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(54)
COMPRESSOR CLEANING METHOD

(57) A compressor system includes a compressor
(50) configured to compress a gas, a compressed gas
circulation unit (52) in which a gas compressed by the
compressor (50) circulates, a hydrate anti freezing agent
supply unit (53) configured to supply a hydrate anti freez-
ing agent for preventing hydration of the gas to the com-
pressed gas circulation unit (52), a compressor hydrate

COMPRESSOR SYSTEM, SUBSEA PRODUCTION SYSTEM PROVIDED THEREWITH, AND

anti freezing agent supply unit (54) configured to supply
part of the hydrate anti freezing agent supplied from the
hydrate anti freezing agent supply unit (53) to the com-
pressor (50), and a pressure changing unit (59) config-
ured to change a pressure of the hydrate anti freezing
agent inside the compressor (50).
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Description
[Technical Field]

[0001] The presentinvention relates to a compressor
system, a subsea production system provided therewith
and a compressor cleaning method.

[Background Art]

[0002] Insubsea production systems configured to ex-
tract submarine resources, production fluids mixed with
crude oils and natural gases are drawn from production
wells drilled to a depth of several thousand meters in the
seabed. In the subsea production systems, the drawn
production fluids are separated into gases such as nat-
ural gases and liquids such as crude oils by a separator
such as a scrubber and are then sent to a ship on the
sea surface through flow lines that extend under the sea.
In this case, in order to send gases such as natural gases
to a ship on the sea surface, a compressor installed in
the seabed is used.

[0003] Inthe compressorinstalled in the seabed in this
manner, according to continuous operations, sediments
accumulate in internal flow paths through which natural
gases circulate. As a result, a flow rate of natural gases
that can circulate in the internal flow paths decreases
and efficiency of the compressor decreases.

[0004] Forsuch acompressor, for example, a cleaning
method in which some condensates that are hydrocar-
bons contained in liquids separated out in the separator
are supplied to the compressor for cleaning is disclosed
in Patent Literature 1. In the compressor cleaning meth-
od, the condensates decompose and remove sediments,
and thus internal flow paths of the compressor are
cleaned.

[Citation List]
[Patent Literature]

[0005] [Patent Literature 1] PCT International Publica-
tion No. WO 2013/185801

[Summary of Invention]
[Technical Problem]

[0006] However, in the above-described cleaning
method, condensates harvested from production wells
are used. Therefore, there is arisk of a necessary amount
of condensates notbeing reliably harvested from produc-
tionwells. As aresult, thereis a problemin thatitis difficult
to reliably clean the compressor.

[0007] The present invention provides a compressor
system capable of reliably cleaning a compressor, a sub-
sea production system provided therewith, and a com-
pressor cleaning method.
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[Solution to Problem]

[0008] In order to address the above problems, the
present invention proposes the following solutions. A
compressor system according to an aspect of the present
invention includes a compressor configured to compress
a gas; a compressed gas circulation unit in which a gas
compressed by the compressor circulates; a hydrate anti
freezing agent supply unit configured to supply a hydrate
anti freezing agent for preventing hydration of the gas to
the compressed gas circulation unit; a compressor hy-
drate anti freezing agent supply unit configured to supply
part of the hydrate anti freezing agent supplied from the
hydrate anti freezing agent supply unit to the compressor;
and a pressure changing unit configured to change a
pressure of the hydrate anti freezing agent inside the
compressor.

[0009] In such a configuration, using the hydrate anti
freezing agent supplied from the hydrate anti freezing
agent supply unit to the compressed gas circulation unit
in order to prevent hydration of the gas compressed by
the compressor, it is possible to effectively remove sed-
iments that are precipitated inside the compressor. When
part of the hydrate anti freezing agent supplied from the
hydrate anti freezing agent supply unitto the compressed
gas circulation unitis used, itis possible to reliably supply
a necessary amount of the hydrate anti freezing agent
to the compressor. When a pressure of the hydrate anti
freezing agent inside the compressor is changed by the
pressure changing unit, the hydrate anti freezing agent
inside the compressor can be stirred. Therefore, itis pos-
sible to clean the inside of the compressor effectively
using the hydrate anti freezing agent.

[0010] The above compressor system may include a
gas discharge unit configured to discharge the gas inside
the compressor. The compressor hydrate anti freezing
agent supply unit may supply the hydrate anti freezing
agenttothe compressorfrom which the gas is discharged
by the gas discharge unit.

[0011] In such a configuration, while a gas is dis-
charged and almost none thereof remains inside, the hy-
drate anti freezing agent is supplied to the compressor
and a pressure is changed by the pressure changing unit.
Therefore, it is possible to prevent the hydrate anti freez-
ing agent supplied into the compressor from being diluted
by the gas. Accordingly, it is possible to efficiently use
the hydrate anti freezing agent supplied from the com-
pressor hydrate anti freezing agent supply unit for clean-
ing the compressoranditis possible to minimize a supply
amount of the hydrate anti freezing agent.

[0012] The above compressor system may include a
storage unit configured to store the hydrate anti freezing
agentinside the compressor. The pressure changing unit
may change a pressure of the hydrate anti freezing agent
that is stored by the storage unit.

[0013] In such a configuration, while the hydrate anti
freezing agent is stored inside the compressor by the
storage unit, when a pressure is changed by the pressure
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changing unit, it is possible to efficiently stir the hydrate
anti freezing agent inside the compressor. Therefore, it
is possible to clean the inside of the compressor by using
the hydrate anti freezing agent more effectively. When
cleaning is performed without discharging the hydrate
anti freezing agent from the compressor, it is possible to
reduce a supply amount of the hydrate antifreezing agent
to the compressor and perform cleaning of the compres-
Sor.

[0014] The above compressor system may include a
control unit configured to perform supply control such
that, when predetermined conditions are satisfied, the
compressor hydrate anti freezing agent supply unit starts
supply of the hydrate anti freezing agent to the compres-
Sor.

[0015] In such a configuration, when the control unit
performs supply control of the hydrate anti freezing
agent, it is possible to limit supply of the hydrate anti
freezing agent to the compressor thatis in a state in which
cleaning is necessary. Therefore, it is possible to effi-
ciently use the hydrate anti freezing agent supplied from
the compressor hydrate anti freezing agent supply unit
for cleaning the compressor and it is possible to further
minimize a supply amount of the hydrate anti freezing
agent.

[0016] In the above compressor system, the control
unit may include a first reference determination unit con-
figured to determine whether a difference between char-
acteristic values of the gas on an inlet side of the com-
pressor and an outlet side of the compressor satisfies a
predetermined first reference, and a supply start instruc-
tion unit configured to send an instruction to the com-
pressor hydrate anti freezing agent supply unit to start
supply of the hydrate anti freezing agent to the compres-
sor when the first reference determination unit deter-
mines that the first reference is satisfied.

[0017] In such a configuration, when a difference be-
tween characteristic values of a gas on the inlet side and
the outlet side of the compressor is calculated and the
first reference determination unit compares the differ-
ence with a predetermined first reference for determina-
tion, it is possible to easily determine whether the com-
pressorisinastate in which cleaningis necessary. Based
on the determination result, when the supply start instruc-
tion unit starts supply of the hydrate anti freezing agent
to the compressor, it is possible to perform cleaning of
the compressor. Therefore, it is possible to determine
whether the compressor is in a state in which cleaning
is necessary with high accuracy and it is possible to fur-
ther limit supply of the hydrate anti freezing agent. There-
fore, for the compressor for which cleaning is necessary,
it is possible to more efficiently supply the hydrate anti
freezing agent from the compressor hydrate anti freezing
agent supply unit and it is possible to further minimize a
supply amount of the hydrate anti freezing agent.
[0018] The above compressor system includes a heat-
ing unit configured to heat the hydrate antifreezing agent.
The compressor hydrate anti freezing agent supply unit
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may supply the hydrate anti freezing agent heated by the
heating unit to the compressor.

[0019] In such a configuration, when the heating unit
is provided, it is possible to supply the high temperature
hydrate anti freezing agent to the compressor. It is pos-
sible to improve solubility of sediments due to the hydrate
anti freezing agent that is heated to a high temperature.
Therefore, it is possible to increase a dissolution rate of
sediments accumulated in the compressor and effective-
ly clean the compressor.

[0020] The above compressor system may include a
heating unit configured to heat the hydrate anti freezing
agent. The control unit may include a second reference
determination unit configured to determine whether a dif-
ference between characteristic values of the gas on the
inlet side of the compressor and the outlet side of the
compressor satisfies a predetermined second reference
after supply of the hydrate anti freezing agent to the com-
pressor starts, and a heat supply instruction unit config-
ured to send an instruction to the compressor hydrate
anti freezing agent supply unit to supply the hydrate anti
freezing agent heated by the heating unit to the compres-
sor when the second reference determination unit deter-
mines that the second reference is satisfied.

[0021] In such a configuration, when a difference be-
tween characteristic values of a gas on the inlet side and
the outlet side of the compressor is calculated and the
second reference determination unit compares the dif-
ference with the second reference for determination, it is
possible to easily determine again whether the compres-
soris in a state in which cleaning is necessary. Therefore,
for example, it is possible to easily determine whether
the compressor is in a state that is different from the state
determined using the first reference. Based on the de-
termination result, when the heat supply instruction unit
sends an instruction to supply the hydrate anti freezing
agent heated by the heating unit to the compressor, it is
possible to more effectively clean the compressor using
the hydrate anti freezing agent that is heated to a high
temperature. Therefore, it is possible to perform greater
cleaning on the compressor as necessary. Therefore,
when the compressor is in a state in which greater clean-
ing is necessary, it is possible to efficiency supply the
heated hydrate anti freezing agent and clean the com-
pressor more efficiently.

[0022] A subsea production system accordingtoasec-
ond aspect of the present invention includes the com-
pressor system and a separator configured to separate
a production fluid drawn from a production well into the
gas and a liquid and supply the result to the compressor.
[0023] In such a configuration, it is also possible to re-
liably and efficiently clean the compressor that is installed
at a position at which maintenance is difficult, for exam-
ple, in the seabed. Therefore, it is possible to prevent
clogging due to sediments and it is possible to reliably
send the gas through the compressor.

[0024] A compressor cleaning method according to a
third aspect of the present invention is a compressor
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cleaning method in which a compressor configured to
compress a gas is cleaned. The compressor cleaning
method includes a gas discharging process in which the
gas inside the compressor is discharged; a compressor
hydrate anti freezing agent supply process in which part
of a hydrate anti freezing agent for preventing hydration
of the gas supplied to a compressed gas circulation unit
in which a gas compressed by the compressor circulates
is supplied to the compressor from which the gas is dis-
charged in the gas discharging process; and a pressure
changing process in which a pressure of the hydrate anti
freezing agent inside the compressor is changed.
[0025] In such a configuration, in the compressor hy-
drate anti freezing agent supply process, without newly
preparing and supplying the hydrate anti freezing agent,
part of the hydrate anti freezing agent supplied to the
compressed gas circulation unit is used. Therefore, it is
possible to reliably supply a necessary amount of the
hydrate anti freezing agent to the compressor. In the gas
discharging process, a gas is discharged from the com-
pressor to the outside. Therefore, in the pressure chang-
ing process, while a gas is discharged and almost none
remains inside, a pressure of the hydrate anti freezing
agentinside the compressor can be changed by the pres-
sure changing unit. Therefore, it is possible to prevent
the hydrate anti freezing agent supplied into the com-
pressor from being diluted by the gas, and the hydrate
anti freezing agent inside the compressor can be stirred.
As a result, it is possible to clean the inside of the com-
pressor by effectively and efficiently using the hydrate
anti freezing agent. Therefore, it is possible to efficiently
use the supplied hydrate anti freezing agent for cleaning
the compressor and it is possible to reliably and effec-
tively clean the compressor while minimizing a supply
amount of the hydrate anti freezing agent.

[0026] The above compressor cleaning method may
include a storing process in which the hydrate anti freez-
ing agentis stored inside the compressor. In the pressure
changing process, a pressure of the hydrate anti freezing
agent stored in the storing process may be changed.
[0027] In such a configuration, while the hydrate anti
freezing agentis stored inside the compressor in the stor-
ing process, when a pressure is changed by the pressure
changing unit, it is possible to efficiently stir the hydrate
anti freezing agent inside the compressor. Therefore, it
is possible to clean the inside of the compressor by using
the hydrate anti freezing agent more effectively. When
cleaning is performed without discharging the hydrate
anti freezing agent from the compressor, it is possible to
reduce a supply amount of the hydrate antifreezing agent
to the compressor and perform cleaning of the compres-
sor.

[0028] The above compressor cleaning method may
include a first reference determining process in which it
is determined whether a difference between character-
istic values of the gas on an inlet side of the compressor
and an outlet side of the compressor satisfies a prede-
termined first reference, and a supply start process in
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which, when it is determined in the first reference deter-
mining process that the first reference is satisfied, supply
of the hydrate anti freezing agent to the compressor
starts.

[0029] In such a configuration, when a difference be-
tween characteristic values of a gas on the inlet side and
the outlet side of the compressor is calculated and the
difference is compared with the first reference in the first
reference determining process for determination, it is
possible to easily determine whether the compressor is
in a state in which cleaning is necessary. Based on the
determination result, in the supply start process, it is pos-
sible to start supply of the hydrate anti freezing agent to
the compressor and it is possible to perform cleaning of
the compressor. Therefore, it is possible to determine
whether the compressor is in a state in which cleaning
is necessary with high accuracy and it is possible to fur-
ther limit supply of the hydrate anti freezing agent. There-
fore, for the compressor for which cleaning is necessary,
it is possible to more efficiently supply the hydrate anti
freezing agent supplied from the compressor hydrate anti
freezing agent supply unit and it is possible to further
minimize a supply amount of the hydrate anti freezing
agent.

[0030] The above compressor cleaning method may
include a second reference determining process in
which, after supply of the hydrate anti freezing agent to
the compressor starts, it is determined whether a differ-
ence between characteristic values of the gas on the inlet
side of the compressor and the outlet side of the com-
pressor satisfies a predetermined second reference, and
a heat supply process in which, when it is determined in
the second reference determining process that the sec-
ond reference is satisfied, the heated hydrate anti freez-
ing agent is supplied to the compressor.

[0031] In such a configuration, when a difference be-
tween characteristic values of a gas on the inlet side and
the outlet side of the compressor is calculated and the
difference is compared with the second reference in the
second reference determining process for determination,
itis possible to easily determine again whether the com-
pressor is in a state in which cleaning is necessary.
Therefore, for example, it is possible to easily determine
whether the compressor is in a state that is different from
the state determined using the first reference (for exam-
ple, whether greater cleaning is necessary for the com-
pressor). Based on the determination result, in the heat
supply process, when the hydrate anti freezing agentthat
is heated to a high temperature is supplied to the com-
pressor, it is possible to more effectively clean the com-
pressor. Therefore, itis possible to perform greater clean-
ing on the compressor as necessary. Therefore, when
the compressor is in a state in which greater cleaning is
necessary, it is possible to efficiency supply the heated
hydrate anti freezing agent and clean the compressor
more efficiently.
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[Advantageous Effects of Invention]

[0032] According to the present invention, when part
of the hydrate anti freezing agent supplied to the com-
pressed gas circulation unit in which a compressed gas
circulates is supplied into the compressor and a pressure
is changed, itis possible to efficiently clean the compres-
sor.

[Brief Description of Drawings]
[0033]

Fig. 1 is a diagram schematically showing a subsea
production system in an embodiment of the present
invention.

Fig. 2 is a systematic diagram showing a subsea
module in an embodiment of the present invention.
Fig. 3 is a block diagram showing a control unit in an
embodiment of the present invention.

Fig. 4 is a flowchart showing a compressor cleaning
method in an embodiment of the present invention.

[Description of Embodiments]

[0034] Hereinafter, embodiments according to the
present invention will be described with reference to Fig.
1 to Fig. 4. A subsea production system 1 according to
an embodiment of the presentinvention is a subsea pro-
duction system that is one for ocean oil and gas field
development methods. As shown in Fig. 1, the subsea
production system 1 includes a production well W for
harvesting a production fluid PF mixed with crude oil O,
natural gas G and the like extracted from an oil gas field
F that is located several hundreds to thousands of meters
from the seabed, a manifold M for collecting and distrib-
uting the production fluid PF harvested in the production
well W, a flow line FL that is a pipe through which the
production fluid PF distribute by the manifold M is con-
veyed, and a subsea module SM configured to separate
the production fluid PF conveyed through the flow line
FL into a liquid and a gas and send them to the sea sur-
face. The subsea production system 1 includes ariser R
thatis a pipe through which the crude oil O and the natural
gas G are conveyed to the sea surface from the subsea
module SM, an umbilical line AL that is a cable through
which power is supplied to the subsea module SM and
the like, and a ship S to which the riser R and the umbilical
line AL moored in the sea are connected and in which
the crude oil O and the natural gas G are stored.
[0035] The manifold M is installed in the vicinity of the
production well W of the oil gas field F in the seabed. The
manifold M is a device configured to collect and distribute
the extracted production fluid PF and convey it through
a plurality of flow lines FL.

[0036] The flow line FL is a pipeline through which the
production fluid PF is pressure-fed from the manifold M
to the subsea module SM according to pressure energy

10

15

20

25

30

35

40

45

50

55

of the oil gas field F.

[0037] The riser R extends from the subsea module
SM of the seabed to the ship S on the sea surface. In the
riser R of this embodiment, an oil pipeline OR through
which the crude oil O sent from the subsea module SM
is conveyed to a storage tank (not shown) disposed in
the ship S on the sea surface and a gas pipeline GR
through which the natural gas G sent from the subsea
module SM is conveyed to the storage tank are sepa-
rately provided. The riser R includes the gas pipeline GR
through which the natural gas G is supplied such that the
natural gas G is prevented from freezing due to hydration
in the seabed and a pipeline for a hydrate anti freezing
agent AR through which a hydrate anti freezing agent is
supplied from the ship S.

[0038] The umbilical line AL is a composite cable in-
cluding a power cable, a hydraulic cable and a signal
cable for controlling the subsea module SM. The umbil-
ical line AL sends power and signals from a generator
(not shown) in the ship S to the subsea module SM and
the manifold M.

[0039] The subsea module SM separates the produc-
tion fluid PF supplied through the flow line FL into a gas
and a liquid and pressure-feeds the gas and the liquid to
the sea surface. As shown in Fig. 2, the subsea module
SM of this embodiment includes a main heat exchanger
2 configured to cool the production fluid PF drawn from
the production well W, a separator 3 configured to sep-
arate the production fluid PF cooled in the main heat ex-
changer 2 into a gas and a liquid, a pump system 4 con-
figured to send the liquid separated out in the separator
3 to the riser R, and a compressor system 5 configured
to send the gas separated out by the separator 3 to the
riser R.

[0040] Themainheatexchanger 2 coolsthe production
fluid PF having a high temperature that is drawn from the
production well W and sent to the flow line FL to a tem-
perature at which the production fluid PF can be used in
the separator 3. The main heat exchanger 2 of this em-
bodiment cools the production fluid PF according to heat
exchange with low temperature seawater of the seabed.
[0041] The separator 3 separates the production fluid
PF into the natural gas G that is a gas and the crude oil
O that is a liquid. The separator 3 of this embodiment is
a scrubber. The separator 3 separates the natural gas G
and the crude oil O containing condensates from the pro-
duction fluid PF. The separator 3 sends the separated
crude oil O to the pump system 4. The separator 3 sends
the separated natural gas G to the compressor system 5.
[0042] The pump system 4 compresses the crude oil
O sentfrom the separator 3 and sends itto the oil pipeline
OR. As shown in Fig. 2, the pump system 4 includes a
pump 41 configured to compress the crude oil O, a liquid
circulation unit 42 configured to send the crude oil O from
the separator 3 to the pump 41, and a compressed liquid
circulation unit 43 in which the crude oil O compressed
by the pump 41 circulates.

[0043] The pump 41 compresses and sends out the
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received crude oil O. The liquid circulation unit 42 sup-
plies the crude oil O from the separator 3 to the pump
41. Specifically, the liquid circulation unit 42 of this em-
bodiment is a pipe that is connected from the separator
3 to the pump 41. The crude oil O circulates inside the
liquid circulation unit 42. The compressed liquid circula-
tion unit 43 sends the crude oil O compressed by the
pump 41 to the oil pipeline OR. Specifically, the com-
pressed liquid circulation unit 43 of this embodiment is a
pipe thatis connected from the pump 41 to the oil pipeline
OR. The compressed crude oil O circulates inside the
compressed liquid circulation unit 43.

[0044] The compressor system 5 compresses the nat-
ural gas G sent from the separator 3 and sends it to the
gas pipeline GR. As shown in Fig. 2, the compressor
system 5 includes a compressor 50 configured to com-
press the natural gas G, a gas circulation unit 51 config-
ured to send the natural gas G from the separator 3 to
the compressor 50, and a compressed gas circulation
unit 52 in which the natural gas G compressed by the
compressor 50 circulates. The compressor system 5 in-
cludes a hydrate anti freezing agent supply unit 53 con-
figured to supply a hydrate anti freezing agent for pre-
venting hydration of the natural gas G to the compressed
gas circulation unit 52, a compressor hydrate anti freez-
ing agent supply unit 54 configured to supply part of the
hydrate anti freezing agent supplied from the hydrate anti
freezing agent supply unit 53 to the compressor 50, and
a heating unit 55 configured to heat the hydrate antifreez-
ing agent. The compressor system 5 includes a storage
unit 56 configured to store the hydrate anti freezing agent
inside the compressor 50, a bypass supply unit 57 con-
figured to bypass the compressor 50 and supply the nat-
ural gas G to the compressed gas circulation unit 52, a
gas discharge unit 58 configured to discharge the natural
gas G inside the compressor 50, a pressure changing
unit 59 configured to change a pressure of the hydrate
anti freezing agent inside the compressor 50, and a con-
trol unit 60 configured to perform supply control such that
the compressor hydrate anti freezing agent supply unit
54 starts supply of the hydrate anti freezing agent.
[0045] Thecompressor 50 compresses the natural gas
G supplied from the gas circulation unit 51 disposed on
an upstream side in a circulation direction of the natural
gas G and conveys the compressed gas to the com-
pressed gas circulation unit 52 disposed on a down-
stream side. The compressor 50 of this embodiment is
a multistage centrifugal compressor including a plurality
of impellers.

[0046] The gas circulation unit 51 supplies the natural
gas G from the separator 3 to the compressor 50. Spe-
cifically, the gas circulation unit 51 of this embodiment is
a pipe that is connected from the separator 3 to the com-
pressor 50 as shown in Fig. 2. The natural gas G circu-
lates inside the gas circulation unit 51. The gas circulation
unit 51 of this embodiment includes an inlet side charac-
teristic value measuring unit 511 configured to measure
a characteristic value of the natural gas G on an inlet side
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of the compressor 50.

[0047] The inlet side characteristic value measuring
unit 511 measures a characteristic value of the natural
gas G that flows into the compressor 50. The inlet side
characteristic value measuring unit 511 is provided in the
vicinity of an inlet port of the compressor 50 of the gas
circulation unit 51. The inlet side characteristic value
measuring unit511 of this embodiment is a pressure sen-
sor that measures a pressure value as a characteristic
value. The inlet side characteristic value measuring unit
511 transmits the measured pressure value of the natural
gas G to the control unit 60.

[0048] The compressed gas circulation unit 52 sends
the natural gas G compressed by the compressor 50 to
the riser R. Specifically, the compressed gas circulation
unit 52 of this embodiment is a pipe that is connected
from the compressor 50 to the gas pipeline GR. The com-
pressed natural gas G circulates inside the compressed
gas circulation unit 52. The compressed gas circulation
unit 52 of this embodiment includes an outlet side char-
acteristic value measuring unit 521 configured to meas-
ure a characteristic value of the natural gas G (gas) on
an outlet side of the compressor 50.

[0049] The outlet side characteristic value measuring
unit 521 measures a characteristic value of the natural
gas G discharged from the compressor 50. The outlet
side characteristic value measuring unit 521 is provided
in the vicinity of an outlet port of the compressor 50 of
the compressed gas circulation unit 52. Similarly to the
inlet side characteristic value measuring unit 511, the
outlet side characteristic value measuring unit 521 of this
embodiment is a pressure sensor that measures a pres-
sure value as a characteristic value. The outlet side char-
acteristic value measuring unit 521 transmits the meas-
ured pressure value of the natural gas G to the control
unit 60.

[0050] The hydrate anti freezing agent supply unit 53
circulates the hydrate anti freezing agent supplied from
the ship S on the sea surface through the pipeline for a
hydrate anti freezing agent AR to the compressed gas
circulation unit 52. The hydrate antifreezing agent supply
unit 53 of this embodiment is a pipe that is connected
from the pipeline for a hydrate anti freezing agent AR to
the compressed gas circulation unit 52. The hydrate anti
freezing agent circulates inside the hydrate anti freezing
agent supply unit 53. The hydrate anti freezing agent
supply unit 53 is connected downstream from a position
at which the outlet side characteristic value measuring
unit 521 of the compressed gas circulation unit 52 is pro-
vided. Also, as the hydrate anti freezing agent of this
embodiment, a fluid having lipophilicity and hydrophilicity
is preferably used. As the hydrate anti freezing agent, for
example, monoethylene glycol used for preventing hy-
dration by preventing hydration of the natural gas G is
particularly preferably used.

[0051] The compressor hydrate anti freezing agent
supply unit 54 supplies part of the hydrate anti freezing
agent that flows in the hydrate anti freezing agent supply
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unit 53 to the compressor 50. Specifically, the compres-
sor hydrate anti freezing agent supply unit 54 of this em-
bodiment includes a supply pipe 541 that branches from
the hydrate anti freezing agent supply unit 53 and a sup-
ply valve 542 configured to adjust a flow of the hydrate
anti freezing agent that flows into the supply pipe 541.
[0052] The supply pipe 541 branches from the hydrate
anti freezing agent supply unit 53 and is connected to
the gas circulation unit 51. Specifically, the supply pipe
541 of this embodiment is connected to the gas circula-
tion unit 51 at a position that is on an upstream side rel-
ative to the inlet side characteristic value measuring unit
511 and a downstream side relative to a first circulation
valve 561 to be described below.

[0053] The supply valve 542 adjusts supply of the hy-
drate anti freezing agent into the supply pipe 541. Spe-
cifically, when the supply valve 542 of this embodiment
is closed, supply of the hydrate anti freezing agent into
the supply pipe 541 stops. When the supply valve 542 is
opened, supply of the hydrate anti freezing agent into the
supply pipe 541 starts. The supply valve 542 is a solenoid
valve whose opening and closing operations are control-
led by the control unit 60.

[0054] The heating unit 55 is provided in the compres-
sor hydrate anti freezing agent supply unit 54 and heats
the hydrate anti freezing agent. The heating unit 55 of
this embodiment is provided at a position that is on a
downstream side relative to the supply valve 542 of the
supply pipe 541 and at which the supply pipe 541 and
the liquid circulation unit 42 cross. When the signal is
input from the control unit 60, the heating unit 55 heats
the hydrate anti freezing agent using heat of the crude
oil O that flows in the pump system 4. Specifically, the
heating unit 55 heats monoethylene glycol which is a
hydrate anti freezing agent that flows in the supply pipe
541, for example, at an ambient temperature of about 20
°C to 50 °C, to a high temperature of 110 °C or higher.
[0055] The storage unit 56 stores the hydrate anti
freezing agent supplied from the compressor hydrate anti
freezing agent supply unit 54 inside the compressor 50.
The storage unit 56 of this embodiment includes the first
circulation valve 561 provided on the inlet side of the
compressor 50 and a second circulation valve 562 pro-
vided on the outlet side of the compressor 50.

[0056] The first circulation valve 561 adjusts supply of
the natural gas G inside the gas circulation unit 51. Spe-
cifically, the first circulation valve 561 of this embodiment
is provided on an upstream side relative to the inlet side
characteristic value measuring unit 511 of the gas circu-
lation unit 51. When the first circulation valve 561 of this
embodiment is closed, supply of the natural gas G into
the gas circulation unit 51 stops. When the first circulation
valve 561 is opened, supply of the natural gas G into the
gas circulation unit 51 starts. The first circulation valve
561 is a solenoid valve whose opening and closing op-
erations are controlled by the control unit 60.

[0057] Thesecond circulationvalve 562 adjusts supply
of the natural gas G and the hydrate anti freezing agent
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into the compressed gas circulation unit 52. Specifically,
the second circulation valve 562 of this embodiment is
provided on a downstream side relative to the outlet side
characteristic value measuring unit 521 of the com-
pressed gas circulation unit 52. When the second circu-
lation valve 562 of this embodiment is closed, supply of
the natural gas G and the hydrate anti freezing agent into
the compressed gas circulation unit 52 stops. When the
second circulation valve 562 is opened, supply of the
natural gas G and the hydrate anti freezing agent into
the compressed gas circulation unit 52 starts. The sec-
ond circulation valve 562 is a solenoid valve whose open-
ing and closing operations are controlled by the control
unit 60.

[0058] The bypass supply unit 57 supplies the natural
gas G that circulates in the gas circulation unit 51 to the
compressed gas circulation unit 52 without it passing
through the compressor 50. The bypass supply unit 57
of this embodiment includes a bypass pipe 571 that
branches from the gas circulation unit 51 and a bypass
valve 572 configured to adjust a flow of the natural gas
G that flows into the bypass pipe 571.

[0059] The bypass pipe 571 branches from the gas
circulation unit 51 and is connected to the compressed
gas circulation unit 52. Specifically, the bypass pipe 571
of this embodiment is connected to the gas circulation
unit 51 at a position on an upstream side relative to the
inlet side characteristic value measuring unit511 and the
first circulation valve 561. The bypass pipe 571 is con-
nected to the compressed gas circulation unit 52 at a
position on a downstream side relative to the outlet side
characteristic value measuring unit 521 and the second
circulation valve 562.

[0060] The bypass valve 572 adjusts supply of the nat-
ural gas G into the bypass pipe 571. Specifically, when
the bypass valve 572 of this embodiment is closed, sup-
ply of the natural gas G into the bypass pipe 571 stops.
When the bypass valve 572 is opened, supply of the nat-
ural gas G into the bypass pipe 571 starts. The bypass
valve 572 is a solenoid valve whose opening and closing
operations are controlled by the control unit 60.

[0061] The gas discharge unit 58 discharges the nat-
ural gas G and the hydrate anti freezing agent inside the
compressor 50 from the compressed gas circulation unit
52 to the outside. The gas discharge unit 58 of this em-
bodiment includes a discharge pipe 581 that branches
from the compressed gas circulation unit 52, a fluid in-
formation measuring unit 582 configured to measure in-
formation about a fluid that circulates in the discharge
pipe 581, and a discharge valve 583 configured to adjust
a flow of the natural gas G and the hydrate anti freezing
agent that flow in the discharge pipe 581.

[0062] Thedischarge pipe 581 branches from the com-
pressed gas circulation unit 52 and is connected to a
discharge port (not shown). Specifically, the discharge
pipe 581 of this embodiment branches from the com-
pressed gas circulation unit 52 at a position that is on a
downstream side relative to the outlet side characteristic
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value measuring unit 521 and an upstream side relative
to the second circulation valve 562.

[0063] The fluid information measuring unit 582 meas-
ures a type and a temperature of a fluid that circulates in
the discharge pipe 581. The fluid information measuring
unit 582 is provided on an upstream side of the discharge
valve 583 of the discharge pipe 581. The fluid information
measuring unit 582 of this embodiment is a sensor con-
figured to measure a type and a temperature of a fluid
that circulates in the discharge pipe 581. The fluid infor-
mation measuring unit 582 of this embodiment detects
whether a type of a fluid that circulates in the discharge
pipe 581 has changed and whether a temperature of a
fluid has changed and sends information to the control
unit 60. Specifically, the fluid information measuring unit
582 of this embodiment sends information indicating that
a circulating fluid has been switched from the natural gas
G to the hydrate anti freezing agent, information indicat-
ing that a temperature of the hydrate anti freezing agent
hasincreased, and information indicating thatthe hydrate
anti freezing agent has been switched to the natural gas
G to the control unit 60.

[0064] The discharge valve 583 adjusts supply of the
natural gas G and the hydrate anti freezing agent into
the discharge pipe 581. Specifically, when the discharge
valve 583 of this embodiment is closed, supply of the
natural gas G and the hydrate anti freezing agent into
the discharge pipe 581 stops. When the discharge valve
583 is opened, supply of the natural gas G and the hy-
drate anti freezing agent into the discharge pipe 581
starts. The discharge valve 583 is a solenoid valve whose
opening and closing operations are controlled by the con-
trol unit 60.

[0065] When the pressure changing unit 59 changes
a pressure of the hydrate anti freezing agent that circu-
lates in the compressor hydrate anti freezing agent sup-
ply unit 54, a pressure of the hydrate anti freezing agent
flowed into the compressor 50 is changed. Specifically,
the pressure changing unit 59 of this embodiment is a
boost pump configured to increase or decrease a pres-
sure of the hydrate anti freezing agent that flows in the
supply pipe 541. The pressure changing unit 59 is driven
and controlled by the control unit 60. In the pressure
changing unit 59 of this embodiment, in a range equal to
or lower than a maximum working discharge pressure
(for example, 200 bar) when the compressor 50 is de-
signed above a pressure of about one atmosphere, pres-
surizing is performed with monoethylene glycol that cir-
culates as the hydrate anti freezing agent for a predeter-
mined time.

[0066] When predetermined conditions are satisfied,
the control unit 60 performs supply control such that the
compressor 50 starts cleaning. The control unit 60 of this
embodiment supplies the hydrate anti freezing agent to
the compressor 50 and changes a pressure of the hydrate
anti freezing agent in the compressor 50.

[0067] Specifically, as shown in Fig. 3, the control unit
60 of this embodiment includes a first input unit 61 con-
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figured to receive a characteristic value measured by the
inlet side characteristic value measuring unit 511, a sec-
ond input unit 62 configured to receive a characteristic
value measured by the outlet side characteristic value
measuring unit 521, and a difference calculation unit 63
configured to calculate a difference between the charac-
teristic value received by the first input unit 61 and the
characteristic value received by the second input unit 62.
The control unit 60 of this embodiment includes a first
reference determination unit 64 configured to determine
whether the difference calculated by the difference cal-
culation unit 63 satisfies a predetermined first reference,
a supply start instruction unit 65 configured to send an
instruction to start supply of the hydrate anti freezing
agent to the compressor 50 based on the determination
result of the first reference determination unit 64, and a
storage and discharge instruction unit 71 configured to
discharge the natural gas G inside the compressor 50
and store the hydrate anti freezing agent based on the
determination result of the first reference determination
unit 64.

[0068] The control unit 60 of this embodiment includes
a second reference determination unit 66 configured to
determine whether the difference calculated by the dif-
ference calculation unit 63 satisfies a predetermined sec-
ond reference, a heat supply instruction unit 67 config-
ured to send an instruction to supply the hydrate anti
freezing agent heated by the heating unit 55 to the com-
pressor 50 based on the determination result of the sec-
ond reference determination unit 66, and a cleaning ter-
mination instruction unit 70 configured to send an instruc-
tion to terminate cleaning of the compressor 50 based
on the determination result of the second reference de-
termination unit 66. The control unit 60 of this embodi-
ment includes a supply valve instruction unit 68 config-
ured to open or close the supply valve 542 based on an
input signal, a first circulation valve instruction unit 72
configured to open or close the first circulation valve 561
based on an input signal, and a second circulation valve
instruction unit 73 configured to open or close the second
circulation valve 562 based on an input signal.

[0069] The control unit 60 of this embodiment includes
a bypass valve instruction unit 74 configured to open or
close the bypass valve 572 based on an input signal and
a discharge valve instruction unit 75 configured to open
orclose the discharge valve 583 based on aninput signal.
The control unit 60 of this embodiment includes a fluid
information input unit 76 configured to receive informa-
tion measured by the fluid information measuring unit
582, a pressure change instruction unit 77 configured to
send an instruction to drive the pressure changing unit
59, and a compressor operation adjusting unit 78 config-
ured to send an instruction to the compressor 50 to adjust
an operation state from the time at which the operation
starts until the operation is stabilized.

[0070] The firstinputunit 61 receives a pressure value
of the natural gas G measured by the inlet side charac-
teristic value measuring unit 511. The first input unit 61
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outputs information about the received pressure value to
the difference calculation unit 63 and the compressor op-
eration adjusting unit 78. The second input unit 62 re-
ceives a pressure value of the natural gas G measured
by the outlet side characteristic value measuring unit 521.
The second input unit 62 outputs information about the
received pressure value to the difference calculation unit
63 and the compressor operation adjusting unit 78.
[0071] The difference calculation unit 63 calculates a
difference by subtracting a pressure value on an inlet
side of a compressor input by the first input unit 61 from
a pressure value on an outlet side of a compressor input
by the second input unit 62. The difference calculation
unit 63 outputs the calculated difference to the first ref-
erence determination unit 64. After the calculated differ-
ence is output to the first reference determination unit
64, when information is input again from the first input
unit 61 and the second input unit 62, the difference cal-
culation unit 63 outputs the calculated difference to the
second reference determination unit 66.

[0072] The first reference determination unit 64 com-
pares information about the difference input from the dif-
ference calculation unit 63 with a first reference. Here,
the first reference is a value indicating a state in which
sediments have precipitated, an internal flow path of the
compressor 50 is narrowed, and thus cleaning is neces-
sary. The first reference of this embodiment is set to a
value smaller than a value of a rise of a pressure of the
natural gas G that is compressed by the compressor 50
in a normal state in which cleaning is not necessary. That
is, the first reference of this embodiment is a value of a
difference between pressures on the inlet side and the
outlet side of the compressor 50 while sediments accu-
mulate and the natural gas G is hardly compressed.
[0073] The first reference determination unit 64 of this
embodiment determines whether the input difference val-
ue is less than the first reference. When it is determined
that the calculated difference is less than the first refer-
ence and satisfies the first reference, the first reference
determination unit 64 sends a signal to the supply start
instruction unit 65 and the storage and discharge instruc-
tion unit 71. When it is determined that the calculated
difference is greater than the first reference and does not
satisfy the first reference, the first reference determina-
tion unit 64 sends a signal to the compressor operation
adjusting unit 78.

[0074] When the first reference determination unit 64
determines that the first reference is satisfied, the supply
start instruction unit 65 sends an instruction to the com-
pressor hydrate anti freezing agent supply unit 54 to start
supply of the hydrate anti freezing agent to the compres-
sor 50. When the signal is input from the first reference
determination unit 64, the supply start instruction unit 65
of this embodiment sends a signal to the supply valve
instruction unit 68 to open the supply valve 542.

[0075] When the first reference determination unit 64
determinesthatthe firstreference is satisfied, the storage
and discharge instruction unit 71 sends an instruction to

10

15

20

25

30

35

40

45

50

55

the storage unit 56, the bypass supply unit 57, and the
gas discharge unit 58 to discharge the natural gas G from
the inside of the compressor 50 and accumulate the hy-
drate anti freezing agent in the compressor 50. The stor-
age and discharge instruction unit 71 of this embodiment
sends a signal to the first circulation valve instruction unit
72 to close the first circulation valve 561. The storage
and discharge instruction unit 71 sends a signal to the
second circulation valve instruction unit 73 to close the
second circulation valve 562. The storage and discharge
instruction unit 71 sends a signal to the bypass valve
instruction unit 74 to open the bypass valve 572. The
storage and discharge instruction unit 71 sends a signal
to the discharge valve instruction unit 75 to open the dis-
charge valve 583.

[0076] The second reference determination unit 66
compares the difference information input from the dif-
ference calculation unit 63 with a second reference. Here,
the second reference is a value indicating a state in which
sediments in the internal flow path of the compressor 50
are not sufficiently removed and greater cleaning is nec-
essary. The second reference of this embodiment is set
to a value that is smaller than a value of a rise of a pres-
sure of the natural gas G compressed by the compressor
50inanormal state and is greater than the firstreference.
That is, the second reference of this embodiment is a
value of a difference between pressures on the inlet side
and the outlet side of the compressor 50 in a state in
which cleaning has been performed once, but the result
is not enough to satisfy the first reference, sediments
remain in the compressor 50, and the natural gas G is
not sufficiently compressed.

[0077] The second reference determination unit 66 of
this embodiment determines whether the input difference
value is less than the second reference. When it is de-
termined that the calculated difference is less than the
second reference and satisfies the second reference, the
second reference determination unit 66 sends a signal
to the heat supply instruction unit 67. When it is deter-
mined that the calculated difference is greater than the
second reference and does not satisfy the second refer-
ence, the second reference determination unit 66 sends
a signal to the cleaning termination instruction unit 70.
[0078] When the second reference determination unit
66 determines that the second reference is satisfied, the
heat supply instruction unit 67 sends an instruction to
supply the hydrate antifreezing agentheated by the heat-
ing unit 55 to the compressor 50. When the signal is input
from the second reference determination unit 66, the heat
supply instruction unit 67 of this embodiment sends a
signal to the heating unit 55 to start heating of the hydrate
anti freezing agent.

[0079] When the second reference determination unit
66 determines that the second reference is not satisfied,
the cleaning termination instruction unit 70 sends an in-
struction to the compressor hydrate anti freezing agent
supply unit 54 to terminate cleaning of the compressor
50. When the signal is input from the second reference
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determination unit 66, the cleaning termination instruc-
tion unit 70 of this embodiment sends a signal to the
supply valve instruction unit 68, the first circulation valve
instruction unit 72, the second circulation valve instruc-
tion unit 73, and the discharge valve instruction unit 75.
[0080] Specifically, the cleaning termination instruc-
tion unit 70 of this embodiment sends a signal to the
supply valve instruction unit 68 to close the supply valve
542. The cleaning termination instruction unit 70 sends
a signal to the first circulation valve instruction unit 72 to
open the first circulation valve 561. The cleaning termi-
nation instruction unit 70 sends a signal to the second
circulation valve instruction unit 73 to open the second
circulation valve 562. The cleaning termination instruc-
tion unit 70 sends a signal to the discharge valve instruc-
tion unit 75 to open the discharge valve 583.

[0081] When the signal is input from the supply start
instruction unit 65, the supply valve instruction unit 68
sends an instruction to open to the supply valve 542.
When the signal is input from the cleaning termination
instruction unit 70, the supply valve instruction unit 68
sends an instruction to close to the supply valve 542.
[0082] When the signal is input from the storage and
discharge instruction unit 71, the first circulation valve
instruction unit 72 sends an instruction to close to the
first circulation valve 561. When the signal is input from
the cleaning termination instruction unit 70, the first cir-
culation valve instruction unit 72 sends an instruction to
open to the first circulation valve 561.

[0083] When the signal is input from the storage and
discharge instruction unit 71, the second circulation valve
instruction unit 73 sends an instruction to close to the
second circulation valve 562. When the signal is input
from the cleaning termination instruction unit 70, the sec-
ond circulation valve instruction unit 73 sends an instruc-
tion to open to the second circulation valve 562.

[0084] When the signal is input from the storage and
discharge instruction unit 71, the bypass valve instruction
unit 74 sends an instruction to open to the bypass valve
572. When the signal is input from the compressor op-
eration adjusting unit 78, the bypass valve instruction unit
74 sends an instruction to close to the bypass valve 572.
[0085] When the signal is input from the storage and
discharge instruction unit 71, the discharge valve instruc-
tion unit 75 sends an instruction to open to the discharge
valve 583. When the signal is input from the cleaning
termination instruction unit 70, the discharge valve in-
struction unit 75 sends an instruction to open to the dis-
charge valve 583. When the signal is input from the fluid
information input unit 76, the discharge valve instruction
unit 75 sends an instruction to close to the discharge
valve 583.

[0086] Thefluidinformationinputunit76 sendsa signal
to the discharge valve instruction unit 75, the pressure
change instruction unit 77, and the compressor operation
adjusting unit 78 based on information about a type and
atemperature of a fluid measured by the fluid information
measuring unit 582.
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[0087] Specifically, the fluid information input unit 76
of this embodiment receives information indicating that
a fluid flowing in the discharge pipe 581 has been
switched from the natural gas G to the hydrate anti freez-
ing agent from the fluid information measuring unit 582.
As a result, the fluid information input unit 76 sends a
signal to the discharge valve instruction unit 75 to close
the discharge valve 583 and sends a signal to the pres-
sure change instruction unit 77 to drive the pressure
changing unit 59.

[0088] The fluid information input unit 76 receives in-
formation indicating that a temperature of the hydrate
anti freezing agent that flows in the discharge pipe 581
has increased from the fluid information measuring unit
582. As aresult, the fluid information input unit 76 sends
asignaltothe pressure change instruction unit 77 to drive
the pressure changing unit 59.

[0089] The fluid information input unit 76 receives in-
formation indicating that the hydrate anti freezing agent
has been switched to the natural gas G from the fluid
information measuring unit 582. As a result, the fluid in-
formation input unit 76 sends a signal to the discharge
valve instruction unit 75 to close the discharge valve 583
and sends a signal to the compressor operation adjusting
unit 78 to start an operation of the compressor 50.
[0090] When the signal is input from the fluid informa-
tion input unit 76, the pressure change instruction unit 77
drives the pressure changing unit 59.

[0091] The compressor operation adjusting unit 78
starts an operation of the compressor 50. The compres-
sor operation adjusting unit 78 sends an instruction to
the compressor 50 while monitoring an operation condi-
tion of the compressor 50 based on the pressure values
on the inlet side and the outlet side of the compressor 50
and thus adjusts an operation state of the compressor
50 until the operation is stabilized.

[0092] Specifically, the compressor operation adjust-
ing unit 78 of this embodiment receives signals from the
first reference determination unit 64 and the fluid infor-
mation input unit 76. As a result, the compressor opera-
tion adjusting unit 78 sends an instruction to the com-
pressor 50 to start an operation. The compressor oper-
ation adjusting unit 78 receives information about a pres-
sure value from the first input unit 61 and the second
input unit 62. The compressor operation adjusting unit
78 sends a signal to the bypass valve instruction unit 74
to gradually close the bypass valve 572 based on infor-
mation about the received pressure value. More specif-
ically, the compressor operation adjusting unit 78 sends
asignal to adjust a degree of opening of the bypass valve
572 according tothereceived pressure value. As aresult,
the compressor operation adjusting unit 78 adjusts an
operation state of the compressor 50 until the operation
is stabilized while monitoring an operation condition of
the compressor 50.

[0093] Next, operations of the subsea production sys-
tem 1 of the above embodiment will be described. The
subsea production system 1 of this embodiment collects
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the production fluid PF that is harvested from the oil gas
field F through the production well W in the manifold M,
conveys the collected production fluid PF into the flow
line FL according to pressure energy generated when
the production fluid PF is extracted from the oil gas field
F, and supplies the production fluid PF to the subsea
module SM.

[0094] In the subsea module SM, power is supplied to
devices from a generator (not shown) in the ship S by
the umbilical line AL. The production fluid PF supplied to
the subsea module SM is cooled by the main heat ex-
changer 2 and flows into the separator 3. The production
fluid PF flowed into the separator 3 is separated into the
crude oil O that is a liquid and the natural gas G that is
a gas. Note that the crude oil O separated out in the
separator 3 includes condensates and the like.

[0095] The crude oil O separated out in the separator
3 circulates inside the liquid circulation unit42 and is sent
to the pump 41. The pump 41 compresses the crude oil
0, sendsiit to the oil pipeline OR through the compressed
liquid circulation unit 43 and supplies it to a crude oil O
storage tank (not shown) in the ship S.

[0096] The natural gas G separated out by the sepa-
rator 3 circulates in the liquid circulation unit 42 and is
sent to the compressor 50. In the compressor 50, the
natural gas G is compressed and sent to the compressed
gas circulation unit 52. In the compressed gas circulation
unit 52, the hydrate anti freezing agent is supplied from
the hydrate anti freezing agent supply unit 53, and the
compressed natural gas G and the hydrate anti freezing
agent are sent to the gas pipeline GR. In the compressed
gas circulation unit 52, while preventing freezing due to
hydration according to the supplied hydrate anti freezing
agent, the natural gas G is supplied to a natural gas G
storage tank (not shown) in the ship S.

[0097] Next, a cleaning method of the compressor 50
of the above embodiment will be described. In the com-
pressor 50 configured to compress the natural gas G and
supply it to the ship S as described above, when an op-
eration continues, sediments are precipitated and accu-
mulate in the compressor 50. By the cleaning method of
the compressor 50, cleaning is performed on the com-
pressor 50 in which such sediments accumulate to re-
move the sediments. The cleaning method of the com-
pressor 50 of this embodiment will be described with ref-
erence to Fig. 2 to Fig. 4.

[0098] In the cleaning method of the compressor 50 of
this embodiment, as shown in Fig. 4, the compressor 50
is stopped (a compressor stop process S10). After the
compressor stop process S10, on the inlet side and the
outlet side of the compressor 50, a pressure value is
measured and acquired as a characteristic value of the
natural gas G thatis a gas separated out by the separator
3, and a state of the compressor 50 is measured (a char-
acteristic value acquiring process S100).

[0099] Specifically, in the characteristic value acquir-
ing process S100, the inlet side characteristic value
measuring unit 511 measures a pressure value of the
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natural gas G that circulates in the gas circulation unit 51
and acquires a pressure value of the natural gas G on
the inlet side of the compressor 50. In addition, in the
characteristic value acquiring process S100, the outlet
side characteristic value measuring unit 521 measures
a pressure value of the natural gas G that circulates in
the compressed gas circulation unit 52 and acquires a
pressure value of the natural gas G on the outlet side of
the compressor 50.

[0100] Next, inthe cleaning method of the compressor
50 of this embodiment, a difference between the acquired
pressure value on the inlet side of the compressor 50
and the acquired pressure value on the outlet side thereof
is calculated (a difference calculating process S200).
Specifically, in the difference calculating process S200,
information about the pressure value measured by the
inlet side characteristic value measuring unit 511 is input
to the first input unit 61 of the control unit 60. In addition,
in the difference calculating process S200, information
about the pressure value measured by the outlet side
characteristic value measuring unit 521 is input to the
second input unit 62 of the control unit 60. In the control
unit 60, information input to the first input unit 61 and the
second input unit 62 is input to the difference calculation
unit 63. In the difference calculation unit 63, a difference
between the pressure value on the outlet side of the com-
pressor 50 and the pressure value on the inlet side there-
of is calculated by subtracting information input from the
first input unit 61 from information input from the second
input unit 62.

[0101] Next, inthe cleaning method of the compressor
50 of this embodiment, it is determined whether a hydrate
anti freezing agent has been supplied to the compressor
50 (a hydrate anti freezing agent supply determining
process S300). Specifically, in the hydrate anti freezing
agent supply determining process S300, the difference
calculation unit 63 determines whether a hydrate anti
freezing agent has already been supplied to the com-
pressor 50. In the difference calculation unit 63, when it
is determined that information has been input once from
the first input unit 61 and the second input unit 62, it is
determined that a hydrate antifreezing agent has already
been supplied to the compressor 50 and information
about the difference is output to the second reference
determination unit 66. On the other hand, in the difference
calculation unit 63, when itis determined that information
has not been input from the first input unit 61 and the
second input unit 62, it is determined that a hydrate anti
freezing agent has not been supplied to the compressor
50 and information about the difference is output to the
first reference determination unit 64.

[0102] When itis determined that a hydrate anti freez-
ing agent has not been supplied to the compressor 50,
it is determined whether the calculated difference satis-
fies a predetermined first reference (a first reference de-
termining process S400). Specifically, in the first refer-
ence determining process S400, in the control unit 60,
the calculated difference is input from the difference cal-
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culation unit 63 to the first reference determination unit
64. The first reference determination unit 64 determines
whether the input difference value is less than the first
reference. When it is determined that the calculated dif-
ference is less than the first reference, the first reference
determination unit 64 sends a signal to the supply start
instruction unit 65. On the other hand, when it is deter-
mined that the calculated difference is greater than the
first reference, the first reference determination unit 64
sends a signal to the compressor operation adjusting unit
78 and starts an operation of the compressor 50 without
performing cleaning of the compressor 50.

[0103] When the first reference determination unit 64
determines that the difference is less than the first refer-
ence and satisfies the first reference, the natural gas G
inside the compressor 50 is discharged (a gas discharg-
ing process S450), the hydrate anti freezing agentis sup-
plied into the compressor 50 (a supply start process
S500), and the hydrate anti freezing agent is stored in
the compressor 50 (a storing process S430). Inthe clean-
ing method of the compressor 50 of this embodiment,
the storing process S430, the gas discharging process
S450, and the supply start process are performed almost
at the same time. Specifically, in the cleaning method of
the compressor 50 of this embodiment, supply of the nat-
ural gas G to the compressor 50 is stopped and the hy-
drate anti freezing agent can be stored in the compressor
50. Then, in the cleaning method of the compressor 50,
the natural gas G in the compressor 50 is discharged and
the hydrate anti freezing agent is supplied into the com-
pressor 50.

[0104] More specifically, in the cleaning method of the
compressor 50 of this embodiment, in the control unit 60,
a signal is sent from the first reference determination unit
64 to the storage and discharge instruction unit 71. In the
cleaning method of the compressor 50, in the control unit
60, a signal is sent from the storage and discharge in-
struction unit 71 to the first circulation valve instruction
unit 72, the second circulation valve instruction unit 73,
the bypass valve instruction unit 74, and the discharge
valve instruction unit 75.

[0105] When a signal is sent from the storage and dis-
charge instruction unit 71, the first circulation valve in-
struction unit 72 sends an instruction to close to the first
circulation valve 561. When the first circulation valve 561
that has received the instruction is closed, circulation of
the natural gas G flowing into the compressor 50 from
the gas circulation unit 51 is stopped. When a signal is
sent from the storage and discharge instruction unit 71,
the second circulation valve instruction unit 73 sends an
instruction to close to the second circulation valve 562.
When the second circulation valve 562 that has received
the instruction is closed, circulation of the natural gas G
flowing into the compressed gas circulation unit 52 from
the compressor 50 is stopped (the storing process S430).
[0106] When a signal is sent from the storage and dis-
charge instruction unit 71, the bypass valve instruction
unit 74 sends an instruction to open to the bypass valve
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572. When the bypass valve 572 that has received the
instruction is opened, the natural gas G flows into the
bypass pipe 571 from the gas circulation unit 51. The
natural gas G flowed into the bypass pipe 571 flows into
the compressed gas circulation unit 52 from a down-
stream side of the second circulation valve 562 and is
sent to the gas pipeline GR.

[0107] When a signal is sent from the storage and dis-
charge instruction unit 71, the discharge valve instruction
unit 75 sends an instruction to open to the discharge valve
583. When the discharge valve 583 that has received the
instruction is opened, the natural gas G remaining inside
the compressor 50 flows into the discharge pipe 581 from
an upstream side of the second circulation valve 562 and
is discharged to the outside (the gas discharging process
S450).

[0108] Inthe control unit 60, when a signal is sent from
the first reference determination unit 64 to the storage
and discharge instruction unit 71, a signal is sent from
the first reference determination unit 64 to the supply
startinstruction unit 65 at the same time. The supply start
instruction unit 65 sends a signal to the supply valve in-
struction unit 68 to start supply of the hydrate antifreezing
agent. When a signal is sent from the supply start instruc-
tion unit 65, the supply valve instruction unit 68 sends an
instruction to open to the supply valve 542. When the
supply valve 542 that has received the instruction is
opened, part of the hydrate anti freezing agent that cir-
culates in the hydrate anti freezing agent supply unit 53
flows into the supply pipe 541. The hydrate anti freezing
agent flowed into the supply pipe 541 flows into the gas
circulation unit 51 from a downstream side of the first
circulation valve 561 and is sent to the compressor 50
(the supply start process S500, a compressor hydrate
anti freezing agent supply process S530).

[0109] The hydrate anti freezing agent flows into the
discharge pipe 581 on an upstream side of the second
circulation valve 562 through the compressed gas circu-
lation unit 52 from the compressor 50. When the hydrate
anti freezing agent flows into the discharge pipe 581, the
fluid information measuring unit 582 detects that a circu-
lating fluid has been switched from the natural gas G to
the hydrate anti freezing agent and sends information to
the fluid information input unit 76. The fluid information
input unit 76 sends a signal to the discharge valve in-
struction unit 75 to close the discharge valve 583 based
on the information indicating that a fluid flowing in the
discharge pipe 581 has been switched from the natural
gas G to the hydrate anti freezing agent. When the dis-
charge valve 583 that has received the instruction is
closed, flowing of the hydrate anti freezing agent into the
discharge pipe 581 is stopped. When flowing of the hy-
drate anti freezing agent supplied from the supply pipe
541 to the discharge pipe 581 and the compressed gas
circulation unit 52 is stopped, the hydrate anti freezing
agent accumulates in the compressor 50.

[0110] The fluid information inputunit 76 sends asignal
to the discharge valve instruction unit 75 and also sends
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a signal to the pressure change instruction unit 77 to drive
the pressure changing unit 59. When an instruction is
received from the pressure change instruction unit 77,
the pressure changing unit 59 changes a pressure of the
hydrate anti freezing agent inside the compressor 50 (a
pressure changing process S550).

[0111] Specifically, in the pressure changing process
S550, a pressure of the hydrate anti freezing agent that
flows in the supply pipe 541 is increased or decreased
over a predetermined time by the pressure changing unit
59. When the hydrate anti freezing agent is sent from the
supply pipe 541 to the compressor 50 while performing
a pressure shift in which the pressure is changed in this
manner, the pressure of the hydrate anti freezing agent
inside the compressor 50 is changed.

[0112] After a pressure of the hydrate anti freezing
agent is changed, a pressure value of the natural gas G
is measured and acquired again on the inlet side and the
outlet side of the compressor 50, and a state of the com-
pressor 50 is measured (the characteristic value acquir-
ing process S100). Then, a difference between the ac-
quired pressure value on the inlet side of the compressor
50 and the acquired pressure value on the outlet side
thereof is calculated (the difference calculating process
S200). Next, itis determined whether a hydrate antifreez-
ing agent has been supplied to the compressor 50 (the
hydrate anti freezing agent supply determining process
S300). In this case, information has already been input
once from the first input unit 61 and the second input unit
62. Therefore, in the hydrate anti freezing agent supply
determining process S300, the difference calculation unit
63 determines that a hydrate antifreezing agenthas been
supplied to the compressor 50 and outputs difference
information to the second reference determination unit
66.

[0113] When itis determined that a hydrate anti freez-
ing agent has been supplied to the compressor 50, it is
determined whether the calculated difference satisfies a
predetermined second reference (a second reference
determining process S600). Specifically, in the second
reference determining process S600, in the control unit
60, the calculated difference is input from the difference
calculation unit 63 to the second reference determination
unit 66. The second reference determination unit 66 de-
termines whether the input difference value is less than
the second reference. When it is determined that the cal-
culated difference is less than the second reference, the
second reference determination unit 66 sends a signal
to the heat supply instruction unit 67. On the other hand,
when it is determined that the calculated difference is
greater than the second reference, the second reference
determination unit 66 sends a signal to the cleaning ter-
mination instruction unit 70.

[0114] When the second reference determination unit
66 determines that the difference is less than the second
reference and satisfies the second reference, the heated
hydrate anti freezing agent is supplied to the compressor
50 (a heat supply process S700). Specifically, in the heat
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supply process S700, in the control unit 60, a signal is
sent from the second reference determination unit 66 to
the heat supply instruction unit 67 and a signal is sent
from the heat supply instruction unit 67 to the heating
unit 55. When a signal is sent from the heat supply in-
struction unit 67, the heating unit 55 starts heat exchange
with the crude oil O that flows in the liquid circulation unit
42 and heats the hydrate anti freezing agent that flows
in the supply pipe 541 to a high temperature of 110 °C
or higher. The hydrate anti freezing agent heated to a
high temperature flows into the gas circulation unit 51.
The high temperature hydrate anti freezing agent flowed
into the gas circulation unit 51 is supplied to the com-
pressor 50.

[0115] When the high temperature hydrate anti freez-
ing agent is supplied to the compressor 50, the high tem-
perature hydrate anti freezing agent flows into a position
on an upstream side relative to the second circulation
valve 562 of the compressed gas circulation unit 52 and
also a position on an upstream side relative to the dis-
charge valve 583 of the discharge pipe 581. When the
high temperature hydrate anti freezing agent flows into
the discharge valve 583, the fluid information measuring
unit 582 measures that a temperature of the circulating
hydrate anti freezing agent has increased and sends in-
formation to the fluid information input unit 76. The fluid
information input unit 76 sends a signal to the pressure
change instruction unit 77 to drive the pressure changing
unit 59 based on information indicating that a tempera-
ture of the hydrate anti freezing agent that flows in the
discharge pipe 581 has increased. When an instruction
is received from the pressure change instruction unit 77,
the pressure changing unit 59 changes a pressure of the
high temperature hydrate anti freezing agent inside the
compressor 50 (the pressure changing process S550).
[0116] Afterapressure of the high temperature hydrate
anti freezing agent is changed, in the same sequence as
the above-described processes, the characteristic value
acquiring process S100, the difference calculating proc-
ess S200, and the hydrate anti freezing agent supply
determining process S300 are performed. In the hydrate
antifreezing agent supply determining process S300, the
difference calculation unit 63 determines again that a hy-
drate anti freezing agent has been supplied to the com-
pressor 50 and outputs difference information to the sec-
ond reference determination unit 66. When the compres-
sor 50 is sufficiently cleaned, the second reference de-
termination unit 66 determines that the calculated differ-
ence is greater than the second reference and sends a
signal to the cleaning termination instruction unit 70.
[0117] The compressor operation adjusting unit 78 to
which a signal is sent from the second reference deter-
mination unit 66 terminates cleaning of the compressor
50 and starts an operation of the compressor 50 (a clean-
ing terminating process S800). Specifically, in the clean-
ing terminating process S800, in the control unit 60, a
signal is sent from the compressor operation adjusting
unit 78 to the supply valve instruction unit 68, the dis-
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charge valve instruction unit 75, the first circulation valve
instruction unit 72, and the second circulation valve in-
struction unit 73.

[0118] When a signal is sent from the compressor op-
eration adjusting unit 78, the supply valve instruction unit
68 sends an instruction to close to the supply valve 542.
When the supply valve 542 that has received the instruc-
tion is closed, supply of the hydrate anti freezing agent
into the supply pipe 541 is stopped.

[0119] When a signal is sent from the compressor op-
eration adjusting unit 78, the discharge valve instruction
unit 75 sends aninstruction to opento the discharge valve
583. When the discharge valve 583 that has received the
instruction is opened, the hydrate anti freezing agent re-
maining inside the compressor 50 flows into the dis-
charge pipe 581 from an upstream side of the second
circulation valve 562 and is discharged to the outside.
[0120] When a signal is sent from the compressor op-
eration adjusting unit 78, the first circulation valve instruc-
tion unit 72 sends an instruction to open to the first cir-
culation valve 561. When the first circulation valve 561
that has received the instruction is opened, supply of the
natural gas G to the compressor 50 from the gas circu-
lation unit 51 starts. When a signal is sent from the com-
pressor operation adjusting unit 78, the second circula-
tion valve instruction unit 73 sends an instruction to open
to the second circulation valve 562. When the second
circulation valve 562 that has received the instruction is
opened, circulation of the natural gas G flowing into the
compressed gas circulation unit 52 from the compressor
50 starts. As a result, the natural gas G is sent to the gas
pipeline GR together with a hydrate anti freezing agent
that has not flowed into the discharge pipe 581.

[0121] While supply of the natural gas G from the gas
circulation unit 51 starts and supply of the hydrate anti
freezing agent from the supply pipe 541 is stopped, the
hydrate anti freezing agent is discharged from the dis-
charge pipe 581. Therefore, the natural gas G also starts
to be gradually discharged from the discharge pipe 581.
The fluid information measuring unit 582 detects that a
fluid circulating in the discharge pipe 581 has been
switched from the hydrate anti freezing agent to the nat-
ural gas G and sends information to the fluid information
input unit 76. The fluid information input unit 76 sends a
signal to the discharge valve instruction unit 75 to close
the discharge valve 583 based on information indicating
that a fluid flowing in the discharge pipe 581 has been
switched from the hydrate anti freezing agent to the nat-
ural gas G. When the discharge valve 583 that has re-
ceived the instruction is closed, discharge of the natural
gas G from the discharge pipe 581 stops. As a result, the
natural gas G only flows in the compressed gas circula-
tion unit 52 toward the gas pipeline GR.

[0122] Thefluidinformationinputunit 76 sends a signal
to the discharge valve instruction unit 75 and also sends
a signal to the compressor operation adjusting unit 78 to
start an operation of the compressor 50. The compressor
operation adjusting unit 78 that has received the signal
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from the fluid information input unit 76 activates the com-
pressor 50. Then, the compressor operation adjusting
unit 78 monitors an operation condition of the compressor
50 and sends a signal to the bypass valve instruction unit
74 to adjust a degree of opening of the bypass valve 572
based on information about the pressure value input from
the first input unit 61 and the second input unit 62. The
compressor operation adjusting unit 78 adjusts an oper-
ation state of the compressor 50 until the operation is
stabilized while a degree of opening of the bypass valve
572 is adjusted through the bypass valve instruction unit
74.

[0123] According to the compressor system 5 de-
scribed above, part of the hydrate anti freezing agent
supplied from the hydrate anti freezing agent supply unit
53 to the compressed gas circulation unit 52 for prevent-
ing hydration of the natural gas G compressed by the
compressor 50 is supplied to the compressor 50 when
the supply valve 542 is opened. The hydrate anti freezing
agent not only prevents freezing of the natural gas G and
prevents hydration but also removes oil contamination
and aqueous contamination due to the lipophilicity and
hydrophilicity of the hydrate anti freezing agent. There-
fore, itis possible to. Therefore, itis possible to effectively
remove sediments that are precipitated inside the com-
pressor 50 by the hydrate anti freezing agent supplied to
the compressor 50. When part of the hydrate antifreezing
agent supplied from the hydrate anti freezing agent sup-
ply unit 53 to the compressed gas circulation unit 52 is
used, itis possible to reliably supply a necessary amount
of the hydrate anti freezing agent to the compressor 50.
When a pressure shift in which the pressure of the hy-
drate anti freezing agent inside the compressor 50 is in-
creased or decreased by the pressure changing unit 59
through the supply pipe 541 is performed, the hydrate
anti freezing agent inside the compressor 50 can be
stirred. Therefore, it is possible to clean the inside of the
compressor 50 by effectively using the hydrate antifreez-
ing agent. Accordingly, it is possible to reliably and ef-
fectively clean the compressor 50.

[0124] Inthe compressorsystem 5 of thisembodiment,
while the firstcirculation valve 561 is closed to stop supply
of the natural gas G to the compressor 50 and the second
circulation valve 562 is closed, the discharge valve 583
is opened to discharge the natural gas G from the dis-
charge pipe 581 to the outside. In addition, while the nat-
uralgas Gis discharged and almost none remains inside,
the hydrate anti freezing agent is supplied to the com-
pressor 50 and a pressure is changed by the pressure
changing unit 59. Therefore, it is possible to prevent the
hydrate anti freezing agent supplied into the compressor
50 from being diluted by the natural gas G. Therefore, it
is possible to efficiently use the hydrate anti freezing
agent supplied from the supply pipe 541 for cleaning the
compressor 50 and it is possible to minimize a supply
amount of the hydrate anti freezing agent.

[0125] While the first circulation valve 561 and the sec-
ond circulation valve 562 are closed and the discharge
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valve 583 is also closed, when the hydrate anti freezing
agent is supplied to the compressor 50, the hydrate anti
freezing agent inside the compressor 50 can be stored
without being discharged. While the hydrate anti freezing
agent is stored inside the compressor 50, when a pres-
sure is changed by the pressure changing unit 59, it is
possible to efficiently stir the hydrate anti freezing agent
inside the compressor 50. Therefore, it is possible to
clean the inside of the compressor 50 by using the hy-
drate antifreezing agent more effectively. When cleaning
is performed withoutdischarging the hydrate antifreezing
agent from the compressor 50, it is possible to reduce a
supply amount of the hydrate anti freezing agent to the
compressor 50 and perform cleaning of the compressor
50.

[0126] When predetermined conditions are satisfied as
in the first reference determination unit 64, the control
unit 60 causes the hydrate anti freezing agent to flow into
the supply pipe 541 from the hydrate anti freezing agent
supply unit 53 and supplies it to the compressor 50. That
is, when control of supply of the hydrate anti freezing
agent to the compressor 50 is performed by the first ref-
erence determination unit 64, it is possible to limit supply
of the hydrate anti freezing agent to the compressor 50
that is in a state in which cleaning is necessary. There-
fore, itis possible to efficiently use the hydrate anti freez-
ing agent for cleaning the compressor 50, and it is pos-
sible to further minimize a supply amount of the hydrate
anti freezing agent.

[0127] In the control unit 60, a pressure value of the
natural gas G on the inlet side of the compressor 50
measured by the inlet side characteristic value measur-
ing unit 511 of the gas circulation unit 51 is input to the
first input unit 61. In addition, in the control unit 60, a
pressure value of the natural gas G on the outlet side of
the compressor 50 measured by the outlet side charac-
teristic value measuring unit 521 of the compressed gas
circulation unit 52 is input to the second input unit 62. As
a result, it is possible to acquire the pressure values of
the natural gas G on the inlet side and the outlet side of
the compressor 50. When the difference calculation unit
63 calculates a difference between the acquired pressure
values of the natural gas G on the inlet side and the outlet
side of the compressor 50 and the first reference deter-
mination unit 64 compares the difference with the first
reference for determination, it is possible to easily deter-
mine whether the compressor 50 is in a state in which
cleaningis necessary. Based on the determination result,
a signal is sent from the first reference determination unit
64 to the supply start instruction unit 65 and the supply
valve 542 is opened through the supply valve instruction
unit 68. Therefore, it is possible to start supply of the
hydrate anti freezing agent to the supply pipe 541 and it
is possible to perform cleaning of the compressor 50.
Therefore, it is possible to determine whether the com-
pressor 50 is in a state in which cleaning is necessary
with high accuracy and it is possible to further limit supply
of the hydrate antifreezing agent. Therefore, for the com-
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pressor 50 for which cleaning is necessary, it is possible
to more efficiently supply the hydrate anti freezing agent
from the supply pipe 541 and it is possible to further min-
imize a supply amount of the hydrate anti freezing agent.
[0128] When the heating unit 55 configured to heat a
hydrate anti freezing agent is provided in the supply pipe
541, it is possible to supply a high temperature hydrate
anti freezing agent to the compressor 50. It is possible
to improve solubility of sediments due to the hydrate anti
freezing agent that is heated to a high temperature.
Therefore, it is possible to increase a dissolution rate of
sediments accumulated in the compressor 50 and effec-
tively clean the compressor 50.

[0129] The difference calculation unit 63 calculates a
difference between the acquired pressure values of the
natural gas G on the inlet side and the outlet side of the
compressor 50 and the second reference determination
unit 66 compares the difference with the second refer-
ence that is set to a value greater than the first reference
for determination. Therefore, it is possible to easily de-
termine again whether the compressor 50 is in a state in
which cleaning is necessary. Therefore, for example, it
is possible to easily determine whether the compressor
50 is in a state that is different from the state determined
using the first reference (for example, whether greater
cleaning is necessary for the compressor 50). Based on
the determination result, a signal is sent from the second
reference determination unit 66 to the heat supply in-
struction unit 67 and the heating unit 55 starts heating.
Therefore, it is possible to increase a temperature of the
hydrate anti freezing agent that flows in the supply pipe
541. As a result, it is possible to supply the hydrate anti
freezing agent that is heated to a high temperature to the
compressor 50 and itis possible to more effectively clean
the compressor 50. Therefore, it is possible to determine
whether the compressor 50 is in a state that is different
from the state determined using the first reference for
cleaning with high accuracy and it is possible to perform
greater cleaning on the compressor 50 as necessary.
Therefore, when the compressor 50 is in a state in which
greater cleaning is necessary, it is possible to efficiency
supply the heated hydrate anti freezing agent and clean
the compressor 50 more efficiently.

[0130] When monoethylene glycol whose hydrocar-
bon part has lipophilicity and whose hydroxyl group and
ether group have hydrophilicity is used as the hydrate
anti freezing agent, it is possible to effectively clean both
oil contamination and aquatic contamination in the com-
pressor 50.

[0131] According to the subsea production system 1
described above, it is also possible to reliably and effi-
ciently clean the compressor 50 that is installed at a po-
sition at which maintenance is difficult, for example, in
the seabed. Therefore, it is possible to prevent clogging
due to sediments and it is possible to reliably send the
natural gas G to the ship S through the compressor 50.
[0132] According to the cleaning method of the com-
pressor 50 described above, in the compressor hydrate
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anti freezing agent supply process S530 (the supply start
process S500), part of the hydrate anti freezing agent
supplied from the hydrate anti freezing agent supply unit
53 to the compressed gas circulation unit 52 is supplied
to the compressor 50. That is, without newly preparing
and supplying the hydrate anti freezing agent, part of the
hydrate anti freezing agent supplied from the hydrate anti
freezing agent supply unit 53 to the compressed gas cir-
culation unit52 is used. Therefore, itis possible to reliably
supply a necessary amount of the hydrate anti freezing
agent to the compressor 50.

[0133] Inthe gas discharging process S450, while the
first circulation valve 561 is closed to stop supply of the
natural gas G to the compressor 50 and the second cir-
culation valve 562 is closed, the discharge valve 583 is
opened to discharge the natural gas G from the discharge
pipe 581 to the outside. Therefore, inthe pressure chang-
ing process S550, while the natural gas G is discharged
and almost none remains inside, it is possible to perform
a pressure shift on the hydrate anti freezing agent inside
the compressor 50 by increasing or decreasing the pres-
sure by the pressure changing unit 59 through the supply
pipe 541. Therefore, it is possible to prevent the hydrate
anti freezing agent supplied into the compressor 50 from
being diluted by the natural gas G and it is possible to
stir the hydrate anti freezing agentinside the compressor
50. As a result, it is possible to clean the inside of the
compressor 50 by effectively and efficiently using the hy-
drate anti freezing agent. Therefore, it is possible to ef-
ficiently use the hydrate anti freezing agent supplied from
the supply pipe 541 for cleaning the compressor 50 and
it is possible to reliably and effectively clean the com-
pressor 50 while minimizing a supply amount of the hy-
drate anti freezing agent.

[0134] In the storing process S430, while the first cir-
culation valve 561 and the second circulation valve 562
are closed and the discharge valve 583 is also closed,
the hydrate anti freezing agent is supplied to the com-
pressor 50. Therefore, the hydrate anti freezing agent
inside the compressor 50 can be stored without being
discharged. While the hydrate anti freezing agent is
stored inside the compressor 50, when a pressure is
changed by the pressure changing unit 59, it is possible
to efficiently stir the hydrate anti freezing agentinside the
compressor 50. Therefore, it is possible to clean the in-
side of the compressor 50 by using the hydrate anti freez-
ing agent more effectively. When cleaning is performed
without discharging the hydrate anti freezing agent from
the compressor 50, it is possible to reduce a supply
amount of the hydrate anti freezing agent to the com-
pressor 50 and perform cleaning of the compressor 50.
[0135] Adifference between the pressure values of the
natural gas G on the inlet side and the outlet side of the
compressor 50 acquired in the characteristic value ac-
quiring process S100 is calculated in the difference cal-
culating process S200. In the hydrate anti freezing agent
supply determining process S300, itis determined wheth-
er a hydrate anti freezing agent has been supplied to the
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compressor 50. Then, in the first reference determining
process S400, the difference is compared with the first
reference for determination, and thus itis possible to eas-
ily determine whether the compressor 50 is in a state in
which cleaning is necessary. Based on the determination
result, in the supply start process S500, the supply valve
542 is opened, and thus it is possible to start supply of
the hydrate anti freezing agent to the supply pipe 541.
As a result, it is possible to start supply of the hydrate
antifreezing agentto the compressor 50 and itis possible
to perform cleaning of the compressor 50. Therefore, it
is possible to determine whether the compressor 50 is in
a state in which cleaning is necessary with high accuracy
and it is possible to further limit supply of the hydrate anti
freezing agent. Therefore, for the compressor 50 for
which cleaning is necessary, it is possible to more effi-
ciently supply the hydrate anti freezing agent supplied
from the supply pipe 541 and it is possible to further min-
imize a supply amount of the hydrate anti freezing agent.
[0136] In the hydrate anti freezing agent supply deter-
mining process S300, it is determined whether a hydrate
anti freezing agent has been supplied to the compressor
50. Then, based on the determination result, in the first
reference determining process S400, the second refer-
ence determining process S600 is performed. Therefore,
it is possible to determine a cleaning state of the com-
pressor 50. Therefore, it is possible to more efficiently
clean the compressor 50 according to the cleaning state
of the compressor 50.

[0137] Adifference between the pressure values of the
natural gas G on the inlet side and the outlet side of the
compressor 50 acquired in the characteristic value ac-
quiring process S100 is calculated in the difference cal-
culating process S200. In the second reference deter-
mining process S600, the difference is compared with
the second reference that is set to a value greater than
the first reference for determination. Therefore, it is pos-
sible to easily determine again whether the compressor
50 isin a state in which cleaning is necessary. Therefore,
for example, it is possible to easily determine whether
the compressor 50 is in a state that is different from the
state determined using the first reference (for example,
whether greater cleaning is necessary for the compres-
sor 50). Based on the determination result, in the heat
supply process S700, the heating unit 55 starts heating.
Therefore, it is possible to increase a temperature of the
hydrate anti freezing agent that flows in the supply pipe
541. As a result, it is possible to supply the hydrate anti
freezing agent that is heated to a high temperature to the
compressor 50 and itis possible to more effectively clean
the compressor 50. Therefore, it is possible to determine
whether the compressor 50 is in a state that is different
from the state determined using the first reference for
cleaning with high accuracy and it is possible to perform
greater cleaning on the compressor 50 as necessary.
Therefore, when the compressor 50 is in a state in which
greater cleaning is necessary, it is possible to efficiency
supply the heated hydrate anti freezing agent and clean
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the compressor 50 more efficiently.

[0138] The embodiments of the presentinvention have
beendescribed in detail above with reference to the draw-
ings, but configurations and combinations thereof in the
embodiments are only examples, and additions, omis-
sions, substitutions and other modifications of the con-
figurations can be made without departing from the scope
ofthe presentinvention. Inaddition, the presentinvention
is not limited to the embodiments and is only limited by
the scope of the appended claims.

[0139] Note that a characteristic value of a gas is not
limited to a pressure value of the gas as in this embodi-
ment, and may be a value at which there is a difference
in a state before and after the gas is compressed by the
compressor. For example, the characteristic value of the
gas may be a value obtained by measuring a temperature
of the gas, a value obtained by measuring a flow rate of
the gas, and a value obtained by calculating an efficiency
of the compressor 50.

[0140] When it is determined whether the first refer-
ence or the second reference is satisfied, determination
of whether to supply the hydrate anti freezing agent may
not be based on a single determination result as in this
embodiment, but based on a plurality of determinations
of whether the first reference or the second reference is
satisfied. In such a configuration, it is possible to deter-
mine a contamination condition of the compressor 50 with
high accuracy.

[Industrial Applicability]

[0141] According to the above-described compressor
system, when part of the hydrate anti freezing agent sup-
plied to the compressed gas circulation unit in which a
compressed gas circulates is supplied into the compres-
sor and a pressure is changed, it is possible to efficiently
clean the compressor.

[Reference Signs List]

[0142]

1 Subsea production system
S Ship

F Oil gas field

w Production well

PF Production fluid

M Manifold

FL Flow line

R Riser

GR Gas pipeline

OR Oil pipeline

AR Pipeline for a hydrate anti freezing agent

AL Umbilical line
Subsea module

2 Main heat exchanger
3 Separator

4 Pump system
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41
42
43
5
50
51
511
52
521
53
54

541
542
55
56
561
562
57
571
572
58
581
582
583
59
60
61
62
63
64
65
66
67
68
70
71
72
73
74
75
76
77
78
S10
S100
S200
S300

S400
S430
S450
S550
S500
S530

S600
S700

32

Pump

Liquid circulation unit

Compressed liquid circulation unit
Compressor system

Compressor

Gas circulation unit

Inlet side characteristic value measuring unit
Compressed gas circulation unit

Outlet side characteristic value measuring unit
Hydrate anti freezing agent supply unit
Compressor hydrate anti freezing agent supply
unit

Supply pipe

Supply valve

Heating unit

Storage unit

First circulation valve

Second circulation valve

Bypass supply valve

Bypass pipe

Bypass valve

Gas discharge unit

Discharge pipe

Fluid information measuring unit
Discharge valve

Pressure changing unit

Control unit

First input unit

Second input unit

Difference calculation unit

First reference determination unit
Supply start instruction unit

Second reference determination unit
Heat supply instruction unit

Supply valve instruction unit

Cleaning termination instruction unit
Storage and discharge instruction unit
First circulation valve instruction unit
Second circulation valve instruction unit
Bypass valve instruction unit

Discharge valve instruction unit

Fluid information input unit

Pressure change instruction unit
Compressor operation adjusting unit
Compressor stop process
Characteristic value acquiring process
Difference calculating process

Hydrate anti freezing agent supply determining
process

First reference determining process
Storing process

Gas discharging process

Pressure changing process

Supply start process

Compressor hydrate anti freezing agent supply
process

Second reference determining process
Heat supply process



Claims

33 EP 3 156 586 A1

1. A compressor system comprising:

34

an instruction to the compressor hydrate anti
freezing agent supply unit to start supply of the
hydrate anti freezing agent to the compressor
when the first reference determination unit de-

a compressor configured to compress a gas; 5 termines that the first reference is satisfied.
acompressed gas circulation unitin which agas
compressed by the compressor circulates; 6. The compressor system according to any one of
a hydrate anti freezing agent supply unit config- claims 1 to 5, comprising
ured to supply a hydrate anti freezing agent for
preventing hydration of the gas to the com- 10 a heating unit configured to heat the hydrate anti
pressed gas circulation unit; freezing agent,
acompressor hydrate antifreezing agent supply wherein the compressor hydrate anti freezing
unit configured to supply part of the hydrate anti agent supply unit supplies the hydrate antifreez-
freezing agent supplied from the hydrate anti ing agent heated by the heating unit to the com-
freezing agent supply unit to the compressor; 15 pressor.
and
a pressure changing unit configured to change 7. The compressor system according to claim 5, com-
a pressure of the hydrate anti freezing agent in- prising
side the compressor.
20 a heating unit configured to heat the hydrate anti
2. The compressor system according to claim 1, com- freezing agent,
prising wherein the control unit includes
a second reference determination unit config-
a gas discharge unit configured to discharge the ured to determine whether a difference between
gas inside the compressor, 25 characteristic values of the gas on the inlet side
wherein the compressor hydrate anti freezing ofthe compressor and the outlet side of the com-
agent supply unit supplies the hydrate anti freez- pressor satisfies a predetermined second refer-
ing agent to the compressor from which the gas ence after supply of the hydrate anti freezing
is discharged by the gas discharge unit. agent to the compressor starts, and
30 a heat supply instruction unit configured to send
3. The compressor system according to claim 1 or 2, an instruction to the compressor hydrate anti
comprising freezing agent supply unit to supply the hydrate
anti freezing agent heated by the heating unit to
a storage unit configured to store the hydrate the compressor when the second reference de-
anti freezing agent in the compressor, 35 termination unit determines that the second ref-
wherein the pressure changing unit changes a erence is satisfied.
pressure of the hydrate anti freezing agent that
is stored by the storage unit. 8. A subsea production system comprising:
4. The compressor system according to any one of 40 the compressor system according to any one of
claims 1 to 3, comprising claims 1 to 7; and
a separator configured to separate a production
a control unit configured to perform supply con- fluid drawn from a production well into the gas
trol such that, when predetermined conditions and a liquid and supply the result to the com-
are satisfied, the compressor hydrate anti freez- 45 pressor.
ing agent supply unit starts supply of the hydrate
anti freezing agent to the compressor. 9. A compressor cleaning method in which a compres-
sor configured to compress a gas is cleaned, com-
5. The compressor system according to claim 4, prising:
50
wherein the control unit includes a gas discharging process in which the gas in-
a first reference determination unit configured side the compressor is discharged;
to determine whether a difference between acompressor hydrate anti freezing agent supply
characteristic values of the gas on an inlet side process in which part of a hydrate anti freezing
of the compressor and an outlet side of the com- 55 agent for preventing hydration of the gas sup-

pressor satisfies a predetermined first refer-
ence, and
a supply start instruction unit configured to send

18

plied to a compressed gas circulation unit in
which a gas compressed by the compressor cir-
culatesis supplied to the compressorfrom which
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the gas is discharged in the gas discharging
process; and

a pressure changing process in which a pres-
sure of the hydrate anti freezing agent in the
compressor is changed. 5

10. The compressor cleaning method according to claim
9, comprising

a storing process in which the hydrate anti freez- 10
ing agent is stored in the compressor,
wherein, in the pressure changing process, a
pressure of the hydrate anti freezing agent
stored in the storing process is changed.
15
11. The compressor cleaning method according to claim
9 or 10, comprising

a first reference determining process in which it
is determined whether a difference between 20
characteristic values of the gas on an inlet side
of the compressor and an outlet side of the com-
pressor satisfies a predetermined first refer-
ence, and
a supply start process in which, when it is deter- 25
mined in the first reference determining process
that the first reference is satisfied, supply of the
hydrate anti freezing agent to the compressor
starts.
30
12. The compressor cleaning method according to claim
11, comprising

a second reference determining process in
which, after supply of the hydrate anti freezing 35
agent to the compressor starts, it is determined
whether a difference between characteristic val-
ues of the gas on the inlet side of the compressor
and the outlet side of the compressor satisfies
a predetermined second reference, and 40
a heat supply process in which, when it is deter-
mined in the second reference determining
process that the second reference is satisfied,
the heated hydrate anti freezing agent is sup-
plied to the compressor. 45

50

55
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FIG. 4
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