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(54) A METHOD OF PREPARING A PIPELINE SYSTEM FOR MAINTENANCE

(57) A method of preparing a system (100) for a main-
tenance operation, said system (100) comprising
- a first subsystem (110) containing a super-atmospheric
gas,
- a second subsystem (120) connected with said first sub-
system (110), and
- a third subsystem (130) between the first and second

subsystems;
via intermediate subsystems (170a, 170b) comprising
valve seats with a vent opening (246) in between. The
intermediate subsystems are for example ball valves. To
avoid gas escaping from the system (100), subatmos-
pheric is applied to the vent openings (246) to discharge
the gas and prevent it from leaking.
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Description

[0001] The present invention relates to a method of
preparing a system for a maintenance operation, said
system comprising

- a first subsystem containing a super-atmospheric
gas,

- a second subsystem, and
- a third subsystem between the first subsystem and

the second subsystem;

said first subsystem and said second subsystem being
connected via an intermediate subsystem capable of al-
lowing gas to flow between the first subsystem and the
second subsystem via the third subsystem, said interme-
diate subsystem comprising

- a first sealing valve seat,
- a second valve seat between the first sealing valve

seat and the second subsystem, and
- a vent opening between the first sealing valve seat

and the second valve seat;

said third subsystem and said second subsystem being
connected via a further intermediate subsystem capable
of allowing gas to flow between the third subsystem and
the second subsystem, said further intermediate subsys-
tem comprising

- a third sealing valve seat,
- a fourth valve seat between the third sealing valve

seat and the third subsystem, and
- a second vent opening between the third sealing

valve seat and the fourth valve seat;

said method comprising

- the discharge of gas present between the first seal-
ing valve seat and the second valve seat via the vent
opening before performing a maintenance step of
the maintenance operation downstream of said sec-
ond valve seat with respect to the first sealing valve
seat, and

- the discharge of gas present between the third seal-
ing valve seat and the fourth valve seat via the sec-
ond vent opening before performing a maintenance
step of the maintenance operation between the sec-
ond valve seat and the fourth valve seat.

[0002] Systems comprising super-atmospheric gas
are well known in the art. They are for example systems
comprising natural gas, syngas, or carbon dioxide, where
the gas is treated, or increased or reduced in pressure.
Such a gas may thus be flammable, toxic or otherwise
constitute a hazzard. Often it is paramount that a plant
comprising such a system remains operational despite
the maintenance, or that the downtime for maintenance

is kept to a minimum. The presence of gas escaped from
the system at the location where maintenance is to be
performed may however pose a risk for people perform-
ing the maintenance. Depending on the job at hand, these
may be expensive specialists and the number of them
can be considerable. If ambient gas measurements at
the location where maintenance is to be performed show
that the leaked gas levels are above what is acceptable
according to safety procedures or allowable, the resulting
delay can be very costly. To prevent gas in the interme-
diate system from passing to the (ambient) atmosphere
at the location where the maintenance operation is to be
performed, it is known to block gas from passing from
the first subsystem into the intermediate subsystem using
the first sealing valve seat, and then bleed the gas from
the intermediate subsystem via a vent opening into the
outside atmosphere.
[0003] The object of the present invention is to provide
a method with a reduced risk of delay and/or an increased
level of safety and/or to improve the availability of a plant
or a larger part thereof. This in particular in case of leaky
or potentially leaking seals of the valve seats.
[0004] To this end, a method according to the preamble
is characterized in that the method comprises before per-
forming a maintenance step of the maintenance opera-
tion

- applying suction to the vent opening for discharging
the gas present between the first sealing valve seat
and the second valve seat before performing said
maintenance step

- the discharge of gas present between the third seal-
ing valve seat and the fourth valve seat via the sec-
ond vent opening between the second valve seat
and the fourth valve seat by applying suction to the
second vent opening;

wherein the suction is applied to achieve sub-atmospher-
ic pressure in at least one intermediate system of the
system.
[0005] By applying suction to both the first vent opening
and the second vent opening the risk is effectively re-
duced that gas present in the first subsystem can pass
the second valve seat and reach the location where main-
tenance is to be performed. This may occur if the first
sealing valve seat and the second valve seat don’t prop-
erly seal. Thus, according to the invention, the third sub-
system can be isolated from the first and second subsys-
tem and subjected to maintenance without having to de-
pressurize either of the first and second subsystems.
[0006] In the present application, maintenance in-
cludes any work on a third subsystem, whether it is in-
spection, cleaning, repair, modification, or replacement
of a part. A maintenance operation is a series of one or
more maintenance steps, and the method according to
the invention specifies that at least one of these is not
performed before the discharge of gas using suction. The
third subsystem typically comprises an apparatus such
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as a compressor, a flow metering systeem, a gas drying
equipment, a tank or a vessel, a filter separator, a heat
exchanger, a well head, or a vapour recovery unit.
[0007] The intermediate subsystems comprise for ex-
ample a ball valve, said ball valve comprising the valve
seats and the vent opening.
[0008] Active discharge (suction) of gas is achieved
using a vacuum-pump.
[0009] By way of example, a sub-atmospheric pres-
sure between the first sealing valve seat and the second
valve seat prevents gas from flowing past it to the second
subsystem. Any sub-atmospheric pressure is effective,
however minute. For practical purposes, the sub-atmos-
pheric pressure is at least 0.02 Bar below ambient at-
mospheric pressure, preferably at least 0.05 Bar and
more preferably at least 0.08 Bar. A deeper sub-atmos-
pheric pressure makes the method less susceptible to
any changes in sub-atmospheric pressure applied or oth-
er disturbances.
[0010] It is preferred that both intermediate subsys-
tems are at sub-atmospheric pressure.
[0011] In the present application, the term gas also en-
compasses vapour. The term ’sealing valve seat’ is a
seat for blocking the flow of pressurized gas from a pres-
surized subsystem to a subsystem at a lower pressure,
such as a depressurized subsystem.
[0012] Preferably, the gas is discharged using a bleed
conduit that releases the gas from the intermediate sub-
system into the outside atmosphere at a safe location
away from the location where maintenance is to be per-
formed. The bleed line comprises between a pressure
gauge and a vacuum pump a valve, e.g. an on-off valve,
a control valve, a pressure regulator, or a non-return
valve.
[0013] WO2005/026603 discloses a method of vacu-
um-purging gas in a pipe or tank.
[0014] According to a favourable embodiment, the in-
termediate subsystem, the third subsystem and the fur-
ther intermediate subsystem define a branche connect-
ing the first subsystem with the second subsystem, the
system further comprising a second branch connecting
the first subsystem and the second subsystem.
[0015] Such a system allows for maintenance of the
third subsystem of one branch while the other branch
remains operational, albeit the system operates possibly
at a lower capacity.
[0016] According to a favourable embodiment, the sys-
tem comprises a pressure gauge for measuring the pres-
sure of an intermediate subsystem of the system.
[0017] This gives an indication of the safety of the area
where maintenance is to be carried out. The pressure
gauge can also be used to control the vacuum pump
used to provide suction. Also, the pressure gauge can
be used in combination with a PLC to detect a sudden
leak rate (exceeding of a preset pressure gradient limit)
or a leak rate beyond the capacity of the suction system
(exceeding of a preset pressure limit) and can be used
to generate an alarm at the location where the mainte-

nance is performed and/or in the Control Room without
delay in case of a developping potential dangerous situ-
ation.
[0018] According to a favourable embodiment, the sys-
tem comprises a pressure gauge for measuring the pres-
sure upstream of a vacuum pump providing said suction,
the flow resistance Rvv-pgbetween i) the location of the
gas between the first sealing valve seat and the second
valve seat and ii) the location of the pressure gauge being
lower than the flow resistance Rpg-vp between i) the lo-
cation of the pressure gauge and ii) the vacuum pump.
[0019] Thus the risk can be reduced that in case of
strong leakage by the first sealing valve seat, the pres-
sure measured by the pressure gauge represents the
pressure between the first sealing valve seat and the
second valve seat, with a sub-atmospheric reading indi-
cating that no gas will pass from the first subsystem past
the second valve seat. The relatively high flow resistance
between the pressure gauge and the vacuum pump can
be achieved using a constriction. For practical purposes,
the constriction will be balanced by the desire to effec-
tively extract gas to be discharged by the vacuum pump.
[0020] According to a favourable embodiment, the gas
extracted by suction is diluted to below the its Lower Ex-
plosion Limit.
[0021] For example, natural gas will be diluted to below
5% by volume of natural gas in air. Thus it cannot explode.
[0022] According to a favourable embodiment, dilution
is done with an inert gas.
[0023] The inert gas is for example carbon dioxide. Ac-
cording to an interesting embodiment, the inert gas is
flue gas obtained by combustion, e.g. by combusting a
hydrocarbon such as methane, propane, butane, or a
liquid fuel such as diesel or gasoline. Thus it is possible
to reduce the oxygen content of air before dilution. This
saves significantly in the amount of gas used for dilution.
Advantageously, the inert gas is nitrogen or steam, both
of which are often available at plants.
[0024] According to a favourable embodiment, the suc-
tion is applied using a venturi-based vacuum pump.
[0025] Thus the gas extracted from the intermediate
system does not pass any mechanical moving parts that
might cause ignition if the gas is flammable. The venturi-
based pump is an ejector or a jet pump. In case the gas
extracted is flammable, the venturi-based pump is pref-
erably fed with an inert gas such as nitrogen or steam
instead of air, reducing the risk of an explosive atmos-
phere in the means used for discharging the gas.
[0026] According to a favourable embodiment, the in-
termediate subsystems comprise a ball valve, said ball
valve comprising the first sealing valve seat, the second
valve seat and the vent opening.
[0027] Venting ball valves is an important area of ap-
plication of the method according to the invention.
[0028] According to a favourable embodiment, the sec-
ond valve seat is a second sealing valve seat.
[0029] In such a case, it is easier to achieve a sub-
atmospheric pressure. Also, the second sealing valve
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seat acts as a safety measure should there be a failure
in the system that provides for the sub-atmospheric pres-
sure. A ball valve comprising both first and second seal-
ing valve seats is commercially available as a ball valve
with double-piston effect, a.k.a. as a double isolation and
bleed valve.
[0030] According to a favourable embodiment, the
fourth valve seat is a fourth sealing valve seat.
[0031] In such a case, it is easier to achieve a sub-
atmospheric pressure.
[0032] According to a favourable embodiment, the
sub-atmospheric pressure is maintained while the at
least one maintenance step of the maintenance proce-
dure is performed.
[0033] Thus the method is a method for performing
maintenance. Preferably, the sub-atmospheric pressure
is maintained during the full maintenance procedure, thus
reducing the risk of gas leakage via an intermediate sys-
tem to the depressurized third subsystem during the full
maintenance procedure.
[0034] According to a favourable embodiment, the
pressure in the intermediate subsystem is monitored us-
ing a pressure gauge, and a vacuum pump used for ap-
plying suction is controlled by the pressure gauge.
[0035] This allows for a saving in energy and/or, if an
inert gas such as nitrogen is used (e.g. as used as a
motive gas), in a saving of inert gas. This control of the
suction is for example achieved by controlling the flow of
the motive gas for a venturi-based vacuum pump.
[0036] According to a favourable embodiment, the
bleed line comprises between the pressure gauge and
the vacuum pump a non-return valve.
[0037] When a sufficiently low pressure in the interme-
diate subsystem is achieved, measured by the pressure
gauge, the vacuum pump can be stopped upon which
this non-return valve closes. In case the pressure in the
intermediate subsystem then raises due to leakage of
pressured gas and/or air into the intermediate subsys-
tem, and exceeds a certain preset level, the vacuum
pump can be started again, until the pressure is suffi-
ciently low to stop the pump again, etcetera. If there is
very little leakage of pressured gas and/or air into the
intermediate system, limited uptime of the pump needs
to be applied and a significant saving in energy and/or
inert gas is achieved.
[0038] According to a favourable embodiment, the
third subsystem comprises a compressor.
[0039] Thus more specifically the method according to
the present invention relates to a method of preparing a
system comprising a compressor, which is an important
area of application of the method.
[0040] The present invention will now be illustrated with
reference to the drawing where

Fig. 1 shows a schematic layout of a super-atmos-
pheric pressure system;
Fig. 2 shows a cross-sectional view through an in-
termediate subsystem of the system of Fig. 1; and

Fig. 3 shows a schematic layout of an alternative
super-atmospheric pressure system similar to Fig. 1.

[0041] Fig. 1 shows a schematic layout of a system
100 comprising a first subsystem 110 and a second sub-
system 120. The system 100 comprises a first branch
101 connecting the first subsystem 110 to the second
subsystem 120; and comprises a second branch 102,
also connecting the first subsystem 110 with the second
subsystem 120.
[0042] In the embodiment discussed here, natural gas
in the first subsystem 110 with a pressure of 90 Bar is
raised in pressure to 200 Bar using compressors 121,
121’. If compressor 121 of the first branch 101 needs
maintenance, it needs to be isolated from any subsystem
that remains pressurized and be brought to atmospheric
pressure. To this end there is an intermediate subsystem
170a between the first subsystem 110 and a third sub-
system 130 comprising the compressor 121; and a fur-
ther intermediate subsystem 170b between the third sub-
system 130 and the second subsystem 120. The inter-
mediate subsystem of the first branch comprises an up-
stream ball valve 123, and the further intermediate sub-
system 170b comprises a downstream ball valve 122.
To perform maintenance on the compressor 121, both
of these ball valves are closed. Conveniently, said ball
valves are double piston effect ball valves.
[0043] The internal volume of the ball valves contain
gas under high pressure. This gas is, as is known in the
art, discharged via a bleed opening into the (outside) at-
mosphere.
[0044] If, for example, the upstream ball valve 123 is
leaky, gas may stil leak from the first subsystem 110 to-
wards the compressor 121, causing a dangerous situa-
tion to exist.
[0045] According to the present invention, a sub-at-
mospheric pressure is applied to the ball valves by con-
necting a bleed line 150 and a vacuum pump 160 to the
bleed opening. This will be discussed in more detail with
reference to Fig. 2.
[0046] To apply the sub-atmospheric pressure, the
bleed line 150 is provided with an ejector vacuum pump
160, driven by an air pump 161. This air pump 161 pref-
erably provides so much motive air that the gas in the
bleed line 150 is diluted to below the Lower Explosion
Limit, eliminating the danger of an explosion, and dis-
charged via a section of the bleed line 150 downstream
of the ejector vacuum pump 160 to a safe location.
[0047] By keeping the valves 122’, 123’ of the second
branch 102 open, the second branch 102 can remain
operational, whereas maintenance can be performed on
the first branch 101.
[0048] Fig. 2 shows a cross-sectional view through an
intermediate subsystem 170 of the system of Fig. 1, em-
bodied in a ball valve comprising a housing 205. The ball
valve is a standard double-piston-effect ball-valve com-
prising a first sealing valve seat 231 and a second sealing
valve seat 241. The valve seats can slide in a correspond-
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ing seat pocket. In general, there will be O-rings (not
shown) for sealing the valve seats against the seat pock-
et. The first sealing valve seat 231 comprises a through-
hole 232 and the second sealing valve seat 241 compris-
es a through-hole 242.
[0049] The ball valve further comprises a ball 233 hav-
ing a through-hole 234. Springs 291 are present to push
the valve seats against the ball 233. The ball 233 can be
rotated using spindle 292 so as to open and close the
ball valve. In Fig. 2 it is closed. If the ball 233 is rotated
over 90°, the through-holes 232, 234 and 242 are aligned
and the ball 233 allows gas to be transported through the
ball valve.
[0050] To discharge gas present in the cavity 245 of
the ball valve, a vent opening 246 is provided, which is
connected to bleed line 150.
[0051] A ball valve as disclosed above is known in the
art.
[0052] According to the present invention, suction is
applied. Thus, not only is gas actively discharged from
the cavity 245, but more importantly leakage of gas via
the first sealing valve seat 231 through the second valve
seat 241 is reduced and - if sub-atmospheric pressure is
achieved in the cavity of the ball valve - prevented. Thus,
escape of gas from the first subsystem 110 downstream
of the second valve seat 241 can be prevented, helping
to create a safe working environment for performing a
maintenance operation.
[0053] In the embodiment shown, there is a pressure
gauge 270 for determining whether sub-atmospheric
pressure has been achieved, indicating that no gas will
escape from the ball valve. The pressure gauge 270 can
be used to control the air pump 161, which can save
energy and/or save inert gas such as nitrogen if that is
used as motive gas. In the embodiment shown in Fig. 2,
the bleed line 150 comprises between the pressure
gauge 270 and the vacuum pump 160 a non-return valve
287. When a sufficiently low pressure in the intermediate
subsystem is achieved, meassured by the pressure
gauge, the vacuum pump can be stopped upon which
this non-return valve closes. In case the pressure in the
intermediate subsystem then raises due to leakage of
pressured gas and/or air into the intermediate subsys-
tem, and exceeds a certain preset level, the vacuum
pump can be started again, until the pressure is suffi-
ciently low to stop the pump again, etcetera. If there is
very little leakage of pressured gas and/or air into the
intermediate system, limited uptime of the pump needs
to be applied and a significant saving in energy and/or
inert gas is achieved.
[0054] The bleed line 150 contains a constriction 251.
As a result, the flow resistance in an upstream section
252 of the bleed line 150 where the pressure gauge 270
is located is lower than the flow resistance in a down-
stream section 253 between the pressure gauge 270 and
the ejector vacuum pump 160. Thus the reliability of the
pressure gauge 270 being capable of indicating that a
sub-atmospheric pressure is present in the cavity 245 is

improved when the pump is in operation and the non-
return valve 287 is open.
[0055] A drain opening 293 may be present between
the first sealing valve seat 231 and the second valve seat
241. During normal operation this drain opening 293 is
closed using a plug. While not preferred because gas
might escape via it, an open drain opening 293 is allow-
able if strong suction is applied by the vacuum pump
(here ejector vacuum pump 160), in particular if the flow
resistance via said drain opening 293 is larger than the
flow resistance in the bleed line 150 from the cavity to
the ejector vacuum pump 160. Thus, ambient air is
sucked in, preventing gas from escaping from the cavity
245 through the drain opening 293.
[0056] The drain opening 293 may be advantageously
provided with the pressure gauge 270, to ensure the
reading on the pressure gauge corresponds with the
pressure in the cavity and is not affected by any dynamic
pressure losses in the bleed line 150.
[0057] Fig. 3 corresponds substantially to Fig. 1, with
the difference that instead of (double piston effect) ball
valves use is made of two pairs of single sealing seat
valves 330. Each pair has a bleed line 336 provided be-
tween the two single sealing seat valves 330 of that pair.
[0058] By closing said single sealing seat valves 330,
and opening valves 335 of the bleed lines 336, suction
can be applied and gas present between the single seal-
ing seat valves 330 of each pair discharged.
[0059] By keeping, for the second branch 102 which
connects the pressurized first subsystem 110 with the
pressurized subsystem 120, the valves 330 open and
the valves 335 closed, the second branch 102 can remain
operational, whereas maintenance can be performed on
the first branch 101 safely.
[0060] The method according to the present invention
can be varied in many ways within the scope of the ap-
pending claims. For example, if one of the pressurized
subsystems 110, 120 is depressurized during mainte-
nance, only one intermediate subsystem 170 is neces-
sary. The bleed lines 150 may be present permanently
in a system, or are connected to an intermediate system
using a mobile vacuum system before maintenance and
removed after maintenance. Each individual intermedi-
ate subsystem may have an individual suction system,
independent of other intermediate subsystems, or they
can be combined in any favourable combination, depend-
ing on the situation at hand.

Claims

1. A method of preparing a system (100) for a mainte-
nance operation, said system (100) comprising

- a first subsystem (110) containing a super-at-
mospheric gas,
- a second subsystem (120), and
- a third subsystem (130) between the first sub-
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system (110) and the second subsystem (120);

said first subsystem (110) and said second subsys-
tem (120) being connected via an intermediate sub-
system (170a) capable of allowing gas to flow be-
tween the first subsystem (110) and the second sub-
system (120) via the third subsystem (130), said in-
termediate subsystem (170a) comprising

- a first sealing valve seat (231),
- a second valve seat (241) between the first
sealing valve seat (231) and the second subsys-
tem (120), and
- a vent opening (246) between the first sealing
valve seat (231) and the second valve seat
(241);

said third subsystem (130) and said second subsys-
tem (120) being connected via a further intermediate
subsystem (170b) capable of allowing gas to flow
between the third subsystem (130) and the second
subsystem, said further intermediate subsystem
(170b) comprising

- a third sealing valve seat (231),
- a fourth valve seat between the third sealing
valve seat (231) and the third subsystem (130),
and
- a second vent opening (246) between the third
sealing valve seat (231) and the fourth valve
seat (241);

said method comprising

- the discharge of gas present between the first
sealing valve seat (231) and the second valve
seat (241) via the vent opening (246) before per-
forming a maintenance step of the maintenance
operation downstream of said second valve seat
(241) with respect to the first sealing valve seat
(231), and
- the discharge of gas present between the third
sealing valve seat (231) and the fourth valve
seat (241) via the second vent opening (246)
before performing a maintenance step of the
maintenance operation between the second
valve seat (241) and the fourth valve seat (241);

characterized in that the method comprises before
performing a maintenance step of the maintenance
operation

- applying suction to the vent opening (246) for
discharging the gas present between the first
sealing valve seat (231) and the second valve
seat (241) before performing said maintenance
step
- the discharge of gas present between the third

sealing valve seat (231) and the fourth valve
seat (241) via the second vent opening (246)
between the second valve seat (241) and the
fourth valve seat (241) by applying suction to
the second vent opening (246);

wherein the suction is applied to achieve sub-atmos-
pheric pressure in at least one intermediate system
(170a, 170b) of the system (100).

2. The method according to claim 1, wherein the inter-
mediate subsystem (170a), the third subsystem
(130) and the further intermediate subsystem (170b)
define a branche (101) connecting the first subsys-
tem (110) with the second subsystem (120), the sys-
tem (100) further comprising a second branch (102)
connecting the first subsystem (110) and the second
subsystem (120).

3. The method according to claim 1 or 2, wherein the
system (100) comprises a pressure gauge (270) for
measuring the pressure of an intermediate subsys-
tem (170a, 170b) of the system (100).

4. The method according to claim 3, wherein the sys-
tem (100) comprises a pressure gauge (270) for
measuring the pressure upstream of a vacuum pump
(160) providing said suction, the flow resistance
Rvv-pg between i) the location of the gas between the
first sealing valve seat (231) and the second valve
seat (241) and ii) the location of the pressure gauge
(270) being lower than the flow resistance Rpg-vp be-
tween i) the location of the pressure gauge (270) and
ii) the vacuum pump (160).

5. The method according to any of the preceding
claims, wherein the gas extracted by suction is dilut-
ed to below the its Lower Explosion Limit.

6. The method according to any of the preceding
claims, wherein dilution is done with an inert gas.

7. The method according to any of the preceding
claims, wherein the suction is applied using a venturi-
based vacuum pump (160).

8. The method according to any of the preceding
claims, wherein the intermediate subsystems (170a,
170b) comprise a ball valve (123), said ball valve
(123) comprising the first sealing valve seat (231),
the second valve seat (241) and the vent opening
(246).

9. The method according to any of the preceding
claims, wherein the second valve seat (241) is a sec-
ond sealing valve seat (241).

10. The method according to any of the preceding
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claims, wherein the fourth valve seat (241) is a fourth
sealing valve seat (241).

11. The method according to any of the preceding
claims, wherein the sub-atmospheric pressure is
maintained while the at least one maintenance step
of the maintenance procedure is performed.

12. The method according to any of the preceding
claims, wherein the pressure in the intermediate sub-
system (170a) is monitored using a pressure gauge
(270), and a vacuum pump (160) used for applying
suction is controlled by the pressure gauge (270).

13. The method according to claim 12, wherein the bleed
line (150) comprises between the pressure gauge
(270) and the vacuum pump (160) a non-return valve
(287).

14. The method according to any of the preceding
claims, wherein the third subsystem (130) comprises
a compressor (121).
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