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Abstract.

Significant advances have been made over the paptecof
decades with respect to flow metering technologyiegble
to natural gas transmission measurement. Currentrfieter
technology is characterised by high reliabilitycetient
turndown and very low measurement uncertainty. éi@s,
the environment in which these flow meters are gpgiaced
is becoming more demanding on the meter’s operainoh
performance. This is because of the trend to opgigelines
at higher pressures and transport varying gas csitiguo
from multiple pipeline system inlet points. Thesaditions
are conducive to the formation of unwanted contamis
within the gas stream.

Introduction

Flow measurement technology applicable to the measent
of high-pressure natural gas has seen very signific
advances over the past few decades providing cenadite
benefits to the flow measurement process. Thisisqularly
exemplified with the rapid development of both thieasonic
and Coriolis meters. However, the introduction ofne
technology and operating criteria can come at a-cbging
the presence of unexpected contaminants in thetgzsesm.

Figure 1. Elemental Sulphur Deposits Downstream of a
Turbine Meter.

In natural gas pipeline network operations the most
commonly reported contamination related problethds of
the so- called black powder. This black powder &lenup of
various forms of iron sulphide (FeS), iron oxide(,
hydrocarbons and asphalt components. More recentigw
form of contamination has been catching operattishtion

that is mostly sulphur related; it is labelled las €lemental
sulphur formation and deposition process.

The elemental sulphur §5deposition mechanism has
similarity with the black powder occurrence; howeités
difficult to predict due to the lack of uniformitf
distribution within a pipeline system and seemarise even
though elemental sulphur as such is not identifietthe
initial composition of the gas to be transported.

The elemental sulphur formation / deposition preceihin
high-pressure natural gas systems was reported rimgd
1990 [1] and 1993 [2]. This observation was directl
attributed to the decision by TOTAL and STATOIL to
collectively develop the Karstg Metering and Tedbgyp
Laboratory (K-Lab) in response to concerns aséo th
accuracy of the custody transfer metering systemnthfogas
coming from the North Sea FRIGG field, and the rezment
to independently assess other flow measurement
technologies. This FRIGG gas field metering system,
measuring one million standard cubic metres offgaday,
was based on orifice plates and located at thet Saigus
Terminal in Scotland.

The orifice plate meter was not regarded as thé mos
favourable to gas sellers since its accuracy isiotgul
negatively by a large number of factors, such as:

e Calibration,

¢ Plate geometry,

¢ Obstruction by dirt and deposit,
«  Presence of liquid,

¢ Rangeability, and

¢ Repeatability

However, the presence of elemental sulphur in bailés and
production facilities is not new, especially fous@as wells.
One of the imperative problems in production ofrsoatural
gases is precipitation of the sulphur in the foramatwell
bores, and production facilities especially at high
temperatures, pressures, and at high hydrogenidaelph
concentrations [3].

The presence of elemental sulphur deposits, togetitte
hydrocarbon liquids is now being more commonly régb
by coal-seam gas methane pipeline operators aitiiésc
and gas turbine plant operators having fuel gasceou
directly from high-pressure natural gas transmisgipeline
systems. Prior research [4] found that formatioelefnental
sulphur within transmission pipeline systems cacuoc
through five main processes taking place in orithett, of:

¢ Formation of HS from sulphur bearing components,



e Chemical reactions leading to elemental sulphulnér
gas phase,

e Desublimation of the sulphur to the solid phas
. Condensation formation, and

e Throughout the facilities in the course of
transportation processes, compression, meterin
regulation stations, etc.

Desublimation is the direct transformation of vaptausolid
phase. As the majority of deposits #oand at anc
immediately downstream of pressure reduction st
obviously the main elemental sulphur formation psscha:
to be that of desublimatioithe potential pipeline chemic
reactions can have a variety of contributing sasirbewever
the magrity of these reactions will evolve over time ¢
proceed anywhere in the pipeline system where faae
conditions existThe condensate mechanism would n
likely only occur due to abnormal circumstanceshsag the
accidental injection of liquittydrocarbons ar / or
dehydration fluids into the gas streamfavourable
retrograde condensation conditions exis

Operators of transmission pipeline systcbecome
perplexed, and often in conflict with gas producexsr the
fact that although thgas at the transfer point is seemin
within specification as regards to sulphur, elerakstiiphut
is largely encountered several hundred kilomeuiethér
downstream. It is precisely because some of thghsu
bearing components not identified / elnated at the transfer
point of the gas producer’s plant, have then apgukas
elemental sulphur deposits downstream within tpelpie
transportation systerto add to the complexity of th
problem, it has been found through this researatk [5] that
the elemental sulphur deposits can be preferensat
selective.

Today natural gas transmission pipeline: operating at
higher pressures withNSI Class 900 sstems now
becoming more commomMarket forces pushing for tt
increased deregulation of pipelinetworks is resulting
multiple gas supply entry points with greater Viaility in the
gas composition transported. Both of these operait
features have the potential to incur retrogradelensatior
and hence liquid drop-outor example smaller gas produc
may now have access to the marketvever by necessity tt
smaller producer may use glycol as the gas deligdr
process, with the subsequent potential over in the gas
stream to the transmission network.

Elemental Sulphur Formation &
Deposition Focesees.

The following points [6provide a simplified overview of tF
‘elemental sulphur’ formation and deposition pracks a
process plant or pipeline pressure reduction fgdhiat
would have the necessary gas composition and apg
conditions.

1. Sulphur vapour already in gasesam at sub parts p
million (subppm) levels. [Typical concentration arou
just a few to low tens of parts x”

2. The sulphur vapour becomes supersaturated due
rapid cooling of the gas mixture rapidly flowingoigh
the pressure control vaheage (mechanism), nozzle
like pressure restriction/control devi

3. The supersaturated sulphur vapour molecules
nuclei —this is the commencement of the very re
nucleation process. The formed nuclei being r
minute particles.

4. Concurrent possilify of retrograde condensatic
occurring for some of the heavier hydrocarl
components in the gas stream. This is also dueet
rapid cooling of the gas stree

5. Other molecules (retrograde condensation compon
are attracted to the sulphur particle surface tiinc
mechanism of condensation. An analogy to
condensation phase is the process of water i
atmosphere condensing around suitab-borne nuclei.
These nuclei could be a dust, combustion produsalt
particle, generally of a size of less thanp

6. The resulting larger particles, which will haveery
high velocity, will collide with other particles ithe gas
stream forming larger particlt This is the coagulation
process.

7. There may be other deposits on the internal-walls
or fittings, or travelling within the gas streangdin due
to the high gas velocities and turbulence, thetebsia
high probability of collision with these othearticles —
this resulting in the agglomeration phi

Figure 2 demonstrates the elemental sulphur déposit a
point of highpressure reduction on a transmission pipe
Note that the deposition material texture is redi fine
with a high concemation of elemental sulpht

The conversion of the sulphur vapour to the partitiase
during the homogeneous nucleation phase is infleciy
pressure, temperature, flow and the supersaturstida of
the sulphur vapour in suspension in the gaam. The
nucleation rate is the number of nuclei formeduret
volume and time.

Figure 2. Elemental Sulphui deposition.
(Compositionpredominantly g and hydrocarbons)

A natural gas stream exitinclarge gas process plant into a
transmission pipeline system will most likely hapassec
through a coalescing filter and therefore be frieany liquid.
However, as this gas stream is most likely exitmgplant a
a temperature well above the pipeline grc temperature,
cooling of the gas stream will occur in the pipelimtil the
gas becomes at, or near equilibrium with the grc
temperatureThere will also be a pressure drop due to
cooling together wit the pipeline wall frictionalffect on the
gas streaniThis means that there is the potential for s



retrograde condensation to occur, especially ifgdme stream
exiting the gas plant has small quantities of hexavi
hydrocarbons in the gaseous state. There is tlemiaitfor
desublimation of any sulphur vapour to elementigtaur.
However, the potential formation of these liquidilgcarbon
droplets and minute elemental sulphur particlesmait
necessarily suddenly occur when the respectivewsapsre
brought to their saturation pressure and tempegatur

Research has shown [7] that a vapour will condehigs a
saturation point only in the presence of sufficiamtounts of
"foreign’ condensation nuclei, such as patrticles, ions, and
extended surfaces (heterogeneous nucleation)eloabe of
homogeneous nucleation, that is when the vapdueésof

all impurities, condensation may not occur at #ieisition
point and the vapour can exist in a state of saperation.
This means that the presence of existing partinlése gas
stream may assist in the condensation proces®of th
referenced vapours.

As heterogeneous nucleation requires less eneagy th
homogeneous nucleation, it would be expected that
heterogeneous nucleation will be more dominantiwithe
pipeline system. This is borne out by the majawity
elemental sulphur deposits being coagulated whieragolid
and liquid particle matter. Elemental sulphur déjgos
observed at affected pipeline sites tend to dematesfiner
particles are formed where there is a substantésspire
reduction. This can be explained by the fact thatgreater
the supercooling, the smaller will be the formedlai
critical radius and thus the less energy requioefbitm it.

Other Potential Pipeline Sources of
Elemental Sulphur

(). Mill Scale (Rust).

Pipeline internal wall rust is a potential oxidgmey the
following equation:

3H,S + FeO; = 2FeS+3KD + S
| |

Fé = Fé

reduction

A
w

oxidation
(ii). Introduction of Extraneous Air
H,S +%Q = H,O + 1S

Extraneous air may enter the pipeline system thraug
variety of means, such as:

- Pipeline pigging operations,

- Maintenance activities,

- Recovery of compressor casing vent gas, and

- Compressor dry gas seals.

(iii) Other Reactions within the Pipeline System
Conversion of carbonyl sulphide (COS) to hydrogeptsidie
(H»S), and hence an additional source for the formatio

elemental sulphur.

Field studies conducted [4] have found that vevy llevels of
H,S can exist within a pipeline system immediately

downstream of a gas treatment facility, howevex pbint
many kilometres downstream of the gas entry point a
noticeable increase in the$llevel can be observed. This
increase is due to the conversion of carbonyl sdpBOS to
H,S in the presence of water vapour according to the
following reaction:

COS +HO=CO, + H,S

Of particular interest is the potential for theeesal of this
reaction. In the operation of particular molecdi@ves used
at large gas plants for gas dehydration, therleeisbility for
COS to form according to the reaction:

H,S + CQ = COS + HO
It has been stated [8] that the phenomenon hasitestified

as the simultaneous,8 adsorption and rate-limited catalytic
reaction of HS and CQ@to form COS and water.

(iv). Microbial Reduction of Sulphate
SO = S = HS
Bacteria

Other Pipeline Contaminants and their
Potential Source.

Within a natural gas stream there is the potefdiah variety
of vapour, liquid and solid contaminants to be pnésThe
liquids can be represented by hydrocarbons, detigdra
fluids such as glycols, inhibitors, and free wakettensive
inductively coupled plasma — mass spectrometer (USh-
analysis [6] has demonstrated a vast number ofeziesrand
other matter such as grease, anti-seize compounds,
asphaltenes, waxes and corrosion products. Tamevides
a summary of elements found within elemental suiphu
deposits from differing transmission pipeline syste

Element Sagmle Sagple Sa?ple Salr;ple Salr;ple
Fe 7235 10471 26377 117 509
Li 0.97 2.2 10 0.1 0.41
Mg 24 47 7896 16.7 13
Al 68 465 11997 37.9 97
Si 33 128 1133 173 33
Ca 14 73 7681 10.4 1P
Ti 12.8 8.6 3700 7.2 8.4
Cr 499 21.4 379 7.1 34.1
Mn 78 66 1700 12.3 11.8
Ni 120 14.6 200 17.8 32.6
Cu 92 25.5 1100 4.4 478
Zn 25.9 100 8099 26.9 5[
Cd 0.04 0.11 1.7 0.1 1.2
Ba 1.6 5.2 170 1.3 9.9
Pb 1.71 3 1600 4.4 11.p
S 10267 5798 61091 6239 4484

Totals 18473 17229 133136 6676 5363

Table 1. ICP-MS Detected Elements (ppm) in Elemental
Sulphur Deposits.



The majority of the contamination samples have haken
from pressure reduction and metering facilities sAsh there
is expected to be a variety of differing metalgages, oils
and derivative products present together with veaygas
velocities. It will be noted that iron (Fe) is arfthe second
most common element in the analysed elemental sulph
samples. For the sample B case, Fe was the dongleméent
and gave the sample a dark olive-black colour.

Pipeline ‘Black Powder’.

From the results of an initial industry surveywds
determined that Black Powder is the least undersamod
most prominent contamination problem in pipelined their
compression equipment [9]. It appears that thiestant still
holds true today. This author also states that satghur
enters the pipeline at any point, conversion to Bolphide is
prompt and that the material may be wet and haae kke
appearance, or dry and be a very fine powder, sorestike
smoke.

Black powder describes a material that collectsaitural gas
pipelines and creates wear and reduced efficiamcy i
compressors, clogs instrumentation and valves eadblto
flow losses in long pipelines. Chemical analysishef
material has revealed that it is any of severahfoof iron
sulphide or iron oxide. Further, it may be mechaljcmixed
or chemically combined with any number of contamisa
such as water, liquid hydrocarbons, salts, chlsridand, or
dirt. Iron sulphide has both a chemical and a nhieicsource
in pipelines. Microbiologically influenced corrosigMIC) is
a form of corrosion that is initiated by microbbattfind a
habitable environment in natural gas piping. MI@iising of
the pipe wall as a result of the activities of ralmal
communities in areas that provide their requirelitaa

The microbes that cause pipe corrosion are bagiwed
families:

e Sulphate reducing bacteria (SRB), and
e Acid producing bacteria (APB).

Although the SRB directly produces$linstead of FeS, the
conversion of the first to the second is direct praimpt at
the site of the microbial activity where iron ispent. Iron
sulphide is not easily filtered out of the flowesim, and is
pyrophoric under some conditions. Some pipelineg ha
black powder problems and others do not — it caa tvajor
source of unwanted pipeline particles.

Black powder, at least the iron sulphide and oxides,
known to be created inside natural gas and othafesiwells
and pipelines. The components and conditions nacets
create the materials can be found at some poimiimy
pipelines. Iron sulphide, and apparently many of it
variations, can be quickly and efficiently createc gas
pipeline from the chemicals naturally availabldhia system.
Hydrogen sulphide (58) easily reacts with the iron in piping
to form iron sulphide as in the formula:

H,S + Fe = FeS +

In addition to hydrogen sulphide, sulphur can aésact to
form iron sulphides. Sulphur compounds are preisent
relative abundance in gas and oil wells. Oldedfeahight
have sulphate reducing bacteria that have growien
formation.

Iron sulphide, either attached to the wall of aepipr
collected in the bottom of a pipe, has the negadffects of

increasing roughness, decreasing flow area, amdasing
pressure drop. Furthermore, over time its formations the
pipe wall and reduces the margin of safety against
compromise of the pressure boundary.
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Figure 3. Black Powder at Inlet to a Turbine Meter.

The black powder deposits, which can contain pagtiof
less than one micron, can be readily transportedigh a
transmission pipeline system.

Field observations associated with this researatk Wwave
shown that fine black powder can be found immetliate
downstream of in-line correctly functioning filtedesigned
to remove patrticles of just a few microns in size.

The ‘Black- Powder’, Pipeline Rust
Contribution..

The corrosion of steel usually produces goethié®©H),
which is more commonly referred to as rust. Common
pipeline rust is formed according to the followieguation:

4Fe + 3Q + 2H,0(l) = 4FeO(OH)

Therefore, even before first gas travels down alpip
system there is a potential source of oxygen boitalé¢ue
pipe walls. As a source of oxygen, any chemicattieas
with the goethite and sulphur compounds withingipeline
are of interest.

It has been demonstrated [10] that goethite wattavith
H,S, per the following equation:

2FeO(OH) + 3HS = 2FeS + S + 40

The reaction of FeO(OH) and,8 has to be considered as yet

another potential source of sulphur within the sraission
pipeline system.

Steps to Minimize Threat of Particle
Formation / Deposition.

In pipelines where the operator suspect, or hasetified
sulphur and / or black powder as an operationdllpm, the
following recommendations could minimise the
contamination formation / deposition threat fortbot
elemental sulphur and black powder.

¢ Reduce the potential for retrograde condensation
occurring at a pressure reduction facility.



e Minimize the entry and transmission of liquids audid
particles in the gas stream.

«  Minimize the sources of water (moisture) and oxygen
that can enter the gas stream.

e Ensure carry-over from glycol processing plantseist
to a minimum.

e At commissioning of new pipelines ensure dewatering
processes are complete and thorough. Do not permit
‘puddling’ of odorants or other like additives. Makure
pipe work is free of particle matter.

« Review type of material used in molecular sieve beds
does not favour the conversion of3Hto COS.

e Minimize H,S levels. 4.0 ppm is seen as a realistic target

taking into account the economic / technical
requirements for gas producers / processors and the
transmission pipeline operator. However, a loweele
is more preferable.

. Minimize site conditions suitable for the colonipat
and maintenance of SRB.

e Care needs to be exercised in the interpretatiamof
line and wellhead analysis results. This may betdue
sampling techniques, absorption of components &y th
sampling apparatus (tubing, valving and contairaar),
due to the variations between sampling and analysis
pressures (and temperatures).

Additional recommendations to minimise elementéblsur
formation / deposition are:

«  When a large pressure reduction is required usmh d
stage pressure cut. Due to the potential for teatper
recovery between stages, a much lower temperature
gradient at each stage, and lower retrograde
condensation rate (if applicable) will decrease the
overall nucleation, condensation and coagulatitesta

*  Where possible, avoid the application of labyrityihe
pressure control / regulation valves.

e Try to minimize large temperature excursions along
pipeline route.

« Maintain flowing gas temperature as high as prattjic
possible. This will not only help maintain the dulip
gaseous form and hence in solution, but will alssist
in the minimization of retrograde condensation.

e Take care when applying commercial models to gas
processing, transportation conditions. Ensureasl g
component parameters are within the specified desig
criteria of the model.

*  Minimize pipeline pigging operations and maintaig p
speeds at realistic controlled levels. Pigging apens
are a cause of oxygen ingress. Such operationhaiso
the potential to transport a slug of liquid dowa th
pipeline to pressure reduction facilities. Highepe
pigging operations, due to the result of the Joule-
Thomson effect, can actually result in heavier
hydrocarbons condensing.

Impact on Flow Meter Performance.

Unwanted contaminants, both liquids and solids,amane at
a cost to the pipeline operator — varying from ange value
to causing complete failure of equipment and stgppa the
gas flow. The impact of the presence of elementdahsir not

only translates to the potential for gas supplgrintption,
damage to equipment and general reliability isshesalso
very significant and costly demands on system reasmce.

Some of the more common locations for elementatsurl
deposits in pipelines and associated systems are:

«  Deposition on internals of flow meters:
Impact; Loss of gas measurement accuracy. Eriatic f
readings due to flaking and shedding of deposits.

«  Deposits around pressure control valves:
Impact; Adverse impact on stem movement. Potential
for plugging of valve orifice.

«  Coating on thermowells, pipe walls and flow
conditioning elements:
Impact; General degradation of performance. Paknti
to stop gas flow for case of flow conditioner eletne

«  Deposition in the throat of critical flow nozzles:
Impact; Nozzle can no longer be used for intended
purpose.

«  Coating on in-line filters and on filter housingemals:
Impact; Increase in differential pressure acrdgsrfi
elements with potential for complete plugging, and/
filter collapse.

¢ Coating of sour gas exchangers at natural gas teeatm
plants:
Impact; Due to plugging, plant shut down required.

¢ Coating on in-line filters and on filter housingemals:
Impact; Increase in differential pressure acrdgsrfi
elements with potential for complete plugging, and/
filter collapse.

« Coating of sour gas exchangers at natural gas tegatm
plants:
Impact; Due to plugging, plant shut down required.

« Downstream of gas turbine control valves:
Impact; Valves starting to plug with output reduced
Periodic shedding of the uncontrolled sulphur d&pos
into the gas fuel nozzles. This has potential ttsea
flashback and flame holding of the secondary and
tertiary pre-mixing system resulting in physicahdae
to equipment.

Flow Meters Observations.

Investigations into the contamination build-up towf meters
has been limited to turbine, ultrasonic and Casitfpe
meters, although contamination has also been cbden a
small number of orifice plate and vortex meterstbine,
ultrasonic and Coriolis meters are now generakyrtieters
of choice for high-pressure natural gas and coafrse
methane gas transmission pipelines. These metgrhava
to respond to the resulting gas flow distortions tluparticle
deposition processes depicted in Figures 1 tolashe. The
following general discussion is limited to theseethmeter

types.

Turbine Meters

As the discovery of elemental sulphur formation and
deposition in natural gas transmission pipelines fivat
identified in the late 1980’s, turbine meters weplacing
orifice plate meters for custody transfer applimas. This has
resulted in reasonable in-depth analysis of theaghpf such
contamination on the turbine meter. In the majooitgase



studies, turbine meters with reasonably uniform
extensive deposition have been able to be cleamt
returned to service without any repair or librations
performed.

Figure 4. Elemental Sulphur Deposits on Flov
Straightening Tubes

The deposits on the turbine meter interiwith reasonably
uniform, noneonglomerate particle deposits, flow deviati
of up to +2 % have been observed by placing thectt
meters in series prove with a field based ‘masteter. Fol
such cases the particles are generally less thum. For
larger particles, and in particular for r-uniform deposits on
the meter internals, the flow deviations can batarwith
underfegistration of flow being possibl The modern
turbine meter has demonstrated that it is robusirtall
particle contaminats in the gas stream and can be
repeatable over a long period of opera

Ultrasonic Meters.

The diagnostic capability and design of the modgimasonic
meter means thé can detect swirl, jetting ar
contaminationThese capabilities, coted with the ability to
perform remote diagnostics on the meter, make thig-path
ultrasonic metean attractive gas flow met However, as
with all technology, development and knowledge aloese
meters continugsesulting in changes and revisic
regarding the operation of these met@itsis can be reflecte
in the relevant industry technical guide to theligagion of
these meters, namely AGA-9 [11] arl®@]. With respect to
the meter internal surface there are differenceise
recommendations madetween the tw editions.

The AGA-9 (1998) edition [113tates with respect the
meter internal surface thathe internal surface of the U
should be kept clean of any deposits due to cordensi
traces of oil mixed with milscale, dirt or sed, which may
affect the meter’s crossectional area. The UM’s operati
depends on a known crossetional area to convert mean
velocity to a flow rate. If a layer of deposits anwlates
inside the UM, the crossectional area will be reduce
causirg a corresponding increase in gas velocity a
positive measurement error’x&mples of the measureme
errors that can be introduced gieen in Table .

It is to be noted that the above information haanlaeletec
from the current edition of AGA-9 [12With a
recommendation now given that the maxin surface
roughness of the metebore be no greater than zu inch.
However it is still acknowledged that a changehia ineter’s
crosssectional area will result in a fluid velocity iease an

a posiive measurement error. However for ¢
contamination buildip on the transducer faces, the ad'
has been modifiedicknowledging that a measurement e
will not necessarily occur in all contamination dsition
situations.

Deposit laye on

L4 U2 (i) meter bore(mm)

Percentage error

152.4 (6 inches) O'Zir?fhfs"om +0.53 %
508 (20 inches) 0.2"(1)§>h(e05.00£ +0.16 %

Table 2. Meter Error due to Uniform Deposits on Meter
Bore
[Adapted from 11]]

Although there has been extensive research intdekign
and operation of ultrasonic meters, including thpact of
contaminants, there does not appear to be anyghahlidat:
on how these meters react to total contamination issues
presented by theresence of elemental sulp or other
contaminantén the gas stream. As already referenced
elemental sulphur deposits can coat the pipe, meter bore,
upstream fixtures such as flow straighteners aow
conditioners and downstream fixturesh as thermowell
housings. To add to the complexity, the coatingseaptc
vary over time with flaking of the deposits reglye
occurring. This flaking can result in discrete, pient
deposits along the metering and pressure regul&oility.
Figures 1 and demonstrate this elemental sulphur def
flaking phenomenon.

Coriolis Meter.

Coriolis meters are fast gaining accepe as a high-pressure
gas meter. Although lesser number of Coric meters (than
turbine and ultrasonimeter) have been installed at
transmission pipeline facilities known to be imgacby
elemental sulphur depositicthere is little evidence that they
are directly impacted by the presence of contantgianthe
gas stream. This situation is probadue to the high gas
velocity throudp these mete, however direct plugging could
be a possibility.tlis possibly a little early to determiif

there could bany long term mechanical imp on these
meters byparticle matter in the gas stre:

Figure 5.Upstream View to Pressure Regulatc
[Note clear indication of liquid (hydrocarbon) fl¢



Conclusion.

As the boundaries of flow measurement continudzkto
extended with regard to the introduction of nevhtexogy,
increased accuracy and operating parameters, ithare
possibility that these benefits may come at a €dbat of the
formation and deposition of contaminants due to
desublimation and/or chemical reactions. With gas
transmission pipeline systems now tending to hawkipte
gas entry points through increased deregulatienpdtential
to have greater variations in gas composition parted
increases. This could also contribute to an ineréas
occurrence of retrograde condensation.

The entry of liquids into a gas transmission pipelystem,
together with other particles and contributing edets, such
as hydrogen sulphide and oxygen to the formation of
elemental sulphur and black dust deposits, nebé tahtly
controlled. This also applies to the control of ditions
within the pipeline system that could be condutivearticle
and/or liquid formation. Good engineering desigd an
pipeline operational modifications have demonsttabet
these contamination issues can be minimised. Tdrerenany
benefits to be realised by applying the current enodlow
measurement technologies — however the pipelineatgre
must be prepared to make engineering design arrdtipeal
changes to the pipeline system to minimize theriite
contamination threats and to protect the end gsss1sage
process.
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