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Abstract

The presence of hydrates in deep water oil-gas-field operations is a fairly frequent issue. It is very important to have a
hydrate management strategy for normal operation. This work evaluates the optimum mass concentration of
monoethylene glycol in hydrate management for a deep water operation conditions. A simulation based approach was
adopted and OLGA Dynamic Multiphase flow simulator and Multiflash fluid model modelling package were used. A
based model was initially developed and remodelled for different mass concentrations of 10, 20, 30, 40, 44, and, 45 MEG.
The results for the actual production with no inhibition, shows that at 2268.53ft along the pipeline that 6.74853 x107
volume fraction of hydrate was formed at a pressure and temperature of 318.196psia and 3.41765°F in the pipeline. It
also reveals that hydrate was form at the inlet section of the pipeline. For 10 mass percent of Monoethylene glycol added
to the fluid system reveals 573.651ft and 1.21864x1077 volume fraction of hydrate was formed in the pipeline. Hydrate
was thermodynamically unstable up to 573.6511ft along the pipeline. After the unstable section, 1.21864x10”7 volume
fraction of hydrate was formed in the pipeline. Result shows that increase in the mass percent of the MEG increases the
length of unstability of the hydrate formation along the pipeline, and increase in the mass concentration of the MEG
decreases the volume fraction of hydrate formed in the pipeline. Results further reveal that 45 percent mass concentration
of MEG inhibited hydrate formation in the gas mixture.
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1.0 INTRODUCTION

There exist numerous flow assurance challenges concerning natural gas production and transportation
(Sloan Jr & Koh, 2007). At any of these stages, natural gas may come into contact with condensed,
production/formation water to form ice-like structures known as gas hydrates at certain pressures and
temperatures leading to pipeline blockages, pressure build-up, and dangerous projectiles that could
rupture the pipeline (Sloan Jr & Koh, 2007). Especially, in the transportation of gas through subsea
pipelines from wellhead to onshore processing usually provides the typical conditions of pressure and
temperature for the formation of hydrates.

Hydrate formation and its prevention remains a technical challenge for flow assurance in wet gas
pipelines. Gas hydrates are crystalline solids formed from water and hydrocarbon gases molecules at
low temperatures and elevated pressures. Gas hydrate formation starts with a nucleation step where
microcrystalline hydrate particles form. They subsequently agglomerate and grow into large structures
that may eventually obstruct the flow inside the pipeline. Hence, hydrate prevention and its management
is one of the major focuses for flow assurance (Akpabio, 2013).

The work of Hammerschmidt (1934) was the start of the contemporary era of gas hydrate research.
He discovered that the blockage of gas lines at a temperature greater than the ice formation
temperature were due to gas hydrates as opposed to normal ice formation (Hammerschmidt, 1934).
The capability to predict hydrate formation conditions was another significant development in this
field. Katz (1945).and their team of researchers collated the pressure-temperature data from gas
hydrate experiments that resulted in the formation of hydrates from varying gases given enough water
presence (Katz, 1945).

Gas hydrates are a crystal lattice network made up of common gas components such as methane to
butane, acid gases, and nitrogen encaged by molecules of water (Koh, 2002; Sloan Jr and Koh, 2007).
The mechanism of gas hydrate formation is built based on the theories pertaining to water
crystallization (Sloan Jr & Koh, 2007). The process commences with the nucleation phase which
typically happens on the water- gas interface (Sloan Jr & Koh, 2007). Succeeding this phase, the
growth of hydrate begins to occur which is a complicated process (thermodynamic) deeply reliant on
conditions of mass and heat transfer. As for the dissociation of gas hydrates, it is endothermic and
occurs around the hydrate solid (Sloan Jr & Koh, 2007). The process can be instigated by changing
the surrounding pressure and temperature of the hydrate solid.
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Beyond the environmental impact of gas hydrates, there have also been serious concerns from the gas
and oil industries. In 1934, Hammerschmidt first recognized that natural gas hydrates rather than ice
were a major potential cause of pipeline occlusion (Hammerschmidt, 1934). As the working areas of
the gas and oil production are usually in the deep ocean, the conditions there are favourable for the
water and gas to form hydrates, leading to blockages clogging the gas flow in pipelines. Considering
the safety risks and economic loss caused by hydrate blockages, many methods have been employed to
prevent their formation. Typical methods are heating the system to a temperature above the hydrate
formation at the system pressure (Lili et al., 2021), drying the gas (Hubbard, 1991), and chemical
control using inhibitors (Odutola et al., 2014). Chemical control of hydrates involves using chemicals
to alter the hydrate formation condition of pressure and temperature or to delay hydrate nucleation,
growth and agglomeration.

The control and prevention of gas hydrates may typically be achieved by chemical injection, thermal
heating, depressurization, dehydration, and water removal (Son and Wallace, 2000). In terms of
chemical injection, a hydrate inhibitor such as MEG as opposed to methanol is widely employed due
to it being the safer, cleaner, and re- usable (through MEG regeneration) alternative (Brustad et al.,
2005). Where MEG is utilized as part of the hydrate control philosophy for a field, MEG begins its
journey after the wellhead mixing with the produced hydrocarbon, ultimately dropping the
thermodynamic hydrate phase equilibrium to lower temperatures (Son and Wallace 2000). At the
onshore arrival facilities, the production fluid is separated and pre- treated.

Okereke et al. (2020) investigated and published that MEG inhibited the hydrate mass fraction
formation by mainly controlling the temperature condition. As MEG is widely used as a hydrate
inhibitor, its regeneration and reclamation processes become vital to the overall natural gas production
and processing (Odeigah & Pojtanabuntoeng, 2022).

The use of MEG especially in the context of regeneration leads to the challenge of MEG degradation whether
oxidative or thermal. Preliminary research suggests that MEG undergoes thermal degradation at certain
temperatures generating organic acids, specifically formic and acetic acids (AlHarooni, et al., 2015). Studies
of the effect of MEG injection on prevention of hydrate formation in natural gas pipeline have been the subject
of many investigators. The efficiency of glycols as inhibitors of hydrate formation in natural gas especially in
offshore transportation pipeline has been studied by several researchers. Considering the usefulness of MEG
injection in preventing hydrate formation in the industry, the purpose of the present work is to evaluate the
effect of Monoethylene Glycol in hydrate management and its optimum concentrations for hydrate
formation prevention in gas transmission pipeline using OLGA Dynamic Multiphase flow simulator
and Multiflash fluid model modelling package.

2.0 MATERIALS AND METHOD

3.1 MATERIALS

The materials (data and software) used in this study to evaluate the effect of Monoethylene Glycol in
hydrate management and its optimum concentrations for hydrate formation prevention in gas
transmission pipeline includes the following: OLGA Dynamic Multiphase flow simulator, multiflash
fluid model modelling package, analysis of the fluid (components and compositions), pipeline
material and geometry data (length, elevation, wall roughness, internal diameter, heat capacity,
density, thermal conductivity), and operating conditions of the pipeline (pressure, temperature and
flow rate).

3.1.1 Gas properties for hydrate and PVT table files creation

Hydrate table file (.hyd) and PVT table file (.tab) are the two most essential files required to run a
hydrate simulation in OLGA. These files contain pressure and temperature values for hydrate
calculation and PVT parameters. Table 1 shows the gas composition which was used as a feed into
Multiflash package for the generation of hydrate and PVT files respectively.



Table 1: Fluid composition and mole percent

Composition Mole (%) Composition Mole (%)
Methane 88.322 n-Hexane 0.177
Ethane 6.755 n-Heptane 0.132
Propane 1.995 n-Octane 0.05
i-Butane 0.688 n-Nonane 0.012
n-Butane 0.769 n-Decane 0.005
i-Pentane 0.388 Water 0.121
n-Pentane 0.183 Nitrogen 0.237
Carbon dioxide 0.166

3.1.2  Pipeline materials and geometry data

The gas pipeline is 285001t in length. In order to simulate it using OLGA software, the pipeline
geometry in the model was assumed to consist of 5 pipe segments. Table 2 shows the pipeline
geometry data. It has an elevation of zero to a length of 5700ft along the pipeline before its elevation
increases from zero to 20ft. Figure 1 shows the flow path plot of the pipeline.

Table 2: Pipeline geometry data
Pipeline Geometry Data
Length Wall Roughness Diameter .

PIPE o Elevation [ff] [in] [inches] Section
PIPE-1 5,700 0 0.05 14 10
PIPE-2 5,700 5 0.05 14 10
PIPE-3 5,700 5 0.05 14 10
PIPE-4 5,700 5 0.05 14 10
PIPE-5 5,700 5 0.05 14 10
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Figure 1: Flowpath of the pipeline
The carbon steel pipeline material properties used in the OLGA simulation model were 502.416 J/Kg-
K heat capacity, 54W/m-K thermal conductivity, 7850 kg/m>® density and 19.05mm pipe wall
thickness. It was coated with a layer of Poly Ethylene Foam having a thermal conductivity of 0.04
W/m.K, heat capacity of 2300 J/kg.K, density of 32kg/m> and a wall thickness of 25.4mm. These
data are presented in Table 3.3.
Table 3: Pipeline material properties

Pipeline material properties

Thermal
Conductivity Density Heat Capacity Wall thickness
[W/m.K] [kg/m3] [J/kg.K] [mm]

Carbon Steel 54 7850 502.416 19.05

Poly Ethylene Foam 0.04 32 2300 254




3.3 Methods

Hydrate formation modelling performed in this work was done with OLGA v2017.2.0.107 and
Multiflash v6.1. The study approach adopted in this work was to establish the possibility of hydrate
formation in the pipeline first before the addition of Mono Ethylene Glycol (MEG). Multiflash was
utilized as a phase behavior properties engine to generate input file into the OLGA model. OLGA
reads these tables at a particular condition of pressures and temperatures within the pipeline system
and uses that for multiphase calculations. This may include interpolation between values on the table
of properties. The fluid composition was used as a basis for phase behavior modeling within
Multiflash for the phase behavior model input to OLGA. The preconfigured model setup available
was used to define the Hydrates model. The chosen equation of state (EOS) for the characterization
of the PVT data was CPA-Infochem. The model selection screen is as shown in figure 2.
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Figure 2: Model selection screen

The components that make up the fluid system were selected to make the component available on the
fluid composition panel in order to enter the amount of each component. The component library

screen is as shown in figure 3.
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Figure 3: Infochem component databank

The amount of each component was then entered in the fluid composition panel. These components
were used to create the hydrate and PVT files. These tables are required in the model to predict the
hydrate formation conditions of the fluid of interest. The Multiflash PVT and hydrate file generation

screen is shown in figure 4.
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Figure 4: Fluid file generation screen

The generated hydrate table and PVT table files were then imported into OLGA. An empty OLGA
case was created and the flow path together with the nodes representing the inlet and outlet of the
pipeline were selected. The gas transmission line consists of a closed node at the beginning of the
pipeline with a mass source at the inlet, a flow path representing the pipeline and a pressure node at
the end of the pipeline which is set at 30psig and 20°F. The pipeline materials and geometry data
were used to define the pipeline. The environment surrounding the gas pipeline has an ambient
temperature of 6°F. The CSMHyK model was selected in the hydrate model option with structure 11
hydrate selected as the hydrate phase. The default subcooling value was used as the allowable
temperature difference between the hydrate formation temperature and the fluid temperature before
nucleation will occur. The heat transfer from the pipeline wall to the surroundings and a mass source
rate of 4kg/s were defined the heat transfer and source keys respectively. Also, the gas pipeline was
selected as the flow path where OLGA is going to check for hydrate by adding Hydrate check, which
tells if hydrate will form, hydrate kinetic, which tells how fast hydrate is going to form and hydrate
Option under the FA Models. The simulation end time was set to 1 hour. The OLGA screen together
with the developed gas pipeline model is shown in figure 5.

These same procedures were repeated for the case of the addition of Monoethylene Glycol inhibitor
to the fluid composition using the inhibitor calculator. After the inhibitor was added to the fluid

system, the hydrate phase boundary was check to see the inhibition effect of addition of the inhibitor
to the fluid stream.
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Figure 5: OLGA gas pipeline model

3.4 Sensitivity analysis and conditions

Sensitivity analyses were conducted to determine the optimum concentration of MEG required to
supress hydrate formation in the pipeline. Mass concentration of 0%, 10%, 20% 30%, 40%, 50% and
60% each of MEG was injected into the pipeline to see their effect on hydrate formation tendencies.



3.0 RESULTS AND DISCUSSIONS

3.1 Phase envelope

A phase envelope was developed to understand the phase changes (gas/liquid/hydrate) in the system
at different condition of temperatures and pressures. The phase envelope curve for the gas sample is
as shown in figure 6. It reveals a critical point of -71.301°F and 999.637psig. Results shows that
hydrate II phase was present at a temperature of 38.35°F above the ice point. Liquid fractions are
present in the hydrocarbon mixture at all temperature conditions below this critical temperature and

pressure.
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Figure 6: Phase envelope of the gas sample

3.2 Hydrate Dissociation and Nucleation curve

The hydrate nucleation curve represents when hydrate would theoretically form crystals instantly.
The nucleation curve is based on the stochastic behavior of how hydrate crystals form and provides
an estimate of the condition that cause hydrate crystals to go from meta-stable to stable. The hydrate
dissociation temperature is the temperature below which hydrates can form. The hydrate dissociation
calculation is an example of a fixed phase fraction flash. The hydrate nucleation temperature is the
temperature at which the nucleation of hydrates occurs and hydrates can form. Figure 7 shows the

hydrate dissociation and nucleation curves.
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Figure 7: Hydrate Nucleation and Dissociation curves

To the left of the curves (towards lower temperature and higher pressure) is where hydrates are
thermodynamically stable and to the right of the curves represent the area where hydrates do not exist
as illustrated in figure 7. Between the dissociation and nucleation temperatures is the area of hydrate
risk where hydrates may or may not form, depending on the time scale and kinetics of the formation
process. The formation and dissociation temperatures vary with pressure, as shown in the figure. The
dissociation temperature and pressure and the nucleation temperature and pressure are determined
with a fixed phase flash calculation. From the calculation, it was observed that the hydrate has a
dissociation temperature of 41.701°F at 200 psig. HYDRATE II was observed to be the most stable
hydrate phase at the specified pressure. HYDRATE II was also the most stable hydrate phase at the
specified temperature with a dissociation pressure of 68.622 psig at 20°F.

To calculate the hydrate nucleation temperature, a fixed phase flash calculation was used. The result
shows that at 20°F, the hydrate phase starts to nucleate at a pressure of 120.330 psig, i.e. the hydrate
crystals to go from a meta-stable state and start to form at this condition. More so, at 200 psig, the
hydrate nucleation temperature is 27.146°F. Table 4 shows a summary of the result from the
calculation.

Table 4: Hydrate formation and dissociation calculation result

Fixed Hydrate formation value Hydrate dissociation value
Temperature (20°F) 120.330 psig 68.622 psig
Pressure (200 psig) 27.146°F 41.701°F

4.3 Effect on hydrate dissociation of adding a Mono Ethylene Glycol (MEG) inhibitor

Thermodynamic hydrate inhibitors decrease the temperature or increase the pressure at which
hydrates will form from a given gas mixture. The effect of MEG inhibitor was investigated by adding
it to the list of components. The inhibitor calculator was used to calculate the amount of MEG
inhibitor to be added to the amount of water present in the fluid in order to reach a user-defined
inhibitor concentration. Figure 8 shows the inhibition effect of adding MEG to the gas stream. The
curves on the figure shows the effect of adding 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70% and 80%
mass concentration of MEG. The 0% concentration of MEG represents the normal fluid without any
MEG. At 727 psig, hydrate may form at 60°F. If the pressure is increased further to 2000psig, hydrate
may even start to form at a higher temperature (70°F). But by just adding 30% mass concentration of
MEG to the fluid system, the hydrate curve has been lifted to the left and the hydrate at the same

ressure (727psig) is forming at 54°F.
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Figure 8: Effect of MEG Concentration on hydrate dissociation (hydrate curve).



Therefore, from the figure as the inhibitor concentration increases, the hydrate dissociation
temperature i.e., the temperature below which hydrate will form is reduced for a given pressure.

4.4 Hydrate formation in the pipeline for the case of no inhibition

Figure 9 shows the section and hydrate variables. The red line is the hydrate formation temperature,
the black line is the hydrate volume fraction, the blue line is the section pressure and the green line is
the section temperature. The figure shows that at 2268.53ft along the pipeline that 6.74853 x107°
volume fraction of hydrate has formed the pipeline for a pressure of 318.196psia and a temperature
of 3.41765°F in the pipeline. Also, the figure reveals that a hydrate volume fraction of 9.31962 x10°
> has formed at 26544.4ft for a pressure 94.9207psia and a temperature of 3.41765°F existing in the
pipeline section. It also reveals that hydrate will form right from the inlet section of the pipeline.
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Figure 9: Section and hydrate variables for the case of no inhibitor

This is also evident by the result showing the difference between the hydrate and section temperature
(DTHYD) as shown in figure 10. The figure shows that the variable DTHY D was positive throughout
the entire pipeline length. This means that hydrate will form in the pipeline.
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Figure 10: DTHYD for the case of no inhibitor

4.4.1 Effect of 10 mass percent of MEG on hydrate formation

This is a case in which 10 mass percent of Monoethylene glycol was added to the fluid system. Figure
11 shows the section and hydrate variables along the length of the pipeline. The figure shows that
hydrate was thermodynamically unstable until 573.651ft along the pipeline. At this point about
1.21864x1077 volume fraction of hydrate has formed in the pipeline.
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Figure 11: Section and hydrate variable for the addition of 10 mass percent of

Figure 12 is the profile of the variable DTHYD which is the difference between the hydrate
equilibrium temperature and the section temperature for the entire pipeline. The figure shows that the
variable was positive for the entire pipeline length, meaning that the hydrate equilibrium temperature
was higher than the section temperature and therefore hydrate will form in the pipeline.
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Figure 12: DTHYD for the addition of 10 mass percent of MEG

4.4.2 Effect of 20 mass percent of MEG on hydrate formation

This is a case in which 20 mass percent of Monoethylene glycol was added to the fluid system. Figure
13 shows the section and hydrate variables along the length of the pipeline. The figure shows that up
about 573.651ft along the pipeline that the hydrate was thermodynamically unstable. At this point
about 1.30194x107 volume fraction of hydrate has formed in the pipeline.
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Flgure 13: Sectlon and hydrate Varlable for the add1t10n of 20 mass percent of MEG

Figure 14 shows the difference between the hydrate equilibrium temperature and the section
temperature. The figure shows that this variable was positive throughout the entire pipeline length.
This means that the entire pipeline length is susceptible to hydrate formation.
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Figure 14: DTHYD for the addition of 20 mass percent of MEG

4.4.3 Effect of 30 mass percent of MEG on hydrate formation

This is a case in which 30 mass percent of MEG was added to the fluid system. Figure 15 shows the
section and hydrate variable for the entire pipeline length. With the presence of 30 mass percent of
MEG in the pipeline, the hydrate was thermodynamically unstable up to 1747.03ft along the pipeline
length. At this point, about 5.9057x10” volume fraction of hydrate has formed in the pipeline.
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Flgure 15 Sectlon and hydrate Varlable for the addltlon of 30 mass percent of MEG

Figure 16 shows the effect of 30 mass percent concentration of MEG on the difference between the
hydrate equilibrium temperature and the fluid temperature. The figure shows that at the beginning of



the pipeline, the variable DTHYD was negative before it changes to positive at some point along the
pipeline length. Hydrate will be thermodynamically unstable along the section of the pipeline where
DTHYD was negative and stable along the section of the pipeline where DTHYD is positive.
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Figure 16: DTHYD for the addition of 30 mass percent of MEG

4.4.4 Effect of 40 mass percent of MEG on hydrate formation

This is a case in which 40 mass percent of MEG was added to the fluid system. Figure 17 shows the
section and hydrate variable for the entire pipeline length. With the presence of 40 mass percent of
MEG in the pipeline, the hydrate was thermodynamically unstable up to 2868.25ft along the pipeline
length. At this point, about 1.37687x107 fraction of hydrate has formed in the pipeline. At 2294.6ft,
no hydrate was present in the pipeline at a pressure of 317.318psia and 18.3325°F. Also, at 11029.7ft
and a pressure and temperature conditions of 261.749psia and 5.27548°F, 4.30134 x10~° volume
fraction of hydrate has form in the pipeline. For a pressure and temperature conditions of 204.057psia
and 4.85276°F existing at 18148.2ft along the pipeline, 6.3492x10 volume fraction of hydrate will
form at this point..

BEHYD [-] (GAS PIPELINE) "Hydrate volume fraction” ~
PT [psia] (GAS PIPELINE) "Pressure” =

HYDTM [F] (GAS PIPELINE) "Hydrate formation temperature™
TM [F] (GAS PIPELINE) "Fluid temperature”

PT[psia]
N
3
8
F
o
BEHYD []

Pipelines length [FE] 2256225 ==

EEHYLD [-]1 (&5 PIFPELIMNE)Y "Hydrate wolurme fraction™ 1.3 7ea87e- D7

HDOTrA [F]l (G5 PIPELIMNEDY "Hyrdrate formation termperaturs" 12,2797

PT [ps1al] (Gas PIPELIMNE]) "Pressure™ 21 2995
Pipeline length [Ft] 220 5 ==
EEHYD [-] (GAasS PIPELIMNE)Y "Hydrate wolurme fractiomn™ o

H»DTrAa [F] (GAasS PIPELIMEDY "Hydrate formation termperature’” 122200
PT [psial] (G5 PIPELIMREY "Pressure" FATFT.21=E

Pip=line length [Ft]
BEHYD [-] (G455 PIPELIMNED "Hydrate wolurme fracticomn™ 4. 201 24005
HOTrRA [F] (SGAaSsS PIFPELIMEDYD "Hydrate formation termperature”™ 15,3122
PT [psial] (G55 PIPELIMNE? “"Pressure"' 251.749%

Pipelimne length [Ft] 181422 =z
EEHYLD [-] (&A% PIPELIMNEY "Hydrate wolurme fraction™ 5. 3992 =005
H DTk [F] (&S PIPELIRMEY "Hydrate forrmation termperaturs" 11,2783
PT [psial] (Gas PIPELIMNE)Y "Pressure™ 2 05T .
y - GoaSs PIPEL = = d termperaturs 4 _ES52TE Flgure

17: Section and hydrate variable for the addition of 40 mass percent of MEG

Figure 18 shows the effect of 40 mass percent concentration of MEG on the difference between the
hydrate equilibrium temperature and the fluid temperature (DTHYD). The result shows that at the
beginning of the pipeline, the variable DTHYD was negative before it changes to positive at some
point along the pipeline length. Also, it was far more negative when compare with that of 30 mass



percent MEG. Hydrate will be thermodynamically unstable along the section of the pipeline where
DTHYD was negative and stable along the section of the pipeline where DTHYD is positive.
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Figure 18: DTHYD for the addition of 40 mass percent of MEG

4.4.5 Effect of 44 mass percent MEG on hydrate formation

This is a case in which 44 mass percent of MEG was added to the fluid system. Figure 19 shows the
section and hydrate variable for the entire pipeline length. With the presence of 44 mass percent of
MEQG in the pipeline, the hydrate was thermodynamically unstable up to 5162.85ft along the pipeline
length. At this point, about 1.47292x107 fraction of hydrate has formed in the pipeline. At 2894.33ft,
no hydrate was present in the pipeline at a pressure of 313.21psia and 14.2557°F. Also, at 14967.1ft
and a pressure and temperature conditions of 231.077psia and 5.01508°F, 3.12044 x10~ volume
fraction of hydrate has form in the pipeline. For a pressure and temperature conditions of 206.892psia
and 4.85276°F existing at 17757.11t along the pipeline, 3.62431x107° volume fraction of hydrate will
form at this point.
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Flgure 19 Sectlon and hydrate Varlable for the addltlon of 44 mass percent of MEG

Figure 20 shows the effect of 44 mass percent concentration of MEG on the difference between the
hydrate equilibrium temperature and the fluid temperature (DTHYD). The figure shows that at the
beginning of the pipeline, the variable DTHYD was negative before it changes to positive at some
point along the pipeline length. Also, it was far more negative when compare with that of 30 mass
percent MEG up to a value -25°F. Hydrate will be thermodynamically unstable along the section of
the pipeline where DTHYD was negative and stable along the section of the pipeline where DTHYD



is positive.
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Figure 20: DTHYD for the addition of 44 mass percent of MEG

4.4.6 Effect of 45 mass percent MEG on hydrate formation

This is a case in which 45 mass percent of MEG was added to the fluid system. Figure 21 shows the
section and hydrate variable for the entire pipeline length. With the presence of 45 mass percent of
MEG in the pipeline, the hydrate was thermodynamically unstable throughout the pipeline length.
For the entire pipeline length, the hydrate volume fraction was zero. Thus, no hydrate was formed in
the pipeline. At 3102.93ft, no hydrate was present in the pipeline at a pressure of 312.164psia and
13.48°F. For a pressure and temperature conditions of 184.012psia and 4.66149°F existing at
20077.8ft along the pipeline, zero volume fraction of hydrate will form at this point.
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Figure 21 Section and hydrate Varlable for the addltlon of 45 mass percent of MEG

Figure 22 shows the effect of 45 mass percent concentration of MEG on the difference between the
hydrate equilibrium temperature and the fluid temperature (DTHYD). The figure shows that at the
beginning of the pipeline, the variable DTHYD was negative before it changes to positive at some
point along the pipeline length and then falling back to negative at the pipeline outlet. Note that this
variable was positive along the pipeline but yet no hydrate formation was observed in the pipeline.
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Figure 22: DTHYD for the addition of 45 mass percent of MEG

4.0 CONCLUSION

This work evaluates the effect of Monoethylene Glycol in hydrate management and its optimum
concentrations for hydrate formation prevention in gas transmission pipeline. A simulation based
approach was adopted and OLGA Dynamic Multiphase flow simulator and Multiflash fluid model modelling
package were used. The findings revealed that the increase in the mass percent of the MEG increases the length
of unstability of the hydrate formation along the pipeline. Additionally, it showed that increase in the mass
concentration of the MEG decreases the volume fraction of hydrate formed in the pipeline, and 45 percent
mass concentration of MEG inhibited hydrate formation in the gas mixture.
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