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Abstract

The project involves developing an Excel model and HYSY'S simulation of gas gather-
ing station and gas dehydration process to obtain optimum parameters for the process, the
product purity and recovery of the gas being separated.The dehydration is an important
process in gas processing. The gas is dehydrate to avoid dangers associated with pipeline
transport and processing of wet gas. The problem includes corrosion, water condensation
and plug created by ice or gas hydrates.Gathering system is a typical representation of
complex heterogeneous industrial system, which is not only an important oilfield produc-
tion facility system for gathering and transporting oil and gas, but also a key section to
realize the function of oil and water separation. Crude Oil is separated here into oil, gas

and water.Received gas is further treated by gad dehydration process.



Nomenclature

Vertical vessel cross sectional area

Downcomer cross sectional area ft?

vessel diameter

Total cross sectional area

drag coefficient dimensionless

dia ,in (iner or outlet vapor/liquid as specified)
droplet dia ft or microne

Vapor disengagement dia ft

gravitational constant 32.17 ft/s2

height, ft

liquid level above baffle in or ft

holdup height ft

height from liquid interface to LL nozzle ft
light layer thickness in

light liquid height in vessel

mist eliminator to top tan. Height ft.

Stokes law terminal velocity constant (in/min) (cp)(Ib/ft3)
Terminal velocity constant

Vapor /liquid separation minimum length ft
Pressure ,psig or psia



Abbreviation

GGS
CTF
GCP
GCS
ETP
FWKOD
IDBH
BTEX

Gas gathering Station

Combine tank form

Gas compressor plant

Gas collection station

Effluent treatment plant

Free Water Knock out Drum

Indrict bath heater for LP Header

Benzene, Toluene, Ethyl benzene and Xylene
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Chapter 1

INTRODUCTION

GGS (gas gathering station) is an installation which receives oil through manifolds from its
different assigned fields. QOil is separated here in the form of oil, gas and water. Separated
oil is sent to CTF for further treatment, separated gas is sent to GCP through GCS in
order to receive back compressed gas for gas injection programme for gas lift wells. Gas
from GGS is sent at 2-3 kg/m2 and received back at 41 kg/m2. Effluent water is sent to
ETP and then to CWIP for its further treatment. This treated water finally from CWIP
is sent back to GGS after its treatment to impart water injection programme for different

wells. Both water injection and gas injection programmes are carried out and controlled

by GGS [1].
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Figure 1.1: Process Flow Diagram of GGS
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1.1 Capacity of the gas gathering system:

Total oil processing capacity is 1900-2000m3/day

o It receives 20000 m3/day of gas at 6 kg/m2 for gas injection in gas lift wells.
o It receives oil from 110 wells.

e Crude oil is dispatched at the pressure of 5-10kg/cm2 to CTF.

1.2 Manifold

Purpose:

1. To group the wells based on their pressure.
2. To group the wells based on quality of oil, i.e. pure or emulsion
3. To isolate any wells for testing purpose.

4. To divert wells to the required header through operation of valves

1.3 Separator

Purpose:

To flash the well fluid to separate into liquids and gas at a controlled pressure.Fluid
enters tangentially and due to the sudden pressure drop to the set level the fluid gets
separated into liquid and gases. Baffles are fitted inside the separator to help in better
separation of fluid. The fluid is given residence time to allow better separation.

1.4 Storage system

Purpose:

1. To store oil before pumping

2. To measure oil produced

Process: From heater treater and separator is taken into overhead cylindrical tanks for
measurement

1.5 Oil despatch system

Purpose:
To dispatch oil from GGS to CTF.
Process: Oil is pumped from storage tanks to CTF by reciprocating pumps.
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1.6 Chemical dosing system

Purpose:

To mix demulsifier chemicals into emulsion oil before it enters heater treater.

Process: Demulsifier chemical is pumped into emulsion oil stream before heater treater.to
obtain optimum results proper dosing element should be injected.

1.7 Heater treater

Purpose:
Demulsification of oil into oil and water by chemical thermal and electrical means.
Process: Basically there are three sections in heater treater.

1. Heating chamber
2. Middle chamber

3. Electrical chamber

1. Heating chamber- the fire tubes which extends up to this section are in a submerged
condition in emulsion oil. The heating of oil emulsion oil decreases the viscosity of oil
and water and reduce the resistance of water movement. The heat further reduces
the surface tension of individual droplets by which when they collide form bigger
droplets. This progressive action results in the separation of oil and free water.

2. Middle chamber- the fluids from heating enter into this chamber through fixed
water. It does not allow gas pass into electrical chamber. The gas which enters
heating chamber leaves from top through mist extractor. The oil in this chamber is
controlled by oil level controller.

3. Electrical chamber- In this section constant level of water is maintained so that
oil is washed and free water droplets of water are eliminated before fluid proceeds
towards electrode plates. These plates are connected with high voltage supply of
10,000 to 25,000 volts. When fluid passes through these electrodes the droplets are
polarizes and extract each other. This attraction causes the droplets to combine;
they become large enough to settle into oil and water layers by the action of gravity.

1.8 Effluent disposal system

Purpose:
To dispose efluent water from efluent handling tanks to efluent treatment plant.
Process: Effluent water is disposed by pumping effluent to effluent treatment plant
through pipeline.
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1.9 Water injection manifold

Process:

To divert water in water injection wells.

To monitor water injection in water injection wells.

Purpose: Water coming from water injection plant is diverted to different water injec-
tion wells through different lines of wells.

1.10 LP Header

In the proposed GGS receives well fluid from the wells. The LP header consists of 70
fingers (60 nos. : 4”7 & 10 nos. : 8”). For better flow & separation, the well fluid from
LP header is heated in Indirect Bath Heaters i.e. part of Indirect Bath Heater Package
prior to separation process. Heated well fluid from the Indirect Bath Heaters are routed
to two phase LP Separators where gas and liquid are separated. Separated liquid (Oil
+ Water) is collected in Free Water Knock out Drum (FWKOD) to separate free water
before being fed to the Heater Treaters Package . Gas from the LP Separators is passed
through LP Gas Scrubber to separate the entrained liquid. The gas from the separators
is also utilized as fuel gas for blanketing in Heater treaters. Gas from LP Gas Scrubber
is routed to internal consumers, Gas Compressors. , Condensate from LP Compressor
Package, Liquid from LP Scrubber and liquid from Skim oil tanks are collected in Free
Water Knock Out Drum (FWKOD) mainly to provide retention time for separation of
free water if any before being fed to the Heater Treaters Package .

1.11 HP Header

In the proposed set up, the HP header consists of 60 fingers (60 nos. : 4”). The well fluid
received through HP header are routed to vertical two phase HP separator where gas and
liquid are separated. Gas from the HP Separator is passed through HP Gas Scrubber to
separate the entrained liquid. Gas from HP Gas Scrubber is routed to internal consumers.
Provision is also kept for routing the gas to, external consumers & LP gas Compressor
Package. Liquid from the HP Separator & HP Gas Scrubber is routed to LP Separatorsand
thus joins the LP stream for further processing.

1.12 Test Header

In the proposed set up test header consists of 60 fingers (60 nos. : 4”). For better
flow & separation, the well fluid through two streams from test header is heated in dual
coil Indirect Bath Heater i.e. part of Indirect Bath Heater Package prior to separation
process. Heated well fluid of 1st stream from dual coil Indirect Bath Heater is routed to
two phase test separator where gas and liquid are separated. Provision is also kept to
bypass bath heater and route the fluid directly to the test separator. Separated liquid
(Oil + Water) is collected in Test tanks . Similarly, heated well fluid of 2nd stream from
dual coil Indirect Bath Heater is routed to two phase test separator where gas and liquid
are separated. Provision is also kept to bypass bath heater and route the fluid directly
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to the test separator. Separated liquid (Oil + Water) is collected in Test tanks . From
Test Tanks , the liquid is pumped by Recycle pumps to Free Water Knock out Drum
(FWKOD) .Gas from the Test Separators is routed to LP Gas Scrubber to separate the
entrained liquid. Gas from LP Gas Scrubber is routed to internal consumers and LP gas
Compressor Package .

1.13 Activation Header

In the proposed set up, new Activation header i.e. part of well manifold receives well
fluidfrom the wells field. The activation header consists of 60 fingers (60 nos. : 47).The
well fluid from activation header is routed to two phase activation separator where gas
and liquid are separated. Separated liquid (Oil + Water) is collected in activationtank.
From activation Tank, the liquid is pumped by Recycle pumpsto Free Water Knock out
Drum (FWKOD).Gas from the activation Separator is routed to flare.

1.14 Oil/Water/Gas Processing

Separated liquid (Oil + Water) from LP separators, Liquid emulsion , Recycle from
activation tank, Recycle from Test Tanks, Condensate from LP Compressor Package,
Liquid from LP Scrubber and liquid from Skim oil tanks are collected in Free Water Knock
Out Drum (FWKOD) mainly to provide retention time for separation of free water if any
before being fed to the Heater Treaters Package. Free water separated in 1st chamber
of FWKOD is pumped by Effluent Transfer Pumps to Effluent Wash Tanks located in
ETP for further processing. The oil4+ water emulsion from 1st chamber flows towards 2nd
chamber of FWKOD from where it is pumped by Heater Treater Feed pumps to Heater
Treater Package. Provision is also kept to bypass FWKOD in case of emergency power
failure to Effluent transfer pumps and Heater treater feed pumps. Further separation of
water is achieved in Heater treaters where oil & water emulsion get breaks and desired
phase separation is achieved. Produced Water separated in the Heater Treater Package
is also routed to Effluent Wash Tanks. Oil layer accumulated in wash tanks is routed by
gravity to skim oil tanks. Oil from skim oil tanks is routed back to FWKOD by Skim Oil
Transfer Pumps . Oil from Heater Treater Package is routed to Oil Storage Tanks. The
Storage tanks is having one discharge headers i.e. Oil Dispatch Header. During normal
operation oil is pumped to CTF by Oil Dispatch Pumps through pipeline. If off-spec. oil
is received in oil storage tanks from Heater Treaters, the off-spec. oil is recycled back to
Heater Treater Package by using one of the oil dispatch Pumps . Demulsifier dosing is
done at the downstream of the Indirect Bath Heaters and inlet of the Heater Treaters.
AntiScalent dosing is done at the manifold.

1.15 Water in gas

Water is a problem in the gas phase, both in gas processing and in pipeline transport.
The main problems with water in gas are:

e Corrosion
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o Liquid water formation
o Ice formation
o Hydrate formation

In pipelines where it is known that the gas is wet, the problem can be countered. If it
is known in the design phase the pipeline can be designed with more corrosion resistant
materials or increased material thickness. If the problem occurs during production, the
problem can be minimized by injecting inhibitors into the gas. In dry gas pipelines the
problems ought not to occur, but can occur in case of insufficient dehydration. If not
discovered the problems are more serious here, because the pipelines are not designed for
these conditions. When discovered inhibitors can be added until adequate dehydration
is available again. Liquid water in the pipeline is a problem, not only concerning liquids
in compressors, but also a problem because the liquid water can create liquid plugs and
increase corrosion. Ice formation is only a problem when the temperatures are adequately
low for ice to form. Ice is especially a problem in process equipment and valves, where
the ice can create blockages. Ice are manly a problem in low temperature gas treatment
like NGL recovery and gas liquefaction (see section 2.3). When low temperature gas
treatment is utilized ultralow water contents are required, making the requirements for
the dehydration process more stringent. Although ice is a problem, gas hydrates are often
more troublesome.

1.16 Gas hydrates

Gas hydrates are crystals of natural gas and water which can appear fare above the tem-
perature where ice is formed. Gas hydrates are a caged structure containing a gas molecule
like methane, the cage is formed by water through hydrogen bonding, as illustrated in
Figure 1-2. Because the gas hydrate crystals are similar to ice crystals, the problems with
gas hydrates are similar to those with ice, although gas hydrates are more troublesome
because of the higher formation temperature. Because hydrates can form in pipelines,
large amounts of hydrates can be in the gas Simultaneously; this can create plugs in the
pipeline. Because of the potentially high hydrate contents in the gas the blockage can
arise within minutes without any prior warning.

Figure 1.2: Gas Hydrates
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1.17 Prevention

Because of the potential dangers from gas hydrates they must be prevented.
There are several methods to prevent gas hydrate formation, they are:

o Gas dehydration

o Raising the temperature
e Reducing the pressure

e Adding inhibitors

Gas dehydration is the most efficient way to prevent hydrate formation, but there may
be practical limitation to the use of dehydration, e.g. one central dehydration unit. Gas
dehydration will be treated further in section 2. If the gas stream cannot be dehydrated,
one of the other prevention methods must be used. Raising the temperature of a pipeline
is very impractical, likewise is reducing the pressure, because such a reduction will reduce
the pipeline flow. The only practical solution is therefore to ad inhibitors to the gas.

1.18 Inhibitors

Inhibitors acts as antifreeze in the gas, the usual inhibitors are:
e Alcohols
e Glycols

Methanol and monoethylene glycol (MEG) are the most commonly used inhibitors, low
doses are often injected continuously in pipeline where hydrate formation is a problem.
Higher doses of especially methanol are used temporally to dissolve hydrate plugs. MEG
is more viscous than methanol, but has the advantage of being easier to regenerate from
the gas than methanol, because methanol regeneration is usually not feasible. MEG is the
most commonly used glycol, because it is more efficient at a given mass concentration than
diethylen glycol (DEG). DEG may nevertheless be used as inhibitor in the pipeline, but
only if DEG also is the glycol used in the dehydration process afterwards. The different
glycols are treated more thoroughly in section 2.4.

There are other possible inhibiters that prevent hydrate formation they are:
o Salts

e Ammonia

e Monoethanolamine

Salts are very rarely used because of the risk of corrosion and deposits. Ammonia is
corrosive, toxic and can form solid deposits of carbonates obtained with carbon dioxide
and water. Monoethanolamine is only attractive if it after pipe transport is used (and
thereby recovered) for gas sweetening.
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1.19 Gas treatment

The purpose of gas treatment is to clean the gas for unwanted impurities and get it to the
desired condition before it is exported. The composition of the gas is the decisive factor
for which gas treatment procedures that are used. The most common cleaning procedures
are gas sweetening, dehydration and hydrocarbon recovery; more seldom treatments can
be removal of inorganic elements. The purpose of cleaning the gas of its impurities is to
improve the gas quality, avoid dangers to the process plant or pipeline from e.g. corrosion
or enable the gas to be brought to the desired export condition. After purification usually
only compression is required, for the gas to reach its desired export condition. In rare
cases the desired export condition could require liquefaction of the gas.

1.20 (Gas sweetening

To minimize corrosion it is often necessary to remove acid components in the gas. It is
manly CO2 and H2S that are removed, although in some cases other sulphur components
are present in the gas and must therefore also be removed. The most common sweetening
procedure is absorption of the acid, with amines in an aqueous solution. Afterwards the
rich amine solution is regenerated before it can be reused. Because the amines are in an
aqueous solution, the sweet gas will be water saturated. Amine sweetening must therefore
be conducted before gas dehydration. Absorption is the most common procedure, but
other procedures can also be used. e.g. membrane processes if only carbon dioxide are to
be removed.

1.21 Dehydration

The problems with wet gas have already been described in section 2.1, where dehydra-
tion was deemed to be the most efficient way to solve the problems associated with wet
gas. Dehydration is usually done by absorption, although other processes like adsorp-
tion, membrane processes and refrigeration may be used. The dehydration process will
be described in section 2.

1.22 Hydrocarbon recovery

In gas with a high content of C2+ components, there is a risk of NGL (Natural Gas
Liquids) formation. NGL may be removed from the gas to avoid liquid in the pipeline or
to sell the more expensive NGL separately, instead of as a part of the gas. Hydrocarbon
recovery is performed by cooling the gas below its dew point temperature, condensing
the more heavy hydrocarbons in the gas, the condensed liquid is then removed in a
separator. The easiest way to cool the gas is in heat exchangers; this is most efficient at
high pressure. Hydrocarbon recovery by cooling with heat exchangers may not yield the
desired gas purity depending on the initial composition. In these cases the temperature
can be lowered further by flashing the gas in a Jules-Thompson valve or in a turbo-
expander. Because of the low temperatures achieved by flashing the gas, low water content
is essential to prevent ice formation. Further improvements in hydrocarbon recovery can
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be achieved by distilling the liquid from the NGL recovery, thus recovering the methane
condensed in this treatment.

1.23 Inorganic contents

If the gas quality is below pipeline quality because of contamination by inorganic elements,
it is necessary to remove these impurities. Some of the inorganic components are only
present in trace amounts, but can none the less create problems. The most common
inorganic component is nitrogen, the nitrogen contents might be high, either naturally
or if nitrogen is used for injection into the reservoir to improve hydrocarbon recovery.
Nitrogen can be recovered by cryogenic distillation, adsorption or membrane separation.
Radon may be present in the gas, it is radioactive, but with a half-life of 3.8 days the
health problems from radon is minimal. The problem is that it decays into radioactive
lead, which eventually will turn into non-radioactive lead. The result is that low-level
radioactive materials will sediment in the process equipment and pipes; this constitutes
a problem because cleaning produces radioactive waste.

1.24 Other contaminants

Benzene, Toluene, Ethyl benzene and Xylene (BTEX) are a problem because of environ-
mental concerns. BTEX is removed from the gas during glycol dehydration, a smaller
amount BTEX may also be removed during gas sweetening. When the glycol is regener-
ated the BTEX will be removed with the water, and thereby be vented to the atmosphere.
BTEX are also a problem in cryogenic gas treatment because they can freeze like water.
BTEX can not be removed from the gas before the dehydration. The BTEX problem can
be reduced by using a light glycol, because BTEX is more solvable in larger glycols. Al-
ternatively the vented gas from the glycol regenerator can be flared or treated to remove
the BTEX before it is vented to the atmosphere.

1.25 Compression

The gas is compressed from the process pressure to the pipeline pressure in one or more
steps, depending on the pressure difference. After each compression the gas is cooled and
condensed liquids are separated off.

1.26 Liquefaction of the gas

Liquefied natural gas is an advantage when gas is stored or transported by non pipeline
transport. Liquefaction of methane requires extensive refrigeration to temperatures as
low as -161 °C. A very low water contents are therefore required. Liquefied natural gas is
an advantage when gas is stored or transported by non pipeline transport. Liquefaction
of methane requires extensive refrigeration to temperatures as low as -161 °C. A very low
water contents are therefore required.
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1.27 Water treatment

Unlike oil , gas and water treatment is an environmental issue. Water is a waste product in
oil and gas production; therefore it is used for well injection. When water is separated off
in the three-phase separation it still has a small hydrocarbon contents. This hydrocarbon
contents constitutes no problem when the water is used for well injection, only when it
is released into the well. Because of environmental concerns the hydrocarbons needs to
be removed from the water so the contents is below the threshold limit value for water
released into the well. The hydrocarbons in the water are oil that did not separate off in
the separators and dissolved gas. First the oil is removed using hydro cyclones; the oil is
lead back to the separator system. The gas is removed from the water by decreasing the
