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IMPROVED METHOD FOR STIMULATION OF LIQUID FLOW IN A WELL

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from Mansuy, "Aqua
Freed Process," U.s. Provisional Application  No.
60/254,149, filed December 8, 2000, herein incorporated

by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates ‘to water wells, and more
particularly to an improved method of removing deposited
material from a well and the surrounding aquifer. This
method generally comprises initially properly evaluating
problems associated with a particular well and then
utilizing the controlled and telemetry-monitored
injection into the well of energy derived frdm phase
changes in solid, gaseous, and liquid carbon dioxide (CO,)

to remove such deposited material.

Description of the Prior Art

The prior art reveals techniques for stimulating the
flow of water in a dry well or one providing insufficient
water. For example, in US Patent 5,394,942 issued to
Catania, et al., the disclosures of which are herein
incorporated Dby reference, pressure in a dry or
inefficient well is regulated to a desired level through
use of a sealing cap, and nontoxic gaseous and liquid
carbon dioxide (CO;) is introduced into the well. The
pressure and flow of gaseous and or liquid are regulated
to such a level, between about 0 and 70 psi pressure,
that the 1liguid CO,, upon entering the sealed well,

rapidly solidifies within the well. This liguid CO, can
1 .

PCT/US01/47009



WO 02/055831

10

15

20

25

30

be added until the well is filled with solid COy; the
solid sealed CO,-filled well is then allowed to sit, and
the solid CO; gradually sublimes. Because of the
temperature differential between the well formation and
the solid CO,, the solid CO, sublimates releasing gaseous
CO, into the formation; consequently carbonic acid (HzCOs)
is produced upon contact of the CO, with water in the
formation. The presence of the HyCO3; in the well alids in
the removal of bacteria from surfaces in the formation,
especially iron-related bacteria, such that a
bactericidal effect can be achieved. After the solid CO;
sublimation is completed, any residual pressure in the
well is released, and the well is unsealed.
Additionally, because of the freezing within the well and
well formation, encrustation in the well from such
material as drilling mud, natural clay and silt, and
other physical blocking agents and/or mineral scaling in
the well formation and in the well screens is removed.
If desired, the process may be repeated until the flow of
water into the well is sufficient.

However, every well that is to be treated with such
a process is slightly different than any other well to be
treated. Prior to treating a dry or inefficient well, it
is therefore desirable to evaluate the aquifer and the
type of problem in the well. This evaluation shall aid
the determination of the most effective method of
delivering the requisite energies of agitation,
dissolution, and detachment delivered during the phase
changes of CO, to allow the effective cleaning of deposits
from the surfaces of a well and the surrounding aquifer.
For example, the amount of injection of energy during the

process disclosed in US Patent 5,394,942 can vary
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depending upon well design, well problems, well
construction, and site considerations.

Additionally, the liquid CO, is most often introduced
into a well in short pulses of liquid while still feeding
gaseous CO,. These short pulses are for the purpose of
determining how a water well will respond to the
injection of the additional energy. It is wvery important
to observe the various pressures during the stages of
liquid CO, injection, because the pressures of injection
can range from 0 to 300 psi depending on the individual
type of well. It is therefore desirable to provide a
method of injection of CO; into a well to clean out
deposited material wherein real-time monitoring of the
pressures and temperature inside the well takes place.
This monitoring would provide the information necessary
to determine the required injection rates of gaseous and
liquid CO, in order to manipulate the phases of CO; and
phase changes in the well, and therefore allow better
control of the energy delivery into the well.

Finally, due to the physical properties of CO; and
the conditions inside a well when CO, is injected, not all
the desired phase changes can be achieved with just the
injection of gaseous and liquid CO,. In deep wells or
wells that have a hydrostatic pressure greater than 75
psi, desired phase changes are not always achieved.
Inside a well and under hydrostatic pressures gdreater
than 75 psi, a well is very similar to a pressure vessel,
with a phase change taking place from pressure
dissipating into the surrounding aquifer and with
temperature changes as calories are transferred to and
from the water and surrounding formation. When the
pressure in the well 1is greater than 75 psi and the
hydrostatic pressure is greater than 75 psi, liquid CO;

3
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would penetrate into the surrounding formation and then
convert to a gas without going to a solid. This would be
a more rapid phase change than is sometimes desired.
Consequently, it is desirable to have a method of
temperature and pressure manipulation which will allow
for more efficient and useful phase changes in the CO; in

the well.

Objects of the InVention

It is therefore a general object of the present
invention to provide a method of controlled energy
delivery utilizing gaseous and liquid CO; into a water
well and the surrounding aquifer to remove deposited
material which may cause loss of capacity in wells and a
variety of water quality problems.

It is an object of the present invention to provide
a method of controlled energy delivery utilizing gaseous
and liquid CO, into a water well and the surrounding
aquifer to remove deposited material wherein the well is
initially examined in such an adequate and detailed
manner that it is then possible to predetermine the
precise and accurate amount of energy needed to
effectively remove deposited material that is plugging
the pore volume of the well and aquifer.

It is a further object of the present invention to
provide a method of controlled energy delivery utilizing
gaseous and ligquid CO, into a water well and the
surrounding aquifer to remove deposited material wherein
the well is monitored during the injection of CO; in order
to obtain information about pressures and temperature
inside the well, thereby allowing better control of the

energy delivery into the well.
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It is a still furthér object of the present
invention to provide for manipulation of the phase
changes of the injected gaseous and liquid COz through
control of the various pressure dependent changes that

may take place in the subsurface environment.

SUMMARY OF THE INVENTION

The problems of the prior art have been solved by
the present invention, which relates to an improved
method of removing deposited material from a dry or
inefficient well and the surrounding aquifer through
initial proper evaluation of problems associated with a
particular well and through controlled and telemetry-
monitored injection of energy derived from phase changes
in solid, gaseous, and liquid CO, into the capped and
sealed well to remove such deposited material.

Before any type of work is to be done on a dry or
inefficient well, the practitioner is to gather
information about the history and characteristics of the
well, through examining the chemistry of the water
contained therein, geophysical logs or drillers logs,
groundwater microbiology, downhole video images, and any
other information that may exist.

Monitoring various physical and chemical reactions
inside the well during injection of gaseous and liquid
CO,, such as disclosed in US Patent 5,394,942, allows
better manipulation of and control. over the materials
during such a process. For example, the use of telemetry
to monitor pressure and temperature during the entire
process on a well allows data collection for quality
control and potential improvements. It is also possible
to incorporate direct and continuous monitoring of such

parameters as pH, total dissolved solids, conductivity,
5
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CO,, etc. This would allow the refinement of the process
to make it more effective as well as more efficient, such
as indicating the efficient wuse of less CO;, and
concomitant lowering of injected CO, levels, during the
process.

The most important aspect of injecting CO; into a
water well is to inject enough liquid or gaseous CO; into
the well and the surrounding formation without excessive
freezing of the water in the well through the phase
changes of vaporization (liquid to gas), freezing (liquid
to solid), and sublimation (solid to gas). It 1s the
energy delivered during these phase changes that allows
the surfaces of a well and the surrounding agquifer to be
effectively cleaned of deposits. To prevent freezing,
the first part of the process is the injection of gaseous
CO, for a long enough period of time to evacuate water
from both the well and from a certain distance into the
formation. This could be described as a bubble into
which liguid CO, is then injected. After some of the
water is evacuated, liquid CO, is then introduced into the
sealed well, most often in short pulses, while still
feeding gaseous COz. The pulses are short for the purpose
of determining how a well will respond to the injection
of the additional energy. It is wvery important to
observe the various pressures during the stages of liquid
CO, injection. Additionally, in the event that the
hydrostatic pressure or the pressure inside the well
during injection 1is greater than 75 psi, intermittent
pulses of a negative pressure vacuum can stimulate the
formation of solid CO,. Finally, it is important to
prevent the phase change from liquid CO, to solid CO,
inside the injection lines, as this can cause spiking of
the pressure gauges and also create a potentially

6
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dangerous situation with trapping of liquid CO,. This is
prevented by maintaining a pressure of greater than 75

psi in the injection lines.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of the apparatus

utilized in the present method.

DETAILED DESCRIPTION OF THE INVENTION

Prior to any work to be performed to increase the
output of a dry or inefficient well, it is necessary to
evaluate the aquifer and the type of problem in the well.
This i1s so because every well is slightly different from
any other well in terms of physical characteristics and
properties and the type of problems presented in water
flow. Additionally, the amount of injection of energy
during the process disclosed in US Patent 5,394,942 can
vary depending upon well design, well problems, well
construction, and site considerations. Hence, before any
type of work is to be done on a dry or inefficient well,
the practitioner 1is to gather information about the
history and characteristics of the well. Such evaluative
information is contained within geophysical 1logs or
drillers 1logs, analysis of the chemistry of the water
contained within the well, analysis of the groundwater
microbiology, downhole wvideo images, and from other
information sources that may exist. By proper
information-gathering and analysis, this pre-treatment
workup shall aid in determining the most effective and
appropriate method of increasing the output or efficiency
of a well.

For example, it is important to introduce gaseous CO,

for a sufficient period of time at the beginning of the
7
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process to allow evacuation of the water in the well and
for some distance into the surrounding formation. This
allows the 1liquid CO,, where most of the energy is
contained, to be delivered into the surrounding formation
with less associated freezing close to the well bore.
The pore volume of the aquifer is significantly Iless
close to the well Dbore than into the surrounding
formation. If liquid CO, is introduced too early in the
injection process, then freezing of water close to the
well can prevent the energy ©penetrating into the
surrounding aquifer. Greater penetration and more
effective removal of plugging deposits may therefore be
achieved with flowing various combinations of gaseous and
liguid CO, at the same time. This will allow the gaseous
CO, to be used as a carrier for liquid CO; such that the
additional energy may be dispersed into the surrounding
aquifer to effectively remove deposited material that is
plugging the pore volume of the well and aquifer.

The most important aspect of injecting CO; into a
water well is to inject enough product into the well and
the surrounding formation without excessive freezing of
the water in the well. This is achieved by injecting
gaseous CO, as the first part of the process. The
injection of gaseous CO; for a long enough period of time
allows evacuation of water from the well and for a
certain distance into the formation. This could be
described as a bubble into which liquid CO,; could then be
injected. After some of the water is evacuated, liquid
CO, can be then introduced into a sealed well. Liquid CO,
is most often introduced into a well in short pulses of
liquid while still feeding gaseous CO,. These short pulses
are for the purpose of determining how a water well will
respond to the injection of the additional energy. It is

8
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very dimportant to observe the wvarious pressures during
the stages of liquid CO, injection. The liquid CO, is
where the majority of the energy 1is contained. From
experience on many wells, the pressures of injection can
be from 0-300 psi.

Turning to FIG. 1 of the application, then, there is
depicted an apparatus placed in a well to be used
according to the method of the present invention. The
general procedure involves placing all the injection and
monitoring equipment, the packer well cap 1, the well
casing 6, the downhole telemetry probe 9, and the
alternating vacuum and pressure monitoring line 10, into
the well screen 5 at the zone that is selected for the
injection of energy based upon the evaluative workup done
on the well. Once this equipment is in the well, the
packer 1 is inflated to seal the well to optimize the
injection of pressurized gaseous and 1liquid CO;, and
therefore the energy contained in the CO,. The packer 1
is normally placed inside the well casing 6. The packer
1 can be inflated through an inflation line 3, and the
pressure on the packer 1 can be monitored with a pressure
gauge 4. After the well is sealed, gaseous CO, is
discharged from the CO;, storage vessel either from the
vapor space of the vessel or from the vaporizer (all not
illustrated) and placed in the well through a CO;
injection line 11 to assure that all water is displaced
from the transport lines as well as the area immediately
below the well seal. Liquid CO, hoses (not illustrated)
are also connected to the injection line 11. Gaseous
and/or'liquid COz, or nitrogen, can then be injected into
the injection zone 16 of the sealed well. The injection

of gaseous and/or liquid CO; has the energy necessary to

9
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detach the sediments from the surfaces of the well and
allow them to be removed from the well, both during the
development of the well and at later times. The
injection of gaseous and or liquid CO, through the
injection line 11 can take place over different periods
of time, from several seconds to minutes or even hours,
depending upon pressures within the well determined by
monitoring the casing pressure gauge 8, the vacuum and
pressure monitoring gauge 13, or- the injection 1line
pressure gauge 14. There can be a plurality of injection
lines 11, this plurality not shown in the figure, placed
in the well at various depths, as determined by such
factors as well depth, well diameter, operation, etc.
Finally, the injection of gaseous and liquid CO, through
the injection line 11 can be performed in repeated cycles
until the desired amount of CO, is injected into the well.

By real-time monitoring of the pressure and
temperature within the well via the casing pressure gauge
8, the vacuum and pressure monitoring gauge 13, or the
injection line pressure gauge 14, and a thermometer 15,
or with the aid of a computer 7 connected to a downhole
temperature and pressure telemetry transducer 9, the
phase of the injected CO; can be determined. The pressure
can then be manipulated by varying the injection of the
ratio of gaseous and liquid CO, through the injection line
11. It can also be manipulated by creating intermittent
pulses of vacuum inside the injection zone 16 of the
sealed well at the desired point on injection or
monitoring by a vacuum pump 2 through the alternating
vacuum and pressure monitoxring line 10. A rupture
diaphragm (not illustrated) is provided and is set at a

slightly higher pressure setting to ensure containment of

10
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the well seal in the event that the safety valve 12 in
the injection line 11 is defective or rendered
inoperable.

The beneficial actions inside a well when gaseous
and liguid CO, are injected under pressure include the
formation of carbonic acid (HpCO3). According to Henry’s
Law, the solubility of a gas is dependent upon pressure
and temperature. The solubility of CO; in water increases
as the pressure increases and the temperature decreases;
dissolving CO, into water creates HyCOj3. This is normally
considered a mild acid, but with increased solubility the
acid becomes stronger acid. The resultant pH will vary
depending upon the depth of the well and the stage of the
injection process. In deeper wells that have a higher
hydrostatic pressure, the pH will be lower than that in
shallow wells. This can result in a stronger acid that
would have greater capability of chemical dissolution due
to the availability of the H' ions. In addition to the
pressure, the temperature of the water will be lowered
during the CO, injection process. As the temperature is
lowered, the solubility of CO; increases and the pH
decreases. Further on into the process, then, the acid
will be stronger and have a greater capability of
chemically dissolving minerals impeding the flow of water
from the well. Thus, when the well is allowed to remain
shut, normally overnight, HyCO3 can dissolve mineral
deposits.

There are three forms of phase changes which occur
when CO, is injected under pressure into a sealed well.
First, there is vaporization, the phase change from
liquid CO; to gaseous CO; with various volumes of
expansion depending upon the pressure inside the well and

surrounding aquifer. Depending upon the depth of the
11
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injection point, and more importantly the hydrostatic
pressure at that point, the volume of gas released per
pound of CO, will vary. For example, the volume increase
at atmospheric pressure 1is approximately 560 times,
whereas at a pressure of 300 psi the volume increase is
approximately 19 times.

Next is freezing, the phase change from liquid CO; to
solid CO,. The pressure directly below the packer 1 is
regulated to a level such that liguid CO; will rapidly
solidify upon entry into the sealed well. This pressure
is regulated to be preferably between about 0 and 70 psi.
The temperature of the liquid CO, is now approximately -
110°F. The formation of solid CO, inside a well is
desirable due to the slower release of energy as the
solid CO; sublimes to gaseous CO,. This allows ongoing
energy of agitation and energy of detachment to take
place.

Finally, the sublimation of solid‘COZ to gaseous COy
is a beneficial phase change involved in the process
disclosed in US Patent 5,394,942, as it allows ongoing
energy of agitation, energy of dissolution, and energy of
detachment to be released into the well and the
surrounding aquifer. This phase change 1s much slower
than the others and allows the release of energy into the
well and the surrounding formation over a longer period
of time. This longer release of energy allows ongoing
scrubbing to take place, which can lead to additional
detachment and removal of deposits from surfaces. This
ongoing release of energy can occur when wells are shut
in or closed overnight.

The phase of CO; delivered into the sealed well can
be manipulated and regulated according to the method of

injection. This manipulation is achieved by injecting
12
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gaseous CO, to remove some of the water from the well.
Removal of the water from the well allows the liquid and
gaseous CO, to penetrate the aquifer without freezing
water too close to the well. If the water inside the
well is frozen, it limits the ability to penetrate energy
into the surrounding formation. Removal of water inside
the well also allows reduction in the hydrostatic
pressure and therefore could allow the formation of solid
CO, even though the hydrostatic pressure prior to starting
injection is greater than 75 psi. In the event that the
hydrostatic pressure or the pressure inside the well
during injection is greater than 75 psi, dintermittent
pulses of a negative pressure vacuum can create the
formation of solid CO,. This would allow the manipulation
of phase changes inside the well and particularly the
formation of the beneficial solid CO,.

The bulk of the beneficial energy that CO; contains
is in dits liquid form. It is therefore desirable to
deliver liquid CO; into the well and then allow the phase
changes to occur in the subsurface and not inside the
injection lines. Frozen CO; in the injection lines can
cause spiking of the pressure gauges and also create a
potentially dangerous situation with the concomitant
trapping of liquid. The prevention of phase change from
liquid CO, to solid CO; inside the injection lines can be
prevented by maintaining a pressure of greater than 75
psi in the injection lines. This is easy to achieve in
deep wells but is more difficult in shallow wells due to
lower hydrostatic pressure. In shallow wells regulating
the ratio of gaseous and liquid CO; feed can therefore
increase the pressure in the injection lines.

Additionally, there is a difference in the viscosity
between gaseous and liquid COz. The pulses of liguid CO;

13
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that are introduced dinto the well with a continuous
gaseous CO, feed can be increased in frequency and length
as the process continues. The feed of liquid with the
gaseous CO, allows the liquid to be carried into the well
and the surrounding formation more effectively. The
gaseous CO, can therefore be looked at as a carrier for
the liquid CO;. Also, gaseous CO, is more viscous and
thus does not flow as easily through injection lines as
liquid CO,. By increasing the ratio of gaseous CO; in the
gas-liquid mix, the flow through the line is impeded and
there will be more back pressure on the line. With more
back pressure, it is possible to increase the pressure to
a point where liquid CO; does not freeze. This will then
allow that phase change to take place inside the well and
the surrounding formation instead of inside the injection
lines.

After the well is filled with solid CO, and the solid
CO, sublimes, the remaining residual pressure within the
well can be released and the packer 1 removed. The water
flow in the well has now been stimulated and bacteria
within the well controlled. If desired, the process can
be repeated a number of times until the desired effect is
achieved. Normally, one cycle is sufficient in obtaining
the desired effect. In special circumstances, a number
of cycles can be employed.

It should be noted that the energy delivery ability
of the process disclosed in US Patent 5,394,942 is also
effective in aiding the removal of drilling mud and other
physical Dblocking agents during the drilling and
development of a well. The removal of drilling mud,
natural clay and silt, and other physical blocking agents

can be the most difficult part of traditional development

14
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procedures. The energy in gaseous and liquid CO; can be
effective in breaking down and dispersing these agents.

The present invention comprises an improved method

for stimulating the flow of water in a dry or inefficient

5 well. The method is not limited to any type of well and,

in fact, the present method can be used to stimulate

water flow in any known type of well. The process

disclosed in US Patent 5,394,942 has proven very

effective in the development of horizontally or

10 directionally drilled wells. Thus, while the present

invention has been described in connection with exemplary

embodiments thereof, it will be understood that many

modifications in both design and use will be apparent to

those of ordinary skill in the art; and this application

15 is 4intended to <cover any adaptations or variations

thereof. It is therefore manifestly intended that this

invention be limited only Dby the. claims and the

equivalents thereof.

15
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The invention to be claimed is:

1. A method of stimulating a flow of water into a

well from water in strata surrounding the well,

5 comprising the steps of gathering informafion about the
history and physical characteristics of the well and
surrounding aquifer; providing telemetry machinery to
monitor internal conditions within the well; sealing the
well in a manner such that pressurization of the well can

10 be accomplished; introducing liguid and gaseous carbon
dioxide (COz) into the well at a downhole pressure such
that the liquid CO; solidifies within the well forming
solid CO;; manipulating and regulating the phase of CO,
delivered into the sealed well according to information

15 provided by the telemetry machinery; continuing
introduction of the liguid and gaseous CO, into the well
until a desired level of filling of the well with solid

CO, is attained; allowing the sealed well containing solid

CO, to stand for a time sufficient to sublime the solid

20 CO, contained in the sealed well; releasing residual
pressure in the sealed well; and releasing the seal from

the well.

2. The method according teo claim 1, wherein
25 sealing of the well comprises placing a sealing means on
a casing of the well or in the well and securing the

sealing means thereto.

3. The method according to claim 1, further
30 comprising purging the sealed well with gaseous CO; prior

to introduction of the liguid CO,.

4. The method according to claim 1, wherein the
16
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steps of the method are repeated a plurality of times in

order to obtain the desired flow of water.

5. The method according to claim 1, wherein the
phase of CO, i1s manipulated and regulated through
maintaining a downhole pressure within the range of

between about 0 to 70 psi.

6. The method according to claim 5, wherein the
means of manipulating and regulating the phase of CO;
comprises delivering intermittent pulses of a negative

pressure to stimulate the formation of solid CO,.

7. The method according to claim 1, further

comprising removing bacterial growth within the well.

8. The method according to claim 1, further

comprising removing scale contained within the well.

9. The method according to c¢laim 7, wherein
sublimation of the solid CO, within the sealed well
generates pressuré within the sealed well and time

releases carbonic acid into strata of the well.

10. The method according to claim 1, wherein the
downhole pressure is sufficient to assure freezing of the

water within the formation and surrounding strata.
11. The method according to claim 1, wherein the

telemetry machinery comprises a downhole temperature and

pressure telemetry transducer.

17
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