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ABSTRACT

A system and a method of its use for the accelerated cooldown of at
least one unit by injecting liquid carbon dioxide via a sparger into a pipeline
connected to the unit via an access valve upstream of the unit being cooled.
By providing an evenly distributed flow into the system gas prior to entry into
the unit, the system and its method of use efficiently and uniformly cooldown
the unit. In a preferred embodiment, muitiple spargers using this technique

can cooldown mulitiple units in series.
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TITLE:

METHOD AND APPARATUS FOR CARBON DIOXIDE
ACCELERATED UNIT COOLDOWN

Field of the Invention

The present invention and its method of use are applicable to units
which benefit from shortened cooldown periods during shutdown, namely
those with high operational temperatures and large masses including but not

limited to process reactor vessels, furnaces, process steam and power
production boilers, and other production vessels.

Background of the Invention
Massive units like reactors have a fairly slow rate of cooldown from

operational temperatures. In order to maintain such a unit safely, it must be
cooled to a temperature that will allow maintenance workers to open and
interact within the unit. Given the costs associated with downtime with
systems like this, a need exists to cooldown units in a controlled accelerated
manner.

Units have benefited from accelerated cooldown services. Typically this
process is done in one of two ways. First, cool nitrogen gas can be passed
through a unit. As the gas moves though the unit, it exchanges heat with any
matter it comes into contact with, causing a faster than normal, or accelerated
cooldown. In the alternative, cryogenic nitrogen fluid has been pumped into
the gas stream within a specially designed system. The nitrogen is vaporized
by the warm gas stream and forms mixed gas at a lower temperature. This
cool gas mixture is used in the same manner as the gaseous cooldown to
accelerate the cooling of the system.

In order to create the cool gas required for a gaseous cooldown, the
cryogenic liquid nitrogen is vaporized and heated to a temperature that can be
tolerated by the metallurgy of the system in question. The efficiency of a
liquid cooldown is higher, because the energy to vaporize and heat up the gas
from an extremely cold temperature are extracted from the system and not

injected by the nitrogen equipment. As a general rule a cooldown with liquid
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is about 3.5 times more efficient than a gas cooldown. As a result it costs less
than about 30% to cooldown a system with liquid as compared to gas.

There are several limitations with liquid nitrogen cooldown that restrict
its application within industry. The metallurgy of the system must be
compatible with cryogenic temperatures. Pipes made from stainless steel
with high nickel content cannot tolerate liquid nitrogen temperature.
Moreover, the system must have a carrier gas in order to vaporize and carry
the gas mixture throughout the system. Furthermore, a system that recycles
its gas can more fully utilize the cooling power of the liquid. Finally, cryogenic
nitrogen liquid will destroy most reactor systems.

There are also limitations on gas cooldown methods. The limiting
factor in gas cooldown methods is the amount of product required to cool
down any substantially large system. It is the transport of the liquid to site that
is more of a factor than the bulk cost of the nitrogen. This creates an effective
radius of application. Beyond this radius, while accelerating the cooling of a
reactor is attractive, the costs of doing the operation out weigh the benefits in
all but the most extreme situations. Therefore, a need exists to accelerate the
cooldown of systems and units using a liquid medium that does not require
the application of expensive cryogenic piping in a method that will not damage
the carbon steel of these systems.

The prior art has only used carbon dioxide that was actually injected
right into the reactor to control the temperature of an exothermic reaction.
Direct injection into a reactor or similar vessel does not produce good flow
characteristics during shutdown. Without even distribution of a cooldown
medium, the cooldown of the reactor will take longer. There exists a need to
be able to take advantage of the open space, preferably with a high velocity
gas, by putting it into the feed pipe of the reactor or into the combustion air
intake airflow to a boiler furnace. Moreover, a need still exists for a system
and a method of its use that will allow for using existing piping to provide for a
well distributed cooling method and to accelerate the cooldown of a unit
during downtime and maintenance rather than attempting to control the

reaction itself. The prior art has failed to offer an efficient and safe manner of
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accelerating the cooldown of a unit so that the system will be safe to enter as
quickly as possible.

Summary of the invention
The present invention offers the advantage of providing a well-mixed,

cool gas coming into the unit that is more evenly distributed versus just adding
a localized spot within the reactor that is cool as found in the prior art. For the
purposes of this application a unit is defined as any system through which a
liquid or gas can be passed for the purposes of cooling. This includes but is
not limited to, various designs of industry reaction vessels, boilers, furnaces,
small package steam boilers and hot oil boilers. By sparging liquid carbon
dioxide into a system gas upstream of a unit, the present invention offers the
ability to provide accelerated cooldown of a system with minimal impact on
the configuration of that system. Moreover, the present invention offers the
ability to include multiple spargers capable of simultaneously coocling down
multiple units located in series. By using the valves within the existing
system, the present invention does not require extensive retrofit of existing
systems.

The present invention offers a system and a method of its use for the
accelerated cooldown of at least one unit including a pipeline connected to
the unit having at least one access valve upstream of the unit being cooled
and routes a flow of system gas to the unit, a sparger inserted through the
access valve, wherein the sparger comprises at least one nozzle positioned
within the pipeline, a source of liquid carbon dioxide capable of being
delivered into the pipeline via the sparger wherein the liquid carbon dioxide is
evenly distributed in the flow of system gas prior to entry into the unit being
cooled, and at least one temperature gauge in contact with the pipeline
between the access valve and the unit. In a preferred embodiment, the
sparger may include a flow meter, a pressure gauge, a pump connecting it to
the liquid carbon dioxide source, a surge suppressor, and/or an injection skid.
In a most preferred embodiment, the sparger includes a plurality of nozzles.

The nozzles may be positing with the flow of system gas and/or against the
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flow of system gas. This system is also applicable to a plurality of units in
series wherein the present invention may accelerate the cooldown of these
multiple units with a plurality of spargers.

Brief Description of the Drawings
The accompanying drawings, which are incorporated in and form a part

of the specification, illustrate the embodiments of the present invention, and,

together with the description, serve to explain the principles of the invention.
In the drawings:

FIG. 1 shows a diagram of a basic injection system using a preferred
embodiment of the present invention;

FIG. 2 is a diagram of a preferred embodiment of an injection skid of
the present invention;

FIG. 3 is a diagram of an embodiment of injection into an existing pipe
of a representative system;

FIG. 4 is a diagram of an application of the invention with a single unit
cooldown scenario;

FIG. 5 is a diagram of a basic injection method using a hybrid gas
cooldown embodiment of the present invention;

FIG. 6 is a drawing of an application of the present invention;

FIG. 7 is a close-up drawing of an embodiment of the present invention
showing the insertion of a sparger into a pipeline or air duct;

FIG. 8 is a close-up drawing of an embodiment of the present invention
showing the liquid carbon dioxide supply point for the sparger into a pipeline
or air duct;

FIG. 9 is a drawing of an embodiment of a nitrogen supply that may be
used with the present invention;

FIG. 10 is a drawing of an embodiment showing nitrogen and liquid
carbon dioxide supplies to be used with the present invention;

FIG. 11 is a drawing of an embodiment of a single nozzie sparger

configuration;
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FIG. 12 is a drawing of an embodiment of a double nozzle sparger
configuration; and

FIG. 13 is a drawing of an embodiment of a triple nozzie sparger
configuration.

FIG. 14 is a drawing of an embodiment of an indirect carbon dioxide
system that may be used with the present invention.

It is to be noted that the drawings illustrate only typical embodiments of
the invention and are therefore not to be considered limiting of its scope, for
the invention encompasses other equally effective embodiments.

Detailed Description of Preferred Embodiment
Carbon dioxide exists as a liquid at pressures and temperatures that do

not require the application of expensive cryogenic piping. Once the pressure
is taken off of the liquid it will quickly form an 80/20 mixture of gas and snow
at -75°C. If the liquid can be expanded without chilling the piping system, it
can be used to cool down carbon steel systems. By taking advantage of the
physical characteristics of carbon dioxide and its availability and relative
simplicity of use, carbon steel piping may be protected from frosting while
providing accelerated cooldown to units.

As understood herein, units that are considered to be within the scope
of the invention include any system through which a liquid or gas can be
passed for the purposes of cooling. This includes, but is not limited to various
designed industry vessels, reactors including process reactor vessels,
furnaces, process steam and power production boilers, and other production
vessels. In a preferred embodiment, the present invention may be used on
units operating over 1000°F. Those skilled in the art will recognize that the
inventive concepts as disclosed and claimed herein are equally applicable to
units operating at any temperature that require cooldown.

The present invention can achieve a target temperature in a mixed gas
at a sufficient rate to cool the system gas down to the target temperature. By
continuously monitoring and adjusting that flow rate to compensate for

changes in the system gas, the present invention can cooldown a system. By
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forming at ieast one sparger with a nozzle configuration and flow rate that
does not form ice plugs, the operation may be conducted safely.

FIG. 1 shows a diagram of a basic injection system using a preferred
embodiment of the present invention. Liquid carbon dioxide is provided from
a supply 10, such as a tanker or similar vehicle, through a pump 12, located
on an injection skid 14, which is then introduced into the system gas in the
pipeline 16 via a sparger 18. As described herein, the term pipeline 16 is
understood to be any type of conduit including but not limited to a pipe, line,
tube, or duct including an air duct. As shown herein, the pump 12 boosts the
pressure of the liquid carbon dioxide by air-driven or electrically driven means.
The injection skid 14 is shown in greater detail in FIG. 2.

As shown in FIG. 2, the injection skid 14 allows for the line 20 coming
from the supply 10 (not shown) to pass through a bleed off valve 21 and a
pressure indicator 22 before reaching the pump 12. It is preferable to bleed
off carbon dioxide as close to the discharge point as possible. Otherwise, if
the pressure is allowed to drop, the liquid carbon dioxide will form into ice. If
the carbon dioxide forms into ice, it can expand and damage the pipes of the
system. The pump 12 is preferably capable of boosting the pressure in the
line to a pressure in the range of about 90 psi to about 800 psi. In a preferred
embodiment, the boosted pressure is in the range of about 250 psi to about
350 psi.

In this configuration, a surge suppressor 23 is connected after the
pump 12. The surge suppressor 23 may be pressure cylinder that could be
filled with nitrogen prior to the introduction of the liquid carbon dioxide. When
the liquid carbon dioxide is introduced into the surge suppressor 23, the
nitrogen is forced to the top of the surge suppressor 23. This arrangement,
which can be monitored on the surge suppressor pressure indicator 24, allows
an operator to control the pressure of the system and remove any jitter, noise,
and rattling that the pump 12 may cause. The liquid flow meter 25 connected
to the exit of the surge suppressor 23 can also be viewed to maintain the
system. Another bleed off valve 26 is connected beyond the liquid flow meter
25 before the primary shutoff valve 27. The primary shutoff vaive 27 is the
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actual access valve for controlling the flow of liquid carbon dioxide into the
pipeline 16 (not shown). |t is preferable that the primary shutoff valve 27 is
close to the injection point into the pipeline 16 in order to prevent the
formation of freeze plugs due to any pressure drop between the primary
shutoff valve 27 and the sparger 18.

FIG. 3 shows an embodiment of the sparger 18 inserted into the
pipeline 16 via a dynamic seal 30. In a preferred embodiment, the dynamic
seal 30 is made of modified swage lock fitting with a Teflon seal.

If the pipeline 16 does not Include devices for temperature
measurements near the insertion point of the sparger 18, the insulation
surrounding the exterior of the pipeline may be removed and at least one
temperature sensor 31, 32 may be placed on the surface of the pipeline 16.
As shown, the sparger 18 may be inserted through a pipeline valve 33, but the
dynamic seal 30 allows for maintenance of the pressure in the pipeline 16.
The insertion end 34 of the sparger 18 should be centered in the system gas
passing through the pipeline 16.

During operation, the liquid carbon dioxide enters under pressure from
the left in this configuration into the T-connection 35. The T-connection
shown herein is connected to a vent valve 36 at the top of the T-connection
35 and an injection access valve 37 at the bottom of the T-connection 35. A
pressure indicator 38 is also located on the T-connection 35 to monitor
changes in pressure based on the position of the valves 36, 37 and the
incoming liquid carbon dioxide.

The injection access valve 37 in the embodiment shown herein is a full
valve with the same diameter as the sparger 18 suitable for controlling fluid
flow. Because it is used to control flow, valves including globe valves or
needle valves over ball valves and butterfly valves. The sparger 18 size is
dependent on the size of the pipeline 16 and the amount of system gas
passing through the pipeline 16. It is envisioned that the sparger size may be
of any size that may be accommodated by the size of the pipeline 16.

The temperature indicators or probes 31 and/or 32 are visually

monitored to verify that the cooldown process is not chilling the metal of the
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pipeline to an undesirable temperature. The feedback from these indicators
can be fed to the injection skid 14 to control shutdown and if necessary. In a
preferred embodiment, an emergency shutdown would be computer
controlled to avoid frosting the pipeline. In this configuration, frosting would
occur at about -20°F. Negative 20°F is the lowest temperature that the
operator can take a piece of carbon steel pipe of regular specifications.
Therefore, it is desirable to operate such that the pipeline 16 operates at
about -20°C, which is about minus 5°F. Though this is a preferred
temperature, those skilled in the art will recognize that any temperature above
the frosting temperature of the pipeline 16 is possible. Achievable temperature
limitations will vary by pipeline or air duct manufacturer's guidelines based on
wall thickness and insulation. In one embodiment, a monitor would set off a
first warning light at minus 10°F and at minus 15°F would shut down the
system automatically.

The position of the sparger 18 within the pipeline 16 should be such
that the insertion end 34 of the sparger is positioned in the stream of system
gas rather near the interior surface of the pipeline 16. |f the sparger 18 is
positioned such that the liquid carbon dioxide is being sparged into the interior
surface of the pipeline 16 rather than the system gas, the complete cooldown
benefit of the liquid carbon dioxide is not being realized and the chances of
frosting the interior surface of the pipeline 16 are greater.

The direction of sparging varies. In certain circumstances and with
certain system gases, sparging will spray into the system gas flow. In other
circumstances, sparging will spray with the system gas flow. In fact, i1t is
envisioned that in some embodiments, sparging with and into the system gas
flow simultaneously is advantageous. It should be noted that a variety of
system gases, including fuel gas, air, nitrogen, acid gas, and furnace exhaust,
are compatible with the present invention.

Liquid carbon dioxide converts itself to about 95% gas as soon as it is
sparged into the pipeline 16. This conversion lowers the temperature of the
carbon dioxide from about 70°F to about minus 114°F. In the preferred

embodiment, the liquid carbon dioxide is under pressure until the point it
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actually gets jetted out of the sparger 18. At that point, it almost instantly
converts itself into gas.

Turning to FIG. 4, a preferred application of a single unit cooldown is
shown. This is a basic diagram of using the present invention in conjunction
with a single unit 40. The system gas travels through pipeline 16 into the
single unit 40. Liquid carbon dioxide, using the sparger 18 is sparged into the
pipeline 16 prior to reaching single unit 40. It is preferable that the carbon
dioxide thoroughly mixes with the system gas prior to introduction into the
single unit 40. This will maximize the ability of the carbon dioxide to cooldown
the single unit 40. It is preferable for the carbon dioxide to chill the system
gas to about minus 20°C prior to entering the single unit 40. Temperature
sensors particular to the injection will be on either side of the injection point on
pipeline 16. Typically, at least one temperature sensor is located downstream
of the point of sparging into the pipeline 16.

Though this diagram shows the single unit 40, the vent 42 from the
single unit 40 may connect to other units in series that can benefit from the
cooldown process. It is envisioned in one embodiment that a plurality of units
in series may have an accelerated cooldown from the introduction of liquid
carbon dioxide prior to the first unit, such as single unit 40 in this diagram. In
another embodiment, a corresponding plurality of liquid carbon dioxide
spargers will introduce liquid carbon dioxide before each unit that is in the
series. In this manner, the cooldown process for the entire series will occur In
a short period. In these scenarios, each sparger should include a flow meter
to account for the flow rate entering each unit.

FIG. 5 shows a basic diagram of a hybrid gas cooldown system. In this
system, a first unit 50 and a second unit 52 are shown in series. The pipeline
16 containing a system gas such as nitrogen gas is sparged with liquid carbon
dioxide upstream of the first unit 50. Though the system gas warms up as
that unit is cooled and warmer gas exits into pipeline 54 between the first unit
50 and the second unit 52, the system gas in pipeline 54 is sparged with
additional carbon dioxide upstream of the second unit 52. As before, these
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spargers should include flow meters to monitor the introduction of liquid
carbon dioxide into the system.
Example
FIG. 6 shows a simulation of the cooldown of a pipeline 16. A bulker
5 (not shown) was used to supply the sparger 18 with liquid carbon dioxide. The
sparger 18 was set into to six-inch furnace pipe rack to act as the pipeline 16.
Temperatures of the gas upstream and downstream of the sparger 18 were
measured. The system gas was nitrogen gas in this simulation. The nitrogen
system gas was issued through the pipeline 16 at various temperatures and
10 flow rates. Liquid carbon dioxide was injected with the sparger 18. With a
single nozzle, which is discussed in greater detail below, the following data

was recorded:
TABLE 1: COOLDOWN OBSERVATIONS

Stem NoIn | N2Flow | Gas Temp | COo Combined
Pressure | Temp D/S Fiow Rate/Temp |
Rate |

1S According to tank level measurements, during the entire test a total of 1000L
of liquid carbon dioxide (547 m° of gas) was used and 2900 m° of nitrogen gas
was used. It is envisioned that at 80°C, the ratio of liquid carbon dioxide to
nitrogen is 1:2. Accordingly, about 1 m> of liquid carbon dioxide will cool
about 1100 m® of nitrogen system gas.

20 The orientation of the sparger indicates that a downstream sparger
orientation is preferred. With a nitrogen rate of 50-60 m°/min, the sparger 18
was rotated 180 degrees so that the spray was facing downstream. This
resulted in less frosting around the injection point.

Returning to FIG. 6, the pipe rack was the pipeline 16 with the sparger

25 18 and two thermometers installed. Though those skilled in the art wilt

recognize that virtually any pipeline may benefit from the teachings of this
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invention, the pipeline 16 in FIGs. 6-10 is a NPS6 inch pipe wherein the pipe
sections are about 21 feet long with 2D 180-degree bends.

FIG. 7 shows a close-up of a sparger 18 on pipeline 16, which is
represented by a Sparger MKIb. The hose, leading from an injection skid
shown in FIG. 8, was a one-inch hose with a highest elbow changed from
about 3/8 inches to about 0.75 inches in diameter. The distance from the
bottom edge of the lowest nut on the stem to the centre of the middle sparger
nozzle is about 22 1/8 inches. This embodiment of the sparger 18 will fit
through about a 1.5 inches valve, such as valve 70 shown in FIG. 7. Pressure
gauges 72, 74 are shown on the sparger 18. Pressure gauge shows the
pressure of the carbon dioxide supply 10. It is important to not deplete the
supply 10 for the reasons stated above and the pressure gauge 74 allows for
a measurement of the pressure put through the sparger 18.

Referring to FIG. 8, the sparger supply 10 was tied directly into the
Blackmere pumps 12 on the liquid carbon dioxide bulker. These pumps 12
are high volume pumps and create significant pulses in the liquid carbon
dioxide supply 10. Accordingly, a better skid 12 design including a surge
suppressor will help alleviate the jitter, noise, and vibrations of this
embodiment.

Turning to FIGs. 9-10, nitrogen was supplied as the system gas in line
in 20. Injection temperatures in this experiment were varied from about 40 to
about 85°C and flow rate between about 20 and about 80 m*/min. Of note,
this embodiment shows a temperature gauge 100 upstream of the sparger 18
on pipeline 16. The temperatures downstream of the sparger were recorded
using a calibrated infrared gun. This allowed for adjustments and
experiments with the nozzle configuration as will be discussed in greater
detail with respect to FIGs. 11-13.

For operation of the present invention without the formation of ice
plugs, the system should be purged with carbon dioxide gas prior to start up
of the cooldown process. After allowing the pressure to build up over about
60 psi, liquid carbon dioxide from the sparger inserted into the pipeline may

be introduced. After cooldown is complete and shutdown of the cooling
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process is desired, the operator introduces carbon dioxide gas at the same
pressure, over about 60 psi, preferably over about 90 psi, to purge the system
of all liquids and then depressurize the gas.

The configuration and number of nozzles on the sparger 18 is

5 dependent on the configuration of the pipeline 16 and the type and pressure
of the system gas through the pipeline 16. Moreover the rate and specific
heat of the system gas affects the number and configuration of the nozzle or
nozzles to be incorporated into the sparger 18. For example as shown in FIG.
11, a nozzle 110 is shown on the sparger 18. If more liquid carbon dioxide

10 needs to be introduced into the system gas, additional nozzles may be formed
in the sparger 18. FIG. 12 shows a sparger 18 with two nozzles 120 that
allow for a greater flow and distribution of liquid carbon dioxide to be
distributed into a pipeline. Those skilled in the art will recognize that a
plurality of nozzles, such as the embodiment shown in FIG. 13, showing three
15 nozzles 130 on sparger 18, is within the scope of the present invention.

The nozzles may sparge liquid carbon dioxide into and/or with the flow
of system gas. It is envisioned that any configuration other than sparging
liquid carbon dioxide onto the interior surface of the pipeline is beneficial. In a
preferred embodiment, the nozzles for less than about a 45 degree angle

20 either with or against the flow direction of the system gas. In a more preferred
embodiment, the nozzles for less than about a 15 degree angle either with or
against the flow direction of the system gas. .
Moreover, it is envisioned that the concepts of this invention may
employ an indirect liquid carbon dioxide system to facilitate the accelerated
25 cooldown of a unit as shown in FIG. 14. The arrangement allows for a
temporary gas coming from a temporary gas source 140 to be sparged with
liquid carbon dioxide to a controlled temperature as low as about -50°C in a
temporary iron 142 via an access valve connection. As shown herein a
closed valve 144 is shown at the top of a gas passage 146, wherein the
30 chilled gas flow may enter the reactor for the accelerated cooldown during the
shutdown. As previously discussed, the sparger 18 comprises at least one

nozzle positioned within the pipeline. Those skilled in the art will recognize
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that these types of variations in the arrangement of the elements of the
invention are considered to be within the scope of the invention.

Having described the invention above, various modifications of the
techniques, procedures, material and equipment will be apparent to those in
the art. It is intended that all such variations within the scope and spirit of the
appended claims be embraced thereby.
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CLAIMS

What is claimed is:

1. A system for the cooldown of at least one unit comprising:

a pipeline connected to the unit, wherein the pipeline has at least one
access valve and wherein the pipeline is upstream of the unit and routes a flow of
system gas to the unit;

a sparger inserted into the access valve, wherein the sparger comprises at
least one nozzle positioned within the pipeline;

a source of liquid carbon dioxide capable of being delivered into the
pipeline via the sparger wherein the liquid carbon dioxide is evenly distributed in
the flow of system gas prior to entry into the unit; and

at least one temperature gauge in contact with the pipeline between the

access valve and the unit.

2. The system of Claim 1 wherein the sparger further comprises a flow
meter.
3. The system of Claim 1 further comprising a pump capable of pumping the

liquid carbon dioxide from the source to the sparger.

4. The system of Claim 3 further comprising an injection skid connected
between the pump and the sparger.

5. The system of Claim 1 further comprising a pressure indicator connected
to the sparger.

6. The system of Claim 1 wherein the sparger further comprises a plurality of
nozzles positioned within the pipeline.

7. The system of Claim 1 wherein at least one nozzle is positioned with the
flow of system gas.

8. The system of Claim 1 wherein at least one nozzle is positioned against
the flow of system gas.

0. The system of Claim 1 further comprising:
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a plurality of units in series by a plurality of pipelines, wherein each
pipeline has at least one access valve,

a plurality of spargers inserted into each access valve, wherein each
sparger comprises at least one nozzle positioned within each pipeline;

a source of liquid carbon dioxide capable of being delivered into each

pipeline via each sparger wherein the liquid carbon dioxide is evenly distributed
in the flow of system gas prior to entry into each unit.
10. A method of cooling down at least one unit, wherein the unit has a pipeline
connected to the unit, wherein the pipeline has at least one access valve and
wherein the pipeline is upstream of the unit and routes a flow of system gas to
the unit, the method which comprises the steps of:

(a) injecting a sparger into the access valve, wherein the sparger
comprises at least one nozzle;

(b)  positioning the nozzle within the pipeline;

(c) delivering a source of liquid carbon dioxide to the sparger; and

(d)  sparging the liquid carbon dioxide into the flow of system gas such
that carbon dioxide is evenly distributed in the flow of system gas prior to entry
Into the unit..

11.  The method of Claim 10 which further comprises the step of:

(e)  monitoring a temperature of the pipeline prior to the connection with
the unit.

12. The method of Claim 10 which further comprises the step of:

monitoring a flow rate of the liquid carbon dioxide passing through the
sparger.

13.  The method of Claim 10 which further comprises the step of:

pumping the liquid carbon dioxide from the source to the sparger using a
pump.

14. The method of Claim 13 which further comprises the step of:
connecting a surge suppressor between the pump and the sparger.
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15. The method of Claim 10, wherein a plurality of units exist and wherein
each unit has a pipeline connected to that unit having at least one access valve,
the method which comprises the steps of:

(a) injecting a sparger into each access valve, wherein each sparger
comprises at least one nozzle;

(b)  positioning each nozzle within each pipeline;

(c) delivering a source of liquid carbon dioxide to each sparger; and

(d)  sparging the liquid carbon dioxide into the flow of system gas such
that carbon dioxide is evenly distributed in the flow of system gas prior to entry
into each unit.

16. A system for the cooldown of a series of units comprising:

a plurality of units connected in series by a plurality of pipelines, wherein
each pipeline has at least one access valve;

a plurality of spargers inserted into each access valve, wherein each
sparger comprises at least one nozzle positioned within each pipeline;

a source of liquid carbon dioxide capable of being delivered into each
pipeline via each sparger wherein the liquid carbon dioxide is evenly distributed
in the flow of system gas prior to entry into the unit; and

a plurality of pumps connected between the source and each sparger,
wherein each pump is capable of pumping the liquid carbon dioxide to each
sparger.

17. The system of Claim 16 further comprising a plurality of injection skids for
each pump, wherein each skid further comprises a surge suppressor connected
between each pump and each sparger.

18.  The system of Claim 16 wherein each sparger further comprises a plurality
of nozzles positioned within one of the pipelines.

19. The system of Claim 16 wherein at least one nozzle is positioned with the

flow of system gas.



CA 02489755 2007-09-26

17

20. The system of Claim 16 wherein at least one nozzle is positioned against

the flow of system gas.
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