratory measurement, there is an inevitable delay between sampling and reporti

Y A
80 |
60
1
40 —_ 2

20

ta with the
compared,
preferred.

ng.

temperature in degrees centigrade
pressure in bar

RKS
PR

Figure 6 — Different equations of state
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7.5.3 Process analysis

7.5.3.1  Process analysis — Advantages

— With a properly designed sampling system, the analyser will be presented with a representative sample,
in the same way that physical dew point methods are.

— There is little delay between sampling and reporting.

— An analyser set up for dew point determination will also be capable of providing data for other physical
propefties, such as caloritic value, density, WWobbe index and compression factor.

7.5.3.2 [Process analysis — Disadvantages

174

— Tempgprature programming is not available on process analysers. Some manufacturers offer’FID modgls,
and cppillary columns can be used perfectly well. However, with isothermal analysis. it\is impossiblg to
achieye the same performance as that of a laboratory analyser. This might be solved by breaking dgwn
the sgparation of, say, Cg to C,, hydrocarbons into simpler groups rather than trying*to tackle it in a single
operation.

— In the| absence of an FID, the problem becomes greater. The ubiquitous,_thermal conductivity detegtor
(TCD]) can be used with capillary columns, but it cannot match the range and sensitivity of the FID.

— The domments on quantitative data given in laboratory analyser/disadvantages are equally true for a
process analyser using an FID. There is less available information about hydrocarbon responses from a
TCD 4nd so the need for certified mixtures to check performance is all the greater.

— The dhoice of equation of state for calculation is equally important as when using laboratory-baged
analyges.

7.6 Comparative studies

A number|of comparative studies have been)conducted between manual cold mirror and automated dew
scope, and between both laboratory and site automated chromatographic approaches with dew scgpe
methods. Al of these studies show that.the trend monitoring closely follow each other but do not always dive
exactly thd same mean value. Some studies were not so well conceived, or conducted in a controlled manrjer,
and are therefore not so helpful. However, two papers (Bibliography [2], [3]) show that with very careful gnd
controlled [operation of equipment)a converging dew point value can be obtained if the gas quality is Well
defined and of constant composition.

There is extensive work-currently being carried out by several working groups, i.e. GERG, NPL. These further
studies will lead to ansimprovement or better understanding of hydrocarbon dew point determination in the
next few ygars.

8 Conclusions

The method of determination of hydrocarbon dew point should be carefully chosen to match the nature of the
natural gas, the mode of operation and the end use for which the information is to be applied.

Different methods of determination of hydrocarbon dew point diverge in results for many reasons but the
principle reasons are:

— the rate of deposition and the amount of liquid deposited on a mirror surface;

— how comprehensive the determination of the components in natural gas is made and the choice of EoS
used for the calculation.
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Although consensus results are required by all parties at the point of measurement, it is difficult to harmonize
results obtained from direct determination by physical observation of liquid condensation and calculation from
detailed analysis. These two methods are using fundamentally different measurement principles.

9 Recommendations

If the term hydrocarbon dew point is used in gas quality specifications it should be appended by the
determined value, e.g. max. —2°C at pressures from 1 bar gauge to 70 bar gauge with a maximum
permissible error of + 1,5 °C (from the accepted or true value) and the method of determination in case of a
disputed-vaftue shoutd be stated:

The term hydrocarbon dew point should be substituted by a new definition called technical ‘of measurable
hydirocarbon dew point to aid convergence of the determined value from the different” approaches of
mgasurement.
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Annex A
(informative)

Dew scope measurements (cold mirror)

A.1 Intraduction

A11 G

Dew scopg¢ measurements can be made manually or automatically.

A.1.2 Manual dew scope

This manu

establishe

between the measurements for 95 % of the time. Because the method ‘is manual, it is unsuitable
continuoug monitoring of the gas dew point.

This methgd has been adopted in a lot of contracts between delivery-terminals and shippers.

A.1.3 Au

An automated instrument determines the temperature at@hich dew forms by cyclically cooling and heatin
reflective qurface while optically searching for the presence of dew on the surface. When the surface is free

dew, little

When dew forms, it increases the amount of lightireaching the detector, thereby indicating that the surfad

temperatu

the presence of dew. This is generally a factory default figure, but most instruments allow adjustment

reference

good or bdtter than those achievable with-manual dew scopes.

A.2 Indi

A.2.1 Manual dew scope

A.2.1.1 General

Manual mtfasurements of hydrocarbon dew point are made using different dew scopes.

neral

j that with due skill, it is to be expected that there should be a‘maximum difference of 1,5

tomatic dew scope

f any light is transmitted to the detector, résulting in a correspondingly low signal from the detec

e is the dew point. It is necessary tordecide the level of electrical output that is taken as indicat

0 a dew scope or other methed of measurement. Manufacturers’ accuracy claims are typically

vidual instrument description

al technique requires the observation, by eye, of the formation of a film of dew (mist) on the surface
of an illunfinated cooled mirror. It requires a skilled and practiced operator to achjeve accurate results. |

is
°C
for

j a
of
or.
e’s
ing
by
as

Some examples are U.G.C., Marquis and Chandler Engineering (AMETEK Process Instruments)?).

Manual dew scopes have long been in use and the technique is included in different manual procedures. The

technique

is described in ISO 6327.

1) These trade names are examples of suitable products available commercially. This information is given for the
convenience of users of this Technical Report and does not constitute an endorsement by ISO of these products.
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A.2.1.2 Principle of measurement

The dew point of the gas is determined by cooling a mirror, over which a slow stream of the gas is passed.
The dew point is recorded as the temperature at which a film of condensate just appears on the mirror.

The general layout of equipment is common to the different manual dew scope instruments employed. The
instrument consists of a cylinder divided by a stainless steel mirror. A slow stream of gas is passed through
the part of the cylinder on the reflecting side of the mirror, which is illuminated and viewed through an
eyepiece. Refrigerant (carbon dioxide) is passed into the other part of the cylinder, thus cooling the back of
the mirror. The temperature of the mlrror is determined with a thermlstor in contact with its back A fine needle

gas pressure gauge The mstrument is connected to the sample pomt via a hlgh pressure hose or
of [clean, inert and non-porous material. Hydrocarbon dew point is by convention generatly~m
2716 bar gauge (400 psig), which approximates the cricondentherm of natural gases. The' hydroc
point is therefore estimated to be at a maximum at around this pressure. With the dew seope instr|
formation of a hydrocarbon liquid film is observed as coloured interference fringes on\the mirror.

instruments, droplets are observed, rather than interference fringes, owing to the use of a ridged mi

A.2.1.3 Advantages and disadvantages

The manual dew scope has been in operation throughout the world for’many years in the ga
A measurement can be made relatively quickly — 10 minutes — and reproducibly — different traineg
can be expected to give results with the same gas and similar instrUments differing by around 1 °C
mgasurement techniques it is dynamic, i.e. a sample of naturaligas has to be cooled, and the reg
dependent upon cooling rate. Detection of first formation of liquid is subjective and trained operato
enfployed. Additionally, trained operators may also be ablé'to characterize the type of dew d
hydirocarbon, water, glycol or methanol, as each of thesge, compounds exhibits differing characteris
formation.

A.2.2 Automatic dew scope

A.2.21 General

There are several types of automated hydrocarbon dew point analysers produced by various man
While all devices employ automated heating and cooling of the measuring surface and automated ¢
detection, they vary in the method of heating/cooling, the length of the measuring cycle, sample cg
solirce/surface/detector configuration, and physical configuration.

A.2.2.2 Principle of measurement

While there are yariations in the specific measurement principles employed, virtually all automatic
deyices employ.the following generic technique.

A paturaltgas sample stream is connected from the pipeline to the analyser at pipeline press
appropriaté, the analysis may take place at a regulated, defined pressure such as 27,6 bar ga

glves and a

fube made
pasured at
arbon dew
Lment, the
With some
ror.

5 industry.
operators
Like most
ult can be
r's must be
btected as
ics of dew

ufacturers.
ptical dew
nditioning,

dew scope

ure (when
Lige) using
the device

seamless stainless steel tubing. The tubing is sized to prevent pressure loss within the tubing when

is drawingitsTaximunT sampte ffow Tate:

The sample gas is usually filtered to remove entrained liquids and solids which would otherwise contaminate
the sample cell and measuring surface. This serves to minimize the necessity for cleaning the optical
measuring surfaces within the instrument’s sample cell.

The measuring surface is cyclically cooled and heated to allow dew to form for dew point detection and to
evaporate to clean the surface for the next measuring cycle. An optical system consisting of a light source, the
measuring surface, and detector is employed to detect when dew forms on the cooled surface.
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A beam of light is projected by the light source on to the measuring surface. When the surface is free of dew,
little, if any, light is transmitted to the detector, resulting in a correspondingly low signal from the detector.
When dew forms on the surface, the signal from the detector increases dramatically, indicating the presence
of dew. A highly accurate thermocouple is used to constantly relay the temperature of the surface. The
temperature at which the detector “sees” light is then reported as the hydrocarbon dew point temperature.

The accuracy of an automatic hydrocarbon dew point device depends upon several factors: the accuracy of
the temperature measuring device, the amount of dew formation required to “trigger” the detector that dew is
present, and the temperature gradient between the temperature measuring device and the measuring surface
where the dew forms.

As highly j|accurate temperature measurement is easily achieved, the first factor is typically not a concgrn.
(Be aware|that the accuracy of the temperature measurement device is not promoted as the overall accuracy
of the dew scope.) The second factor is a common disadvantage which was elaborated upon in,7.4.3. The
third factor is where the true inherent inaccuracies often occur.

Verificatiof of the accuracy of an automatic dew point device can be achieved by challenging the device with

a hydrocafbon of known dew point such as pure propane at a controlled pressure butidoes not reflect the
complex behaviour of real natural gas retrograde nature.

A.2.2.3 Advantages and disadvantages

These deyices have the advantage of directly measuring the physical property of dew formation. They
continually| provide an accurate and verifiable measurement of the-‘dew point of the sample gas. The
measurements are typically consistent and repeatable between automatic devices and even with manual
devices oglerated by trained technicians.

There are| several possible disadvantages. Some devices Wil trigger on water, glycol or methanol dew
formation yhich may or may not be desirable. In addition, seme devices require refrigeration gases which npay
be unavaijlable or undesirable to use in some installation locations. Lastly, some devices might have
inadequate sample filtering systems which will lead to~more frequent filter maintenance and cleaning of fhe
measuring| surface.

A.3 Besit use of instrument

A.3.1 Manual dew scope

A.3.1.1 Test methodology

Critical fagtors consideredhin the operating procedure are the flows of gas and refrigerant in order to achievge a
slow (1 °C[min) cooling.rate just prior (ca. 3,5 °C) to the appearance of liquid.

The methgdology~acknowledges that a hydrocarbon dew point is more difficult to observe than a water dew
point. It al$o recognizes the problem of cooling the mirror too rapidly and suggests that the final result should
be the avdrage of the point of first appearance of liquid on cooling and the point at which liquid disappears|on
re-heating."The test methodology requires the dew points on cooling and on heating 1o be diiferent by no more
than 1 °C. The reported dew point under this condition is the dew point on cooling. Readings are repeated
until constant results are obtained.

A.3.1.2 Operator comparisons

In order to gain confidence in any comparisons between manual dew scope measurements, an inter-
comparison of operators and the measurement process was conducted. For both tests, operators measured
hydrocarbon dew points and the results were compared.

Excellent agreement was obtained between the operators, with the measurement process showing zero
difference observed for 21 of a total of 22 comparisons.
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