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Abstract. Any gas condensate field has an extensive gasctiollesystem (GCS), through
which gas is delivered from the wells to a Gas Pssing Plant by means of reservoir energy.
At the final stage of field development the GCS raiag conditions undergo significant
changes, in particular due to lower temperaturtrasfsported gas and increased water cut in
the production fluid. In winter, simultaneous aatiof these factors may lead to formation of
ice and hydrate plugs disrupting normal operatibthe GCS. Gas stream velocity shall ex-
ceed so-called critical velocity to ensure thatftbelines operate in the liquid removal mode.
Its value is determined by a pipeline diameteiprat gas and liquid density, thermobaric con-
ditions, flowline slope and other factors. Ensuniragessary velocity at the final stage of oper-
ation is usually impossible, thus, complete moisttemoval is problematic and the hazard of
ice formation persists. This paper proposes anviaitiee technology providing stable GCS op-
eration by preventing ice formation in the flowlirfeor that end, the gas-liquid mixture in the
GCS gets additional heat from heat tracing locatsle the GCS. The heat tracing is coiled
tubing with constant circulation of liquid heat#isder medium: methanol-water solution, heat-
ed by rejected heat when passing through the alecanit (ACU). The coiled tubing forms a
closed loop with the methanol pipeline. Changdseat exchange medium consumption are in-
troduced with a VSD-driven pump, basing on the ltesof temperature measurement in the
flowline. Application of the proposed techniqueoals not only providing emergency-free
GCS operation, but recuperation of rejected heah fihe ACU as well.

1. Introduction
When oil and gas condensate fields (OGCF) reactiirthé stage of their development, operation of
GCS becomes significantly more complex. It is se ttuseveral factors, such as reduction of reservoi
pressure, lower well production and higher watdr The issues are especially vexed during the cold
part of year, when the ambient temperature is figmitly lower than GC and the soil is freezing to
negative temperatures. At the final stage, gasustreelocity values at the majority of GCS segments
(not taking into consideration the joint sectioas} usually at the level insufficient for liquidmeval.
Lowering of wellhead temperatures and reduced Igasffom the wells lead to the situation when the
amount of heat coming from the reservoir with tlaes g5 insufficient to keep water in the flowline
from freezing on contact with the pipeline wall$.[1

It shall be noted, that at the initial stage of GGdevelopment, influence of sub-zero temperatures
is insignificant due to self-regulation of flowlireperation. On the one hand, glaze ice on the pipe
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walls acts as additional thermal insulation, theducing heat losses. Besides, it leads to reduaed s
tion and increased gas stream velocity. On therdthnd, the flowline resistance increases, asagell
its pressure drop along the length, which espgcéfects increased winter flowrates. When well-pro
duction is sufficient, such self-regulation creaesequilibrium state that provides normal operatid
wells and the flowline alike. It is possible if tinells operate in a wide range of flowrates and-wel
head pressures (without self-kill), providing liquiemoval. However, during the final stage of devel
opment, when well production is reduced, the wisllanselves start operating with liquid accumula-
tion and even insignificant increase in wellheaespure leads to self-kill. Thus, unlike earliegssa
of development when equilibrium may be found prowgdenough clear opening for gas stream, at the
final stage of development the gas flow rate asgmair heat coming with it are insufficient to pre
vent total freezing of the pipelines.

The main hazard from combination of such facteraecumulation of liquid in flowlines and re-
duction of gas stream temperature lies in formadiice and hydrate plugs, which not only impag th
efficiency of gas field operation, but in some cas®y lead to emergency [2]. Thus, analysis oftexis
ing operational conditions of GCS at Urengoy OG@# #s trends and further development of inno-
vative technologies allowing efficiently operati@S under the changed conditions is a pressing sci-
entific and practical problem.

2. Analysisof progressto date

As a part of field development audit for additiom@velopment of Cenomanian deposit of Bolshoy
Urengoy deposits regularly performed by Gazprom I[G@NZ LLC, an efficiency analysis was per-
formed on the current gas collection system opamadind forecasts were made for its further opera-
tion basing on the GCS model. This model was d@ezildrom design premises and current meas-
urements of field parameters obtained from thentetey system on the basis of RPT-04 process re-
corders [3], which are currently installed on alinegery well. GCS thermal conditions, amount of
removed water and changes in well production wesebjects of analysis.

Analysis of GCS thermal conditions has shown thatldields there is a stable reduction in tem-
perature of transported product [4, 5]. So, if amJary 2004 the temperature at the inlet of Gas Pro
cessing Plant (GPP), that is, at the end of GCS,amaaverage 5.&°in some days of January 2013
this value was as low as minus@ Wwhile the ambient conditions were comparable @yerambient
temperature of 0.909. Changes in temperature from 2014 to today aretfsts up to 2030 are shown
in Fig. 1.

The obtained results bear record to increasedfislydrate and ice formation in GCS pipelines as
further reduction in production and wellhead terapse during the operation of the field will lead t
further lowering of temperatures in the flowlines.

Water cut in GSC flowlines is assessed from theuarnof water reaching the GPP separators. As
the research shows, during the year daily and rhoatitumes of liquid reaching the GPP vary signif-
icantly, as water ingress in non-uniform (Fig. I2)s due to seasonal variability of gas extractiwa-
ter accumulation in GCS and its further massiveorahwhen gas extraction increases or some other
changes in GPP operation are introduced.
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Figure 2. Diagram of GPP-5 water inflow

Water inflow from the gas collection system is oftable nature, mainly due to some GCS sec-
tions operating in plugged mode. Inflow of liquidugs depends on well and pipeline operating
modes, cooling intensity, presence of low pockdien liquid is accumulated (such as ravine or river
crossings). When a volume of accumulated liquiceerls the critical value, it is removed by gas and
transported to another section. This process repedil the liquid reaches GPP in the form of ailif

plug.
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Gas-liquid stream flow state in a three-dimensigngéline is a function of many variables: pres-
sure, slope, stream velocity, etc. Calculationsaligwse so-called critical velocity as a criteridnis
a velocity when for given thermobaric conditiongl quipeline geometry there is a transition from lig-
uid removal mode to liquid accumulation mode. Iwdslope pipeline segments a layered mode is
actualized: liquid flows along the bottom of th@gline, gas moves above it, at that, liquid velorst
quite close to that of the gas. In upslope pipetiegments, accumulation of liquid occurs, and when
the liquid occludes the pipeline section, a pluflis actualized (with generation of low frequency
liquid flowrate pulses). At that, the liquid acculaion mode arising in the upslope segment leads to
significant reduction in effective flow velocity difie liquid phase with respect to that of the gas.

Under current operating condition of Cenomaniansygloduction collection, one of the most im-
portant limiting factors to efficient operation gés collection headers and flowlines is criticglid
removal velocity, below which liquid accumulatiorode kicks in in the flowline and possibility of
plug flow arises.

In general case, the critical gas stream velogityis to various degrees influenced by the follow-
ing parameter: internal diameter of the pipelifig density of the accumulated liquig,, viscosity of
the accumulated liquidvq, gas density,, sine of slope angle of the upsloping pipelinetisa to
horizona and free-fall acceleration g (Fig. 3). Thus, ¢thiéical velocity is a certain function depend-
ing on the parameters noted above:

Ver = @(Ho, prg» Vig Pg> SINQ, g)

\Q;“_'_:_::::::;;y

Figure 3. Liquid accumulation at an upslope section of agpsline

There are various calculation methods for minimwas gelocity necessary to ensure liquid remov-
al from a pipeline [6-10]. The critical velocity mae calculated with the formula:

Vo = [285020 4[5 g(o' — p'ms, (1)

p'p

I

where P s density of the liquid, kg/fm

P is density of the gas, kgfm

O is surface tension of the liquid, n/m;

g is free-fall acceleration, nfls

This equation does not take into account the pipediope, which is a drawback. At the same time,
in [9] there is a condition obtained that determiaecumulated liquid removal from a low-lying sec-
tion of a pipeline:

A _Fry
. 4 D= (S
sin x< 58— 2

pS) nmEp3(S)
= P+ Z,—Zy—Ssina
whereP(s) = 2l = ),
1

Fr, is reduced Froude number;
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Agis the hydraulic resistance coefficient when ther@ccumulated liquid in upslope segment;

¢ = %s a dimensionless parameter equal to ratio ofigioéd bulk density to that of the gas;

VGI

n= R is a dimensionless parameter which is directhpprtional to a pressure at the initial sec-
YLo

tion of the pipeline and inversely proportionalthe bulk density of the liquid and radius of thpepi
line.

Otherwise, the liquid is not removed completelynfmg a fixed layer underneath the flowing
stream of gas.

That is why, to evaluate minimum allowable produitfi of a pipeline that prevents liquid phase
accumulation in low-lying segments of the GCSsipractical to employ a formula that takes into ac-
count the slope angle of the upslope pipeline satjneey., [10]:

Vimy = 0.1(sina)‘°'33v‘°'36J2gdp”f)—_pasina (3)
G

wherev, is the speed of removal of accumulated liquid phlasm low-lying segments of the
route, m/s;

ois the slope angle of the upslope segment;

v= —|s the ratio of kinematic viscosities of gas (undeerating conditions) ang; the liquid
VLQ
phasev,q;
g=9.81m/s;

dis the internal diameter of gas pipeline, m;

Pig IS r’fr?e density of the liquid phase having accutedlan the low-lying segment of the gas pipe-
line, kg/nT;

pc is the density of the gas stream under operatimglidons at the entrance to the upslope seg-
ment of the gas pipeline, kgim

This model accounts for thermobaric conditionsnnralirect way: depending on their values and
molecular weight of the gas, the value of gas kia@mviscosity is determined for the operating con-
ditions vg.

To assess the minimum value of veloaity,, necessary to remove water, calculations were con-
ducted for several low-lying sections of a GCS framluster of Cenomanian wells, 80. Values of
initial data: ve = 0.716 cStyy, = 1.465 cSty = 0.4887d = 0.5 m;pg =15.09 kg/m; p;, = 998.3 kg/m
Thermobaric condition® = 20.5 kgf/cr, T = 8.5 T. The calculations were performed for a range of
slope angle: of the upslope segment from 4 to 16°, which cquesls to the real-life geometry of the
GCS flowlines. The calculation results are listed able 1.

Table 1. The calculation results of speed of removal oflineid phase.

Slope angle with respect to the horizontal axis ; 6 3 10 12 14 16

o

a,

Speed of removal of the liquid phase from Iow2 08 223 234 243 25 257 262
lying segment$/,,, m/s

The results obtained show, that, for instancehat@CS segment 1221 (slope angtel2°) to
maintain necessary mixture velocity, = 2.5 m/s a flow Q = 830 thousand/day is necessary, while
the actual total of production in this area doesaxaeed 120 thousand/day .

In [11], a model is proposed where the minimum Beagy gas stream velocity providing liquid
removal from the pipeline at 90+95% is determindith\accounts for flowline pressure:

0,15 o-g 0,25 g 0,5 . 0.25
Vmin =33 () (z5,) - (52) - e @
whereP is a pressure in the system, MPa;

Py is atmospheric pressure, MPa;
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(piq - py) is a difference of density of the liquid and tbhthe gas at operating conditions, kg/m

o is a surface tension;

g is free-fall acceleration, nfls

a is the slope angle of the pipeline with respe¢h®horizontal axis.

The velocity necessary for a complete (90+95%) meah&rom flowlines at current pressure calcu-
lated from the formula (3) is equal to 7 m/s. Hoaewhen the pressure falls, e.g., down to 10
kgf/cn?, this value increases to 9 m/s, which is almosgtassible to provide under falling production
conditions.

3. Resultsand Discussion

Currently, about 65% of the GCS operates undeidiqeacumulation mode, which amounts to 1100
km in absolute value (out of the total length oPQ&m). Further operation will be accompanied by
deterioration in removal conditions and by 2030 lgregth of such segments will reach 87% of the
total pipeline length. Taking into account, thateftast temperature at the valve station inlet kbl
negative by 2030 (see Fig. 1), and reducing weltipction will not be able to provide critical veityc

of the gas stream, the probability of ice and htgd@ugs increases sharply. Most proposals aimed at
solving the liquid accumulation issues in GCS asswvaducing the pipeline profile to values at which
gas stream velocity will be sufficient to ensuregevaemoval. This, however, leads to increased re-
sistance of the flowlines.

On the other hand, the presence of water in thvifie itself is not a critical factor for GCS opera
tion if its volume is at an acceptable level, addes not create any significant resistance tdlgas
That is why, if complete water removal from the G@felines is impossible, it is practical to deyelo
an innovative technology preventing its freezingpdéssible solution is supply of heating by trace
heater, so that the liquid is constantly maintainattozen while GCS hydraulic resistance changes
insignificantly.

It is practical to use rejected heat as a sounc&€@S heating, as significant resources are spent t
dissipate it, in particular, the heat from air @alinits of booster pump station (BPS ACU). Thethea
tracing is coiled tubing laid inside the existingvilines. At the cluster side end of the flowlirney
are connected to existing methanol line, formingjased loop. Heat exchange medium circulates in
this loop, preventing the liquid from freezing apividing its removal during pipeline purge by a
compressor.

A proposed flowline heating system operating orupecation of gas ACU rejected heat is shown
in Fig. 4.
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Figure 4. Flowline heating system operating on recuperatifogas ACU rejected heat.

Heat from the gas that underwent compressing aBE@ is transfered to an intermediate heat ex-
change medium, a methanol-water solution (MWS) wveitkoncentration that prevents its freezing
from the lowest ambient temperatures during the pariod of year. MWS is transported inside the
GCS through a flexible metal tube by means of VFDah pumps. A coiled tubing with OD of 40 —
60 mm laid pipe-in-pipe is used as a pipe. ACStHies technology is based on industrial-grade con-
trollers that control the pump operation maintagnimrecessary levels of pressure and temperatute in a
controlled points on the basis of data coming fRRP process recorders, thus providing equilibrium
mode of GCS operation.

The main task in determining necessary amount af teeprovide gas transportation with water to
the valve station without formation of ice plugs@culation of heat losses in the GCS gas pipgline
Non-uniform nature of thermal insulation and pipgithg technology create most difficulties for such
calculations. Each GCS gas pipeline may be partiaid underground at various depths, on the
ground surface or as an elevated pipeline on pigeraAt that, thermal insulation may be partially
disturbed or completely missing. In case of surfsipelines, it is quite common that extensive langt
of the pipeline are completely or partially subnegtgn water. Significant variation of seasonal tem-
perature and solar irradiation, changes in wincedpend snow cover depth, significant variation in
heat transfer ratio along the gas pipeline routeatoallow performing the calculations with accepta
ble accuracy.

Estimation of the MWS amount necessary for gasitgatas performed with a mathematical
model from data obtained at GPP-5 of the Urengoyz©G

Optimal (for absorption gas dehydration) value a$ gemperature at the heat exchanger outlet is
+15°C. To ensure this value for MWS temperature inlet+df°C at the heat exchanger inlet and gas
temperature of +98C during peak removals, it is necessary to supply tih of MWS. At that, the
outlet temperature of MWS is 80. WMS concentration that prevents its freezing wheimg cooled
to the coldest ambient temperature is 60 wt%.effirgg temperature of minus 75C)[12].

To assess heat losses along the methanol pipgfstens and determine MWS temperature at the
well cluster, a hydrodynamic model of the methapipklines has been developed. The calculations
were performed for underground pipe laying for ¢hvarious types of sandy soil: dry, moist and wet,
as the heat exchange rate varies over a wide rdegending on water content: from 0.5 to 2.2
W/(m-K) [13]. Initial WMS temperature for all casesas taken as 7@° the soil temperature was tak-



IPDME2018 10P Publishing
IOP Conf. Series: Earth and Environmental Science 194 (2018) 072005 doi:10.1088/1755-1315/194/7/072005

en as minus 5 The calculations have shown, that with MWS flowraf 60 ni/h, its temperature
after passing the flowline was 26, 13 and’2f®r dry, moist and wet sand respectively.

As methanol pipelines may be laid on the surfacamaterground, passing through both swampy
and dry land, the results obtained, though appratemallow concluding that the surface of the meth-
anol pipelines is sufficient for dissipation of VS heat.

4. Conclusions

The proposed technology has a great practical itapoe for gas and gas condensate fields at the fina
stage of operation. Besides attaining its main gopievention of ice and hydrate formation — when
using GCS as a heat dissipating loop, a possiluifigns to dissipate vast amount of heat (up to0L5-2
MW from two stages of ACU), which today consumesafh.5 MW*h of electric power.
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