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(87) Abstract: The method for cleaning chemical process and hydrocarbon processing apparatuses is performed by establishing
a closed flow circulation loop, under specific operating conditions and in the presence of hydrocarbon-based fluids. The cleaning
method is monitored by performing chemical/physical analysis. After cleaning the apparatus(es) can be immediately inserted back
into the process. An optional degassing step can also be performed, in case the apparatus(es) has to be disassembled for inspection

of maintenance.
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CLOSED LOOP CLEANING WITH HYDROCARBON BASED FLUID

BACKGROUND OF THE INVENTION

This invention relates to a method for cleaning apparatus(es) of a
chemical plant or hydrocarbon processing plant, wherein cleaning is
performed by establishing a closed tlow circulation loop.

In the chemical and the hydrocarbon processing industry (e.g. oil field,
refining, petrochemical), cleaning of apparatus(es) occurs for different
purposes such as maintenance and inspection, or for recovering the
performance of said apparatus(es). Such apparatuses include, but are not
limited to, heat exchangers, distillation columns, reactors, filters, pumps,
heaters, pipelines, vessels, desalters, extractors, separators and the like.
The cleaning operation 1s performed to remove contaminants, foulants,
sludge, deposits and the like, which are detrimental both to the operation
of the unit and to health and safety of the maintenance personnel.
Generally speaking, fouling of process apparatuses arises from deposition
of hcavy compounds. These heavy compounds have boiling point or a

melting point> 100 °C and generally result from degradation of fluids

which are part of the process. Sometimes degradation can even lead to

coke and coke-like deposits.

All the examples hereinafter reported are to be intended for the mere
purpose of illustration and should not be construed as limiting the
invention.

Hydrocarbon processing plants suffer from fouling of apparatus{es).
Crude o1l just as extracted even gives rise to such a problem. For

example, oil-gas separators, distillation columns, heat exchangers, filters



10

15

20

25

CA 02485415 2004-11-08

WO 03/103863 PCT/IT03/00359

are subject to this phenomenon. All crude o1l processing cycle, from
refining to petrochemical plants, as well as energy industry, suffer this
problem. When a processing apparatus is fouled, it has to be i1solated from
the process, emptied from fluids, degassed, disassembled and cleaned,
then mounted again in the plant and inserted in the process. Therefore,
fouling implies: a) energy efficiency reduction; b) production loss; c)
maintenance work; d) waste disposal; e) airborme pollution generation; )
safety concerns; g) reduced environmental performance.

Cleaning of processing apparatus can also be performed during plant
turnaround; in this case time for cleaning can be the limiting factor of
turnaround duration, which will affect the economics of yearly production.
In todays’ state of the art, cleaning of apparatuses is performed after
degassing in a specific way for each type of apparatus. Generally,
washing with water high pressure jet (hydroblasting) i1s the common
choice for cleaning. Finally, all the cleaning methods are time consuming,
can be applied to a single apparatus at a time and can lead to apparatus
damage (e.g. heat exchanger bundle is damaged upon extraction).
Moreover they give rise to environmental and safety concerns, as waste
and emissions are generated during the cleaning process and working
personnel is exposed to chemical and mechanical risks.

As an exemplary illustration, todays technologies for cleaning heat
exchangers in the hydrocarbon processing industry comprise the following
operations: a) flushing; b) isolating the equipment from the process and
blinding; ¢) removing the hydrocarbons; d) steaming out for gas and light
hydrocarbons removal (degassing); ¢) unbolting; f) removing covers and

distributor; g) extracting the bundle; h) transporting the bundle from plant
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to washing area; 1) hydroblasting; j) transporting the bundle from washing
area to plant; k) inserting the bundle; 1) inserting new gaskets, m)
installing covers and distributor; n) bolting; 0) removing blinding; p) air
removal and purging; q) inserting the apparatus in the process.

There have been some attempts in the art to develop a cleaning method
which would improve the mechanical methods, but these have been

unsatisfactory for industnal practices and needs.

Accordingly, there is a continued need in the art for an improved cleaning

method, which can avoid all of these pitfalls.

SUMMARY OF THE INVENTION

The present invention provides a method for cleaning chemical process
and hydrocarbon processing apparatuses, wherein cleaning 1s performed
by establishing a closed flow circulation loop, under specific operating
conditions and in the presence of hydrocarbon-based fluids. The cleaning
method is monitored by performing chemical/physical analysis. After
cleaning under present invention, the apparatus(es) can be immediately
inserted back into the process. An optional degassing step can also be
performed, in case the apparatus(es) has to be disassembled for inspection

or maintenance.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 reports a general layout of a plant for accomplishing the method
under present invention. Figure 2 reports the applicative example of the
cleaning of a Visbreaker plant bottom circuit. Figures 3, 4, 5, 6 report the
applicative example of the cleaning of a Topping plant. Figure 7 reports
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the applicative example of the cleaning of a quench o1l circuit of an
Ehtylene plant. Figures 8, 9 report alternative layouts of a plant for

accomplishing the method under present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In its preferred embodiment, the present invention relates to a method for
cleaning chemical process and hydrocarbon process apparatus(es),
wherein cleaning is performed by establishing a closed flow circulation
loop of a hydrocarbon-based fluid. In another preferred embodiment, the
present invention relates to a method for gas-freeing chemical process and
hydrocarbon process apparatus(es), wherein degassing is performed after
the cleaning steps by establishing a closed flow circulation loop of a
water-based fluid.
By establishing a closed flow circulation loop of a hydrocarbon-based
fluid under present invention, at temperature and pressure conditions
under present invention, solubilization of heavy compounds like
contaminants, foulants, sludge, coke and the like inside the apparatus is
achieved. Such heavy compounds can be then easily removed by simply
pumping them out. In such a way the apparatus is cleaned without the
need of disassembling it, thus achieving an improvements on todays’s
state of the art.
The method of present invention comprises the steps of:

a) connecting the apparatus(es) to be cleaned to a plant essentially

composed of: 1) heating means, 11) a system for circulating a fluid, 111)



CA 02485415 2004-11-08
WO 03/103863 PCT/IT03/00339

a connection system for establishing a closed loop, 1v) inlet/outlet for
fluids, v) control means, vi) filtering means;

b) optionally isolating the apparatus(es) to be cleaned from other
process apparatus(es);

5 c) establishing a closed flow circulation loop which effectively
includes: 1) the apparatus(es) to be cleaned, i1) heating means, 111) a
system for circulating a fluid, iv) a connection system for
establishing a closed loop, v) inlet/outlet for fluids, v1) control
means, vii) filtering means;

10 d) filling the apparatus(es) with sufficient amount of a hydrocarbon-
based fluid, in a way that any apparatus(es) included in the loop be
full during subsequent circulation;

e) circulating through the loop the hydrocarbon-based fluid,;
f) heating the circulating hydrocarbon-based fluid to a temperature

15 comprised preferably between 100°C and 600 °C, most preferably
between 150°C and 500 °C, still most preferably between 200°C and
400 °C;

g) setting the pressure of the circulating hydrocarbon-based fluid to a
value comprised preferably between 1 bar and 50 bar, most

20 preferably between 10 bar and 50 bar, still most preferably between
25 bar and 50 bar;

h) circulating the hydrocarbon-based fluid for a time sufficient to clean
the apparatus(es), comprised preferably between 20 minutes and 7
days, at temperature comprised between 100°C and 600 °C and a

25 pressure comprised between 1 bar and 50 bar;
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i) optionally introducing a second hydrocarbon-based fluid to increase
heavy compunds solubilization;

j) optionally circulating the hydrocarbon-based fluid(s) under
conditions of temperature and pressure sufficient to maintain the
fluid at near or above its critical point;

k) monitoring the status of cleaning operations, as to determine
cleaning time, by performing chemical and/or physical analysis;

1) optionally reducing temperature and pressure of the circulating
hydrocarbon-based fluid(s) in order to allow subsequent flud
discharge;

m) optionally removing the circulating hydrocarbon-based fluid(s), by
pumping it out of the circulation loop or by dramning or by
displacement with a suitable fluid;

n) optionally recovering and reutilizing the hydrocarbon-based fluid(s);

0) optionally repeating the steps d) through n);

p) optionally degassing the apparatus(es) that has been cleaned, by
introducing water in the closed loop, introducing water-soluble fluids
and circulating the resulting solution.

Hydrocarbon-based fluid(s) under present invention can be of different
type. Eventual recover and/or reuse of cleaning fluid, containing a
hydrocarbon-based fluid(s) under present invention together with heavy
compounds solubilized in the apparatus that has been cleaned, can be
done in different ways, as for example: a) as blending component for fuel
oil; b) reprocessing it together with crude oil; ¢) pump it to slop circuit; d)
pump it in a part of the chemical/hydrocarbon processing plant to which 1s

a part of the apparatus(es) that has been cleaned; €) pump it to another
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chemical/hydrocarbon processing plant. A further advantage of reusing
cleaning fluid 1is, beside environmental considerations, to recover

hydrocarbon-based fluid(s) under present invention .

In another preferred embodiment, present invention relates to a method
for cleaning heat exchangers.

In still another preferred embodiment, present invetion relates to a method
for cleaning process heaters.

In a further preferred embodiment, present invetion relates to a method for
cleaning reactors.

In another preferred embodiment, present invetion relates to a method for
cleaning distillation columns.

In still another preferred embodiment, present invetion relates to a method
for cleaning lines, filters, vessels and pumps.

In a further preferred embodiment, present invention relates to a method

for increasing furnace inlet temperature of an hydrocarbon processing

(HP) plant.

As a matter of fatcs furnaces in a HP plant are generally located
downstream heat exchangers, which have the function of increasing as
much as possible furnace inlet temperature (FIT). If these heat exchangers
fouls a FIT decrease will follow, with related energy, economic and
environmental losses. Cleaning of heat exchangers under present
invention allows increasing FIT without extracting the bundle(s) of heat
exchanger(s), which can, among the others, cause production losses. By
cleaning any apparatus(es) under present invention the apparatus(es)

and/or the HP plant can immediately be re-started without any particular
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procedure, as cleaning is performed in the hydrocarbon phase, without
disassembling the apparatus(es).

As used in present invention the term “hydrocarbon-based fluid(s)” can be
indifferently referred to a hydrocarbon-based fluid or any mixture of
hydrocarbon-based fluids under present invention.

The method of present invention is accomplished by connecting the
apparatus(es) to be cleaned to a plant essentially composed of: 1) heating
means, 11) a system for circulating a fluid, 111) a connection system for
establishing a closed loop, 1v) inlet/outlet for fluids, v) control means, vi)
filtering means. |

An exemplary layout of such a plant, as reported in Figure 1, consists of a
metallic vessel 5, made up of any matenal, form and volume suitable for
the scope, preferably an hornizontal tank with rounded bottoms, capable of
being effectively submitted to a temperature between 100 °C and 600 °C
and a pressure between 1 bar and 50 bar. Obviuosly, all the other parts of

the plant have to be capable of being effectively submitted to a
temperature between 100 °C and 600 °C and a pressure between 1 bar
and 50 bar. Vessel 5 is connected in its lower part to a filter 18, a valve 4
and a pump 10 which discharges a hydrocarbon-based fluid(s) under
present invention to the apparatus(es) to be cleaned 6 through a line 18.
The piping of the plant under present invention is closed via line 16 which
connects the apparatus(es) to be cleaned 6 back to the vessel S.

Hydrocarbon-based fluid(s) under present invention, contained e.g. in a
vessel 8, is introduced by opening valves 3, 81 and 14 and closing valves
7 and 4; alternatively, it can be introduced by closing valves 4 and 14 and

opening valves 3, 81, 7, 24, 23. Vessel 5 i1s heated by means of a suitable
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heater, which can be inside 19 or outside 2 vessel S and 1s preferably
selected from the group consisting of: electrical resistance, fuel heater,
heat exchanger. In the case an external heating medium is the choice, this
will be preferably selected from the group consisting of: steam, organic
heat transfer fluid (diathermic oil). A temperature controller 11 sends a
signal to the heater 2 or 19. Such signal can act directly on the heater, as
the case of an electric resistance, or indirectly, e.g. by opening the inlet
valve of the external heating medium. A pressure controller 12 controls
valve 7 on the discharge side of pump 10, in order to regulate pressure
inside the loop at a definite value, and controls inert gas inlet valve 1,
preferably nitrogen, and pressure valve 13. In the case pressure would
exceed set-up value, pressure relief valve 9, set preferably on vessel §
preferably connected with a flare or blowdown system, will assure safety
from overpressure. In any case, when the plant reaches pressure set-up
value, the heater 2 will be turned off. A level controller 17 will assure that
pump 10 is working under liquid head in vessel §; for such a purpose it
will control valve 7. Vessel 5 1s hold under inert gas, preferably nitrogen,
pressure by means of inlet valve 1; inert gas inlet pressure has to be
slightly higher than the one of vessel §. Inlet of inert gas i1s controlled by
means of pressure controller 12, in order to replace with inert gas the free
space left from hydrocarbon-based fluid(s) in the vessel, and/or by means
of explosivity and/or oxygen analyzers 20 to assure the system from being
out of explosivity limits. Explosivity and/or oxygen analyzers will send a
signal which will stop all the plant, together with acoustic and wvisual

alarms, 1n case set-up limits will be exceeded. Valve 21 1s an auxihary
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exit, while valve 22 is an auxiliary inlet. Valves 23 and 24 allow the plant
to be connected or disconnected from the apparatus(es) to be cleaned.
Sensors of the controllers 11, 12 and 20 can be inserted preferably mn
vessel 5. Discharge line 15 and return line 16 can be fixed or mobile, of
any suitable type, included flexible hoses, preferably of the metallic type.
In an exemplary application of the method of present invention, the plant
is connected to the apparatus(es) to be cleaned by means of valves 23 and
24. which could also be part of such apparatus(es), in order to establish a
closed loop. A first hydrocarbon-based fluid is then introduced into the
closed loop by opening valve 22; then valves 81, 4, 7, 24, 23 are opened
to allow circulation. When the closed loop is full, valve 22 is closed. Then
valve 3 is opened to allow introduction of a second hydrocarbon-based
fluid(s) under present invention, and valves 21 and/or 22 are opened to
allow fluid displacement. Once the second hydrocarbon-based fluid(s) has
been pumped into the lbop, valve 3, 21 and/or 22 are closed and pump 10
is started-up to perform fluid circulation, then heater 19 and/or 2 are
turned on. The circulation flowrate can be determined by the minimum
diameter of the inlet/outlet lines of the apparatus(es) to be cleaned. During
circulation the flow can be reversed by closing valves 81, 4 and opening
valves 80, 82.

All electric connections, switches, actuators, controllers and any
apparatus for controlling and monitoring plant operations, included a
Distributed Control System, will be inserted in a suitable container.
Eventally, a remote control can also be realized. All the plant units,

materials, construction codes, electrical connections, and any part of the
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plant will have to satisfy all the rcgulations in force for the area wherein
the plant is operating, included the ones for preventing fires or explosions.
Mechanical connections among the parts can be of any suitable type, e.g.,
flanged, welded, screwed, with rapid connections, etc.

The plant reported in FIG. 1 can be a mobile unit, eventually a skid
mounted one, in that it is not a part of the plant which contains the
apparatus(es) to be cleaned, therefore it can be disconnected from the
apparatus(es) to be cleaned, by closing valves 23 and 24, and then
connected to another apparatus(es) to perform its cleaning.

Another exemplary layout of a plant for accomplishing the method of
present invention is reported on FIG. 8. In such a layout the heating
system consists of a heat exchanger 27 connected on one side, e.g. on the
shell side, with an external heating source 152 selected from the group of:
1) steam, 11) a fluid with a temperature>100.degree. C., i11) a plant
according to FIG. 1, wherein flows an organic heat transter fluid or a
steam producing fluid. Apparatus(es) to be cleaned 6 1s connected to the
other side of heat exchanger 27, e.g. in the tube side, in order to establish
a closed loop; hydrocarbon-based fluid(s) under present invention,
contained 1n a vessel 8, is infroduced in any point of the closed loop.
Circulation pump 10 performs circulation of hydrocarbon-based tluid(s)
and can supply pressure to the system. The solids on the circulating fluid
arc trapped by means of a filter 18. Flow reversion is achieved by means
of valves 80, 81,82, 4.

In some cases, to accomplish the method of present invention, it is not
necessary to connect a mobile plant like those of FIGS. | and 8, but,

always under the method of present invention, it 1s sufficient to establish a
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closed loop directly in the chemical/hydrocarbon processing plant which
contains the apparatus(es) to be cleaned, provided such closed loop
contains a heating medium and/or a heater. This can be the case of
hydrocarbon processing plants, e.g., oil-field, refining and petrochemicals
plants. In such cases it will be sufficient to establish a closed flow
circulation loop inside the hydrocarbon processing plant which contains
the apparatus(es) to be cleaned, introducing hydrocarbon-based fluid(s)
under present invention, set temperature and pressure inside the loop
according to the values of present invention, perform circulation and
optionally perform recover/reuse of cleaning fluid(s).

A plant to accomplish the method of present invention 1s therefore also
the same chemical/hydrocarbon processing plant which contains the
apparatus(es) to be cleaned, connected in way of establishing a closed
loop with apparatus(es) to be cleaned. In some cases the heating means
can be part of a different chemical/hydrocarbon processing plant, wherein
such heating means can be connected in any suitable way to the
chemical/hydrocarbon processing plant which contains the apparatus(es)
to be cleaned, in order to establish a closed flow circulation loop.

The heating means to establish suitable temperature inside the loop can be
preferably selected from the following group: 1) fuel heater; 1) steam
reboiler; 1) organic heat transfer fluid heater or rebolier, iv) heat
exchanger; v) electric heater; vi) steam; vii) organic heat transfer fluid,
viil) a flmd having a temperature > 100°C.

Figure 2 reports an exemplary industrial application of present invention
for a Visbreaker Unit, normally installed in a crude o1l refinery. During

normal operation, plant feedstock (Topping and/or Vacuum residues) is
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stocked tn a surge drum 100 and by means of a pump 101 flows through
the heat exchangers 102, 103, 104, 105, 106 and hence 1n the heater 107
and 1n the distillation column 108; from the bottom of this column, by
means of a pump 109, distillation residue, after transterring its heat to
heat exchangers 102, 103, 104, 105, 106, 110, 111, 112, 113, 114, 115, 1s
sent to storage by means of a line 116. In cases wherein Visbreaker Unit
should have no suftficient feedstock to run at mmimum design capacity,
there 1s the possibility of circulating the residue by means of line 117; 1n
such a way starting-up of the Visbreaker will be much quicker as
compared to a plant shutdown. Altematively, line 117 can be utihized
during start-up, until product exiting the plant satisfy their specifications.
Line 117 has for Visbreaker only the functions described hereinabove and
1s never utilized during shutdown. During Visbreaker shutdown, before
apparatuses are set out of service for cleaning, a tlushing with gas ol 1s
performed. In such a case the surge drum 100 is filled up with gas oil,
which flows through the plant and exits it via line 116. In such an
operation gas oil enters and exits the plant without establishing any
circulation loop; flushing is therefore a once-through operation, which
normally lasts 1-4 hours. Flushing is an operation which comprises the
following steps: 1) pump a light hydrocarbon, preferably gas oil, at the
beginning of plant battery limits; 1) immediately discharge the light
hydrocarbon, once 1t reaches the end of plant battery limits; i11) send the
light hydrocarbon to a storage tank. During flushing no circulation on a
closed loop 1s established mnside the plant. Flushing has the only purpose
of replacing heavy hydrocarbons with hghter ones, which flow at ambient
temperature, in order to avoid blocking of heavy hydrocarbons inside the

plant (which would not tlow, once the plant 1s
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cooled down and shut down). For the same purpose, flushing is also

pertormed betore apparatus(es) mechanical cleaning. Flushing has no or

little effect on fouling/deposits removal from the plant apparatuses: as a

matter of facts, after flushing the apparatuses to be cleaned are emptied

from hydrocarbons, steamed out (in order to remove flammable

hydrocarbons), disassembled and finally mechanically cleaned.

As an exemplary industrial application of the method of present

invention, cleaning of Visbreaker bottom exchangers comprises the

tollowing steps:

1.
2.

(29

inserting line 117 for establishing a closed flow circulation loop;

filling said closed loop with a first hydrocarbon-based fluid, preferably

selected from the following group: gasoline, kerosene, gas oil, Light

Cycle O1l, benzene, toluene, xylene, and the like;

. introducing in the closed loop, e.g. in point 118 or 119, a second

hydrocarbon-based fluid(s) under present invention;

. heating up the circulating fluid at a temperature preferably comprised

between 100° C. and 500° C., most preferably between 150° C. and
400° C.,, still most preferably between 150° C. and 250° C.;

. setting the pressure of the circulating fluid, at pump discharge, to a

value comprised preferably between 1 bar and 50 bar, most preferably
between 10 bar and 50 bar, still most preferably between 25 bar and 50

bar;

. circulating the fluid by means of pumps 101 and 109, at a flowrate as

for normal operation for such pumps, for a time sufficient to clean the
apparatus(es), comprised preferably between 20 minutes and 7 days, at
temperature comprised between 100° C. and 600° C. and a pressure

comprised between 1 bar and 50 bar;
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8. optionally setting temperature and pressure 1nside circulation loop as
to reach near critical or, preferably, supercritical conditions of
hydrocarbon-based fluid(s) under present invention;

9. monitoring the status of cleaning operations, as to determine cleaning
time, by performing chemical/physical analysis;

10.optionally reducing temperature and pressure of the circulating fluid in
order to allow subsequent fluid discharge;

11.removing the circulating fluid;

12.optionally recovering and reutilizing the fluid;

13.optionally repeating the steps 2 through 12;

14.optionally degassing the apparatus(es) that has been cleaned, under the
method of present invention.

Cleaning under present invention will be terminated when monitoring, as

defined hereinafter, will give timely indications. At this point heat

exchangers, pumps, column bottom, lines and all the surfaces that have
been contacted with the circulating fluud will be free from heavy
hydrocarbons deposits. If Visbreaker has to start-up it will be no
necessary to disassemble or open the apparatus(es) for cleaning. If

opening of the apparatus(es) is dictated by maintenance or inspection

jobs, it can be convenient to add the following steps for degassing the

plant:

15.filling with water the closed flow circulation loop;

16.1ntroducing a water-soluble fluid under present method,;

17.heating up the circulating water solution at a temperature preferably
comprised between 60°C and 150°C, most preferably between 80°C
and 130°C, still most preferably between 90°C and 120°C,;
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18. setting the pressure of the circulating water solution to a value
comprised preferably between 1 bar and 50 bar, most preferably
between 1 bar and 25 bar, still most preferably between 1 bar and 10
bar;

19. circulating the fluid by means of pumps 101 and 109 for a time
sufficient to clean the apparatus(es), comprised preterably between 20
minutes and 7 days, at temperature comprised between 60° C. and
150° C. and a pressure comprised between | bar and 10 bar;

20. monitoring the status of cleaning operations, as to determmne cleaning
time, by evaluating total hydrocarbon content in the circulating water
phase;

21. reducing temperature and pressure of the circulating tlmid in order to
allow subsequent tluid discharge;

22. removing the circulating fluid, by pumping it out of the circulation
loop;

23. optionally recovering and reutilizing the tlud;

24. optionally repeating the steps 15 through 23;

25. optionally repeating of steps 15 and 17 through 23.

FIGS. 3, 4, 5, 6 report applicative examples of the mcthod of present

invention for the cleaning of a Topping Unit, normally installed in a crude

oil refinery; m such tigures, dotted lines represent the lines used to
establish a closed loop, which, when not available, can also be
constructed specifically tor the purposes of the method of present
invention. During normal operation, feedstock comes from a storage tank
and is pumped to plant battery limits 120 hence to feedline 30, then by
means ot a feedpump 122, 1s sent to heat exchangers 123, 124, 125, 126,
127 for



10

15

20

CA 02485415 2010-10-14

Amended page 17

preheating and then to a desalter 128, for reducing crude oil salt content.
At the desalter exit, through line 29 and pump 130, feedstock is sent to
heat exchangers 131, 132, 133, 134, 135 for further preheating and then,
by means of line 31, to a furnace 136 and, by means of lines 32 and 33, to
a distillation column 137. Bottom residue, by means of line 34, pump 138
and line 35 is sent to heat exchangers 139, 140, 141, 142 and then, by
means of line 153, is sent to another plant and/or to storage.

During plant shutdown, before putting out of service the apparatuses to
accomplish hydrocarbon removal, a water flushing is performed. In such a
case, water 1s pumped in feedline 30 and exits the plant via line 153.
Flushing operation consists in flowing water once-through for a time
sufficient to move hydrocarbons from apparatuses, normally 2-3 hours.
Normally no hydrocarbon-based (e.g. with gas oil) flushing is performed,
but, 1f pertormed, it would have the purpose of replacing heavy
hydrocarbons from apparatuses only, as already mentioned. After water
tlushing, water is drained from apparatuses, followed by their opening for
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