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(57) Abrégée/Abstract:

The present invention provides an apparatus and a method for removing undesirable material from a well bore in a hydrocarbon
formation with minimum damage to the formation. The apparatus comprises a concentric tubing string, said concentric tubing
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(57) Abrege(suite)/Abstract(continued):
string further comprising an inner tube means having an inner annulus therethrough and an outer tube means forming an outer

annulus between said outer t

Ube means and said inner tube means, means for introducing into said well bore a pressurized clean

out medium through one of the said inner annulus and outer annulus, and means for removing said material and clean out medium

through the other of the said

nner ann

Ulus and said outer annulus to the surface of said well bore. In a preferred embodiment, the

Infroducing means comprises a discharge compressor or mud pump and the removing means comprises a suctioning

COMPIressor.
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(57) Abstract: The present invention provides an apparatus and
a method for removing undesirable material from a well bore in
a hydrocarbon formation with minimum damage to the forma-
tion. The apparatus comprises a concentric tubing string, said
concentric tubing string further comprising an inner tube means
having an inner annulus therethrough and an outer tube means
forming an outer annulus between said outer tube means and
said inner tube means, means for introducing into said well bore
a pressurized clean out medium through one of the said inner
annulus and outer annulus, and means for removing said mate-
rial and clean out medium through the other of the said inner
annulus and said outer annulus to the surface of said well bore.
In a preferred embodiment, the introducing means comprises a
discharge compressor or mud pump and the removing means
comprises a suctioning compressor.



CA 02508254 2005-06-01

WO 2004/009952 A1 { {00 DAYH YA A 01 0 A0 O 00

SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, For two-letter codes and other abbreviations, refer to the "Guid-
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). ance Notes on Codes and Abbreviations” appearing at the begin-

Published: ning of each regular issue of the PCT Gagzette.

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments



10

15

20

29

CA 02508254 2005-06-01
WO 2004/009952 PCT/CA2003/001292

REVERSE CIRCULATION CLEAN OUT SYSTEM FOR LOW PRESSURE GAS
WELLS

FIELD OF THE INVENTION

The present invention relates generally to an apparatus for insertion in a well bore
and a method associated therewith for removal of undesirable material. More
particularly, the present invention relates to a clean out system utilizing at least two
compressors together with concentric drill pipe, concentric coiled tubing, or single

wall tubing inserted into the well casing.
BACKGROUND OF THE INVENTION

In hydrocarbon producing wells, it is desirable to remove accumulated solid particles,
sediment, and/or injection fluids, such as fracturing acids, sands and drilling fluids
from the well bore to avoid restriction of the flow of hydrocarbons caused by such
materials. When removing such materials it is important to keep formation damage
to a minimum to ensure maximum production. This is particularly important when
attempting to clean out low and under pressure reservoirs which are more

susceptible to formation damage.

The drilling of low or under pressure reservoirs is quickly becoming more prevalent
as conventional (i.e. normal pressure) sources of oil and gas become depleted.
Currently in the United States, over 26% of the total gas production comes from low
permeability or tight reservoirs, shallow gas wells, coal bed methane and shale gas.
However, recovery of oil and gas from these low or under pressure reservoirs is
difficult due to drilling damage, well stimulation damage and well completion

damage. Such damage can make the difference between a commercial well or an

abandoned well.

Conventional clean out methods and corresponding apparatus involve the pumping
of high pressure air or fluids down a well bore. High pressure delivery of clean out
fluid is necessary to lift undesirable material such as fracturing sand, drill cuttings,
formation shales, stimulation acid, cement and the like to the surface. Unfortunately,

the lifting pressures used will often exceed the formation pressure thereby forcing
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the accumulated materials into the production zones. This is particularly prevalent
when dealing with the clean out of a low or under pressure reservoir. Zones which

have the most porosity and permeability produce the most and damage the easiest.

Open hole completions can pose problems when performing conventional clean out
operations because well bore material such as shale can collapse the well bore,
cave it in, or fill up the well bore past the productive zones. Formation water from a

zone can also shut-off or restrict flow from the productive zones.

As well, certain swelling clays such as bentonite can be present in producing
formations. If water contacts these clays during conventional clean out operations,

these clays can swell and permanently damage the producing formations.

Conventional clean out operations can also cause considérable damage to coal bed
methane wells, which most often are completed open hole and are usually very low
pressure. Coal is much softer than rock and it can be pulverized during drilling or
clean out operations. The small particles of coal which result from this pulverization
process are forced into the fractures in the coal seams by the current clean out and
well drilling technology. This greatly reduces the ability of the methane gas to flow

freely from the fractures in the coal and into the open hole well bore.

The present invention addresses some of the problems associated with conventional

clean out procedures.

SUMMARY OF THE INVENTION

The present invention allows for the clean out of well bores in a safe manner, and
with less damage to the formation. This is particularly important because clean out
operations generally have to be repeated several times over a period of several
weeks to ensure optimum production. The invention works particularly well in low
and under pressure hydrocarbon formations where existing clean out technologies

can easily damage the formation.

The present invention can be used with either a cased well bore, which has

production casing run from the bottom to the top of the well bore, or an open hole

2
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~ (i.e. a barefoot completion) well bore, which has casing set just above the first

production zone and the rest of the well bore is left without any casing in place.

Occasionally, you can have an upper zone cased and a lower zone open hole, if the

producing zones are from a different formation, or the zones are a considerable

distance apart.

The present invention can be used to clean out vertical, deviated, or horizontal well

bores, that have become blocked or restricted from formation material such as shale,

stimulation material such as fracturing sand or acid, drilling fluids and cuttings.

The present invention addresses a number of problems currently associated with

today's technology for cleaning out low and under pressured well bores as follows:

(1)

(2)

(3)

(4)

The overpressure situation in the well bore needed to lift the
material out of the well is reduced by using two compressors, a

discharge compressor and a suction compressor.

The majority of material being cleaned out of the well bore doesn't
have to travel past the productive zones while being lifted out of the
well as the material travels up the outer annulus or inner space of

the clean out apparatus, thereby resulting in reduced formation
damage.

Use of a down hole blowout preventor controls an overpressure
situation in the well bore and prevents an uncontrolled flow to

surface once the material has been cleaned away from the

producing zone.

The double wall drill pipe, the coiled-in-coiled tubing, or the tubing
iInside the well bore of the clean out apparatus can be tripped out of
the well safely once the clean out is completed due to the use of
two blowout preventors, namely a surface blowout preventor and a
downhole blowout preventor.
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In the present invention, the discharge compressor or mud pump is operated such
that the discharge pressure at the formation is substantially at the pressure of the
producing formation, so that air or fluid pressure being pushed down is no greater
than the pressure of the formation. This prevents any of the material that is being
cleaned out of the well bore or flowed back from the formation from moving up the
well bore annulus to surface as the clean out is taking place and thus the well may
continue to produce hydrocarbons or at the very least the material to be cleaned out
will not flow past the producing formation and will not further damage the producing

formation by entering, plugging, or scouring the production formation.

The second compressor, the suction compressor, suctions up the clean out material
and deposits the material in a pit or tank at surface. In one embodiment, the suction
compressor is attached at surface to the inside string of either dual wall drill pipe or

the inside coiled tubing of concentric coiled tubing string and the material is moved

through this inner annulus to surface.

Some well applications will require a mud pump instead of a discharge compressor
to push different fluids or drilling mud down the annulus between the inner drill string
or inner coiled tubing string and the outer wall of the dual wall drill pipe or concentric

colled tubing string, in order to effectively complete the clean out procedure.

These fluids or drilling mud are pumped down hole by a mud pump at pressures not
exceeding the formation pressure. The exhaust fluids or drilling mud will exit the well
bore up through the inner string of the concentric drill pipe or coiled in coiled tubing,
along with the material that is being cleaned out of the well bore. The suction
compressor at surface, if required, can supply enough suction to carry the clean out
material, fluids or drill mud to surface, and then the surface flow equipment will

deposit it in a designated pit or tank.

In the alternative, drilling mud or drilling fluid can be pumped downhole through the

Inner string and clean out materials removed through the outer annulus.

Thus, the present invention allows the fluids or drill mud to leave the well bore

without being forced up the well bore annulus and pushed against the formation, all

4
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of which can cause formation damage. Again, if the formation starts to flow
hydrocarbons in an uncontrolled manner during well clean out, both or either of the
down hole and surface blowout preventors can be activated to maintain or regain
well control. Both blowout preventors can be used to safely trip out the dual wall drill

pipe or production tubing from the well bore.

The invention allows for various clean out tools, drill bits, or air hammers to be
attached to the bottom hole assembly to carrying out a wide range of clean out

functions inside the production casing.

The present invention can be used with various types of ollfield equipment that are
used in the service sector of the oll and gas industry. Drilling and service rigs can
run the dual wall (concentric) drill pipe, along with the discharge and suction

compressors, blowout preventors and surface flow equipment necessary for the

clean out operation.

The present invention can use coiled-in-coiled tubing string and coiled-in-coiled
tubing truck-mounted portable rigs that provide the discharge and suction
compressors, blow out preventors, and surface flow equipment necessary for the

clean out operation.

The present invention can also be Lised where production tubing has been placed
inside the producing well bore. The first annulus between the outer wall of the
production tubing and the inner wall of the well bore is used to introduce pressurized
gas or fluids. A discharge compressor will be attached to the first annulus. The
annulus of the production tubing forms the second annulus where the suction
compressor is attached. Both compressors are connected to the wellhead at
surface, along with the surface blow out preventor, when required, and the
necessary surface flow equipment. A variety of clean out tools, drill bits, and air
hammers can be attached to the bottom of the production tubing to facilitate the
clean out. Where regulatory and safety concerns require the use of the down hole
blow out preventor, this device will be part of the bottom hole assembly connected {o
the bottom of the production tubing. In the alternative, single wall coiled tubing can

be used in place of production tubing.
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Thus, In a first embodiment, the present invention provides a method for removing
material from a well bore extending from a ground surface into a hydrocarbon
formation having a pressure, comprising the steps of:

o delivering into said well bore a concentric tubing string, said concentric tubing

string comprising an inner tube means having an inner space therethrough
and an outer tube means forming an outer annulus between said outer tube
means and said inner tube means;

e introducing into said well bore a pressurized clean out medium through one of
the said inner space and outer annulus; and

e removing said material and clean out medium through the other of the said
inner space and said outer annulus to the surface of said well bore.

The concentric tubing string can either be a-concentric drill pipe string or a concentric
coiled tubing string.

In a preferred embodiment, the pressurized clean out medium is introduced into the

well bore at a pressure substantially equal to or below the pressure of the formation.

The clean out medium is generally selected from the group consisting of drilling mud,
drilling fluid, air, gas, acids and a mixture of drilling fluid and gas and can be
introduced into the well bore by a discharging means operably connected near the
top of said concentric tubing string in such a fashion as to be in commuﬁication with
eith;er the inner space or the outer annulus. The discharging means can be either

a mud pump or a discharging compressor, depending upon the clean out medium
being used. '

The clean out medium is removed by a suctioning means which is operably
connected near the top of the concentric tubing string and is in communication with

either the inner space or the outer annulus. In one embodiment, the suctioning
means is a suctioning compressor. The suctioning means can further comprise a
flare means for flaring any gaseous hydrocarbons produced from the well bore.
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The concentric tubing string is usually equipped with a downhoie fiow controi means
Ioc.ated at or near the bottom of the concentric tubing string for preventing flow of
hydrocarbon from the inner space , the outer annulus or both to the surface of the
well bore. In a preferre'd embodiment, the downhole flow control means is controlled

at the surface ot the well bore by a surface control means.

In a preferred embodiment, the clean out method further comprises the step of
providing a clean out ool at or near the bottom of said concentric tubing string for
disturbing said material in said well bore. In one embodiment, the clean out tool is a

reciprocating clean out tool comprising a clean out means having a plurality of teeth
and a reciprocating piston.

In one embodiment of the present clean out method, the pressurized clean out
medium is introduced into the well bore through the outer annulus and the material
and the clean out medium is removed through the inner space. In another
embodiment, the pressurized clean out medium is introduced into the well bore

through the inner space and the material and the clean out medium is removed
through the outer annulus.

The present invention further provides an apparatus for removing material from a

well bore extending from a ground surface into a hydrocarbon formation having a
pressure, comprising:

e a concentric tubing string, said concentric tubing string comprising an inner

tube means having an inner space therethrough and an outer tube means

forming an outer annulus between said outer tube means and said inner tube
means;

e means for introducing into said well bore a pressurized clean out medium
through one of the said inner space and outer annulus; and

¢ means for removing said material and clean out medium through the other of

. the said inner space and said outer annulus to the surface of said well bore.
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Once again, the concentric tubing string can either be a concentric drill pipe siring or
a concentric coiled tubing string. |

The introducing means is operably connected near the top of the concentric tubing
string so as to be in communication with either the inner gspagce or the outer
annuius. The introducing means can comprise either a mud pump or a discharging
compressor depending upon what clean out medium is being used.

The removing means is operably connected near the top of the concentric tubing
string, in communication with either the inner space or the outer annulus, and can
comprise a suctioning compressor. The removing means can further comprise a flare

means for flaring-hydrocarbon produced from the well bore.

In a preferred embodiment, the clean out apparatus further comprises a downhole
flow control means located at or near the bottom of the concentric tubing string for
preventing flow of hydrocarbon from the inner space, the outer annulus or both fo

the surface of the well bore. In one embodiment, the downhole flow control means is
controlled from the surface by a surface control means.

The clean out apparatus can also comprise a clean out tool located at or near the
bottom of the concentric tubing string for disturbing clean out material in the well

pore. In one embodiment, the clean out tool is a reciprocating clean out {ool

comprising a clean out means having a plurality of teeth and a reciprocating piston.

For added safety, the clean out apparatus can further comprise a surface flow
control means positioned at or near the surface of the well bore for preventing flow of

hydrocarbon from a space between an outside wall of said outer tube means and a
wall of the well bore. |

When concentric coiléd tubing string is used in a preferred embodiment, a bottom
hole assembly can be attached to the bottom of the concentric coiled tubing string.
In one embodiment, the bottom hole assembly comprises a reciprocating clean out
tool, a rotation means attached to the reciprocating clean out tool, a connecting -
means for connecting the outer tube means and the inner tube means of the

concentric coiled tubing string to the reciprocating clean out tool thereby centering
8
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said inner tube means within said outer tube means, a disconnecting means located
between the connecting means and the reciprocating clean out ool for disconnecting

said reciprocating clean out tool from said concentric coiled tubing string, and a
downhole blowout preventor.

in a second embodiment of the present invention, a method for removing material

from a well bore extending from a ground surface into a hydrocarbon formation
having a pressure Is provided, comprising the steps of:

o delivering into said well bore a production tubing string, said production tubing

string having an inner space therethrough and forming an outer annulus

between an outer wall of said production tubing string and a wall of said well
bore;

e introducing into said well bore a pressurized clean out medium through one of
the said inner space and outer annulus; and

e removing said material and clean out medium through the other of the said
inner space and said outer annulus {o the surface of said well bore.

The method is useful in both cased wells where the well bore further comprises a

casing having a plurality of perforations or an open well bore. The method is used to
clean out materials such as solid particles, sediment, injection fluids, fracturing acids,
sands, drilling fluids and the like.

In a preferred embbdiment, the pressurized clean out medium is introduced into the
well bore at a pressure substantially equal to or below said pressure of the formation.
Clean out medium is selected from the group consisting of drilling mud, drilling fluid,
air, gas, acids and a mixture of drilling fluid and gas.

In this embodiment, the production tubing string can be either coiled tubing string or

drill pipe string. The pressurized clean out medium can be introduced by a

discharging means either operably connected near the top of the production tubing

string in communication with the inner space or operably connected to the outer

annulus formed between the outer wall of the production tubing string and the wall of
9
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the weli bore. The discharging means can be either a mud pump or a discharging
COMpressor.

The clean out medium is removed by a suctioning means, commonly a suctioning
compressor, which is either operably connected near the top of the production fubing
string in communication with the inner space or operably connected to the outer
annulus formed between the outer wall of the production tubing string and the wall of
the well bore. The suctioning means can further comprise a flare means for flaring
hydrocarbon produced from the well bore.

In a preferred embodiment, a downhole flow control means is provided at or near the
bottom of the production tubing string for preventing flow of hydrocarbon from the
inner annulus to the surface of the wgll bore. The downhole flow control means can

be controlied at the surface of the well bore by a surface control means.

A clean out tool can also be provided at or near the bottom of the production tubing
string for disturbing said material in the well bore. Preferably, the clean out tool is a

reciprocating clean out tool comprising a clean out means having a plurality of {eeth
and a reciprocating piston.

In one preferred embodiment, the pressurized clean out medium is introduced into
the well bore through the outer annulus and the material and the clean out medium is
removed through the inner space . lh vet another embodiment, the pressurizea
clean out medium is introduced into the well bore through the inner space and the

material and the clean out medium is removed through the outer annulus.

A surface flow control means positioned at or near the surface of the well bore can

also be provided for preventing flow of hydrocarbon from the outer annulus to the
surface of the well boie.

The present invention further provides an apparatus for removing material from a
well bore extending from a ground surface into a hydrocarbon formation having a
pressure, comprising:

10
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¢ a production tubing string, said production tubing string having an inner
space therethrough and forming an outer space between an outer wall of
said production tubing string and a wall of said well bore; |

¢ means for introducing into said well bore a pressurized clean out medium
through one of the said inner annulus and outer annulus; and

e means for removing said material and clean out medium through the other of

the said inner space and said outer annulus to the surface of said well bore.

The production tubing string can be drill pipe string or coiled tubing string.

The introducing means can either be operably connected near the top of the
production tubing string in communication with the inner space or operably
connected to the outer annulus formed between the outer wall of the production
tubing string and the wali of the well bore. The introducing means can be a mud

pump or a discharging compressor, depending upon the clean out medium used.

The removing means can either be operably connected near the top of the
production tubing string in communication with said inner space or operably
connected to the outer annulus formed between the outer wall of the production
tubing string and the wall of the well bore. In a preferred embodiment, the removing

means is a suctioning compressor. The removing means can further comprise a
flare means for flaring hydrocarbon produced from the well bore. '

The apparatus can further comprise a downhole flow control means at or near the
bottom of the production tubing string for preventing flow of hydrocarbon from the
inner space to the surface of the well bore. Preferably, the downhole flow control

means Is controlled by a surface control means for controlling the downhole flow
control means at the surface of the well bore.

In another embodiment, the clean out apparatus can further comprise a clean out
tool at or near the bottom of the production tubing string for disturbing the material in
the well bore. The clean out tool can be a reciprocating clean out tool comprising a

clean out means having a plurality of teeth and a reciprocating piston.
11
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The clean out apparatus can further comprise a surface flow control means
positioned at or near the surface of the well bore for preventing flow of hydrocarbon

from the outer annulus.

When the production tubing used is coiled tubing string, the clean out apparatus can
further comprise a bottom hole assembly. In a preferred embodiment, the bottom
hole assembly comprises a reciprocating clean out tool, a rotation means attached to
the reciprocating clean out tool, a connecting means for connecting said coiled
tubing string to the reciprocating clean out tool, and a disconnecting means located
between the connecting means and the reciprocating clean out tool for disconnecting

the reciprocating clean out tool from the concentric coiled tubing string.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical cross-section of a clean out apparatus comprising concentric

drill string.

Figure 2 is a vertical cross-section of a clean out apparatus comprising concentric

drill string and clean out tool thereto attached.

Figure 3 is a general view showing a partial cross-section of the apparatus and
method of the present invention using concentric drill pipe as it is located in a clean

out operation.

Figure 4 is a perspective of a surface flow control means.

Figure 5 is a vertical cross-section of one embodiment of a downhole flow control

means for concentric drill pipe.

Figures 6a and 6b show a vertical cross-section of the top portion and bottom
portion, respectively, of another embodiment of a downhole flow control means for

concentric drill pipe in the open position.

Figures 7a and 7b show a vertical cross-section of the top portion and bottom
portion, respectively, of the downhole flow control means shown in 6a and 6b in the

closed position.
12
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Figure 8 is a perspective of the plurality of flow through slots of the downhole flow

control means shown in 6a and 6b in the open position.

Figure 9 is a perspective of the plurality of flow through slots of the downhole flow

control means shown in 7a and 7b in the closed position.

Figure 10 is a general view showing a partial cross-section of the apparatus and

method of the present invention using production tubing as it is located in a clean out .

operation.

Figure 11 is a vertical cross-section of a clean out apparatus comprising concentric

coiled tubing string.

Figure 12 is a general view showing a partial cross-section of the apparatus and
method of the present invention using concentric coiled tubing string as it is located

in a clean out operation.

Figure 13 is a schematic drawing of the operations used for the removal of exhaust

clean out medium and clean out material out of the well bore.

Figure 14a shows a vertical cross-section of a downhole flow control means in the

open position for use with concentric coiled tubing string.

Figure 14b shows a vertical cross-section of a downhole' flow control means of

Figure 14a in the closed position.
Figure 15 shows a vertical cross-section of a concentric coiled tubing connector.

Figure 16 is a schematic drawing of a concentric coiled tubing bulkhead assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Apparatus and methods of operation of that apparatus are disclosed herein in the
preferred embodiments of the invention that allow for clean out of both cased and
open hole well bores in hydrocarbon formations. From these preferred
embodiments, a person skilled in the art can understand how this reverse circulation

clean out process can be used safely in the oil and gas industry. The clean out
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process of the present invention using drill pipe can use either a service rig or a
drilling rig for operation.

Figure 1 is a vertical cross-section of a bottom portion of a clean out apparatus 4 of
one preferred embodiment of the present invention which has been delivered into a
well bore 30. At or near the bottom 7 of said well bore 30 is situated clean out

material 38 comprising sand, shale, drill cuttings, drilling fluid and the like, which
when removed increases the productivity of well bore 30.

Clean out apparatus 4 comprising concentric drill string 5. Concentric drill string 5
comprises an inner pipe 6 having an inside wall 8 and an outside wall 10 and an
outer pipe 12 having an inside wall 14 and an outside wall 16. The diameter of inner
pipe 6 and outer pipe 12 can vary,; in one embodiment of the invention, the outer
diameter of the outer pipe 12 is 4 1% ihches and the outer diameter of the inner pipe 6

Is 2 %2 inches. Joints of concentric drill string 5 are attached one to another by
means such as threading means 42 to form a continuous drill string.

Concentric drill string annulus 20 is formed between the outside wall 10 of the inner
pipe 6 and the inside wall 14 of the outer pipe 12. Clean out medium 76, for
example, drilling mud, fluid such as acids, compressed air or commingled mixtures of
drilling mud, fluids, and gases such as nitrogen and carbon dioxide, is pumped down
concentric drill string annulus 20 by a discharge means, for example, a discharge
compressor 48 for gas as shown in Figure 3 or a mud pump for drilling mud and

drilling fluid as shown in Figure 13. Clean out material 38 and exhausted clean out

medium 104 are removed through inner space 9 of inner pipe 6 aided by means of
a suction compressor 49 as shown in Figure 3, if necessary.

Figure 2 is a vertical cross-section of the botiom portion of clean out apparatus 4
further comprising a clean out tool 2 attached to concentric drill string 5 by threading
means 42. Clean out tool is in fluid communication with both the concentric dril
string annulus 20 and the inner space 9 of inner pipe 6. Clean out apparatus 4 as
shown in this embodiment is operated by compressed air 76" as the clean out

medium fraveling down concentric drill string annulus 20.
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The clean out tool 2 comprises clean out spear 22 having a plurality of impact teeth 3
at its lower end to move clean out materials 38 located at or near the well bore
bottom 7. Clean out spear 22 is connected 10 a reciprocaling piston 24 moving
within piston casing 26. Ventur 34, positioned between the reciprocating piston 24

and the inner pipe, directs and accelerates e‘xhaust alr 104 from the reciprocating
piston 24 1o the inner pipe 6.

In operation, the compressed air 76' is pumped down concentric drill string annulus
20 by means of discharge compressor 48. Preferably, compressed air 76' is pumped
at a pressure substantially equal to or below the pressure of the formation. This is
particularly important when cleaning out low and under pressure weli bores. Clean
out operations can be pe'rformed on either cased wells or open hole wells. With
cased wells, the casing (not shown) has open perforations for flow 6f hydrocarbons.
Thus, if conventional, over balanced clean out operations are used, the clean out
material can be forced against these peﬁorations due to the pressure exceeding the

formation pressure. Similarly, in open hole completed wells, over balanced clean out

operations can damage the producing zones by forcing clean out material into these

Z0oNes.

The -compressed air 76 picks up and carries clean out material 38 to inner pipe 6.
Exhausted compressed air 104' and clean out material 38 is then suctioned out of
inner pipe 6 to the surface of well bore 30 by means of suction compressor 49, if
necessary. If there is enough pressure' from the discharge compressor 48, there
may be sufficient pressure to flow back the clean out material 38 by its own means.

without the assistance of suction compressor 49.

In a preferred embodiment, a shroud 28 is located between the piston casing 26 and
the well bore 30 in relatively air tight and frictional engagement with the inner well
bore wall 32. Shroud 28 prevents compressed air 76' and clean out material 38 from

escaping up the well bore annulus 40 between the outside wall 16 of the outer pipe
12 of the concentric drill string 4 and the inner well bore wall 32.

In yet another embodiment of the present invention, compressed air 76' can be

pumped down the inner space 9 of inner pipe 6 and the clean out material 38 and
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exhausted compressed air 104' carried to the surface of the well bore through
concentric drill string annulus 20.

Reverse circulation clean out of the present invention can also use drilling mud or
drilling fluids as well as air to power a rotary clean out tool in the well bore. Mud pumps
can be substituted for discharge compressor 48 to push mud or fluids down concentric
drill string annulus 20. Clean out material, drilling mud, fluids, acids and the like travel
up the inner space 9 of inner pipe 6 to surface of the well bore where they are put into a
mud tank or pit. In the alternative, drilling mud or drilling fluids can be pumped down the
inner space 9 of the inner pipe 6 and the drilling mud or drilling fluids and the clean out
material travel up the concentric drill string annulus 20 to the surface of the well bore.

Figure 3 shows a preferred embodiment of the present method and apparatus for safely
cleaning a natural gas well or any well containing hydrocarbon using the concentric drill
string. Drilling or service rig 46 comprises discharge compressor 48 which is connected
to well head 43 and pumps compressed air down the concentric drill string annulus 20
of concentric drill string 4. Clean out apparatus comprises reciprocating clean out tool 2
which is operated as described above to clean out well bore 30. As reciprocating clean
out tool 2 cleans out well bore 30, exhausted compressed air, clean out materials and
hydrocarbons from formation bearing zones are either moved up inner pipe 6 to the

surface of the well bore by its own means or suctioned up inner pipe 6 by means of
suction compressor 49,

Connected to suction compressor 49 is discharge line 54, which carries the exhausted
compressed air, clean out material and hydrocarbons produced from the well bore to
separator 53 where the clean out material is separated from the hydrocarbons. The
separated clean out material is then transported through storage line 61 and deposited
either in pit 58 or storage tank 59.

The separated gaseous hydrocarbons are transported via blewie line 56 and are flared
through flare stack 60 by means of propane torch 62 to atmosphere. Propane torch 62
IS kept lit at all times during clean out operations to ensure that all hydrocarbons are

kept at least 100 feet away from the drilling or service rig floor 64.
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A surface flow control means or surface annuiar blowout preventor 66 is used to
prevent hydrocarbons from escaping from the formation annulus bstween the inner

~ well bore wall and the outside wall of the outer pipe of the concentric drill string

during certain operations such as tripping concentric drill string in or out of the well
bore. An example of a suitable surface annular blowout preventor 66 is shown in

Figure 4. Other surface blowout preventors that can be used are taught in U.S.
Patents Nos. 5,044,602, 5,333,832 and 5,617,917,

It is preferable that the surface annular blowout preventor contain a circular rubber
packing element (not shown) made of neoprene synthetic rubber or other suitable
material that will allow the surface annular blowout preventor to seal around the

shape of an object used downhole, for example, drill pipe, air hammer, drill bits, and
other such drilling and clean out tools.

Surface annular blowout preventor 66 is not equipped to control hydrocarbons
flowing up the inside of concentric drill string 4, however. Therefore, a second
downhole flow control means or blowout preventor 68 is used to prevent
hydrocarbons from coming up inner pipe 6 and concentric drill string annulus 20. For
example, when concentric drill string 4 is tripped out of the well bore, downhole flow -
control means 68 should be in the closed position to ensure maximum safety. This
allows for the safe removal of all joints of concentric drill string from the well bore
without hydrocarbons being present on the drill rig floor 64. The downhole flow
control means 68 is preferably attached at or near the bottom of the clean out

apparatus for maximum effectiveness.

One embodiment of downhole flow control means 68 is shown in greater detail in
Figure 5. This figure shows downhole flow control means 68 in the open position,
where clean out medium 76 can flow down concentric drill string annulus 20 and in
communication with flow path 78. Clean out medium 76 is allowed to continue
through flow control means 68 and communicate with and power the reciprocating
clean out tool. Exhausted compressed air, clean out materials and hydrocarbons
can flow freely from the reverse circulation of the reciprocating clean out tool either
on its own force or assisted by means of the suction action of the suction
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compressor up flow path 80. Exhausted clean out medium, clean out material and
hydrocarbons then flow through ports 82 which allow for communication with the

inner pipe 6 through flow path 84.

When desired, flow paths 78 and 80 can be closed by axially moving inner pipe 6
downward relative to outer pipe 12, or conversely moving outer pipe 12 upward
relative to inner pipe 6. Inner pipe 6 can be locked into place relative to outer string
12. A friction ring 86 on surface 88 aligns with recess 90 on surface 92 to lock the
iInner pipe 6 and outer pipe 12 together until opened again by reversing the
movement. When in the closed position, surface 92 is forced against surface 88 to
close off flow path 80. Similarly, surface 94 is forced against surface 96 to seal off
flow path 78. Applying axial tension between the two pipes reverses the procedure,

and restores flow through flow path 78 and 80.

An optional feature of flow control means 68 is to provide a plurality of offsetting
ports 98 and 100 which are offset while the downhole flow control means is open,
but are aligned when the downhole flow control means is in the closed position. The
alignment of the plurality of ports 98 and 100 provide a direct flow path between flow
paths 78 and 80. This feature would allow for continued circulation through the inner
pipe 6 and the concentric drill string annulus 20 for the purpose of continuous
removal of clean out material from the concentric drill string while the downhole flow

control means 68 is in the closed position.

The downhole flow control means can be used when clean out method uses drilling
mud', drilling fluids, gas or various rhixtfures of the three. However, when the clean
out medium used is drilling mud or drilling fluid, an alternate downhole flow control
means can be used Which only shuts down flow through the inner pipe 6. This is
because the hydrocarbons would likely not be able to escape through the drilling
mud or drilling fluid remaining in concentric drill string annulus 20. One embodiment
of such a downhole flow control means is shown in Figures 6a and 6b, Figures /a
and 7b, Figure 8 and Figure 9. This flow control means is further described in more
detail in U.S. Patent Application, Serial No. 10/321087, incorporated herein by

reference.
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Figures 6a and 6b show the downhole flow control means 680 in the open position,
where exhausted compressed air, drilling mud or fluids, clean out material and
hydrocarbons can flow freely up the concentric drill string attached thereto to the
surface of the well bore. Figures 7a and 7b show the downhole flow control means
680 in the closed position. To place the downhole flow control means 680 in the
closed position, the concentric drill string must be resting solidly on the bottom of the

well bore. The entire concentric drill string is rotated three quarters of one turn to the

left. The mechanical turning to left direction closes a plurality of flow through slots

102, shown in Figure 8 in the open position. The closed position of the downhole
flow control means 480 is shown in Figure 9 where the plurality of flow through slots

102 is in the closed position.

To open the downhole flow control means 480", the downhole flow control means 480
is place solidly on the bottom of the well bore and the entire concentric drill string
480 is rotated back to the right, three quarters of one turn. This will restore the

plurality of flow through slots 102 to the open position.

It may occur at times during clean out operations that a "kick" or overpressure
situation occurs down in the well bore. If this occurs, both the surface annular
blowout preventor 66 and the downhole flow control means 68 would be put into the
closed position. Diverter line 70 and manifold choke system 72 would be used to
reduce the pressure in the well bore. If this fails to reduce the pressure in the well
bore then drilling mud or fluid could be pumped down the kill line 74 to regain control

of the well.

Another preferred embodiment of the present invention is shown in Figure 10.
Figure 10 shows a well bore 230 which has been cased in by casing 209. Casing
209 comprises a plurality of casing perforations 211 located at the 'various production
zones 223 of the formation. In this embodiment, the horizontal leg of the well is not
cased. The clean out apparatus 204 of this embodiment comprises production
tubing 213 which may be left permanently in the well bore 236 or it can be simply
used for clean out and pulled from the well once clean out has been completed. In

another embodiment, coiled tubing can replace jointed production tubing. Coiled
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tubing can also be left permanently in the well bore or it can be simply used for clean
out and pulled from the well once clean out has been completed. Well casing 209 is
cemented in place by forcing cement between the well bore inner wall 233 and the

outer wall 232 of casing 209.

Production tubing 213 is inserted inside casing 209 and the bare horizontal legg of
the well bore and can either be used alone for clean out or can further comprise
clean out tool 202. Clean out tool 202 comprises clean out spear 222 having a
plurality of impact teeth 203 at its lower end to move clean out materials 238 located
at or near the well bore bottom 207. Clean out spear 222 is connected to a
reciprocating piston 224 moving within piston casing (not shown). When colled
tubing is used, the clean out apparatus 204 can further comprise a rotation means

attached to the reciprocating clean out tool.

The diameter of the well casing 209 and production tubing 213 can vary depending
upon the production from the well. Typically, well casing is approximately 4.5 inches
in diameter and production tubing is between 2 and 3 inches in diameter. An outer
annulus 215 is formed between the inner wall 235 of the casing 209 and the outer
wall 237 of production tubing 213. At the top of the well there can be a casing bowl
217 and a wellhead 243.

Clean out apparatus 204 of the present invention further comprises discharge
compressor 249 and suction compressor 248. Discharge compressor 249 produces
a high volume of low pressure clean out medium 276, for example, compressed arr,
which is directed down outer annulus 215 thhrough pathway 239 in the casing bowl
217. In the alternative, wellhead 243 can also be used as a pathway to the outer
annulus 215. It is understood that when drilling mud or drilling fluid is used as the

clean out medium, discharge compressor 249 can be replaced with a mud pump.

When using compressed air as the clean out medium, the flow of air is typically
around 1600 cfm and the pressure is typically around 100 psi; however, the flow of
air will vary depending upon the well conditions and formation pressure. Thus, the
air pressure is preferably substantially equal to or less than the formation pressure,

but sufficient to drive the volume of air to the bottom of the well bore where it mixes
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with clean out material 238 comprised of fracturing sand, fiuids, and the like, which
needs to be evacuated from the well bore to the surface. This clean out material 238

is pushed out of the various production zones 223 by the formation pressure and
accumulate at the bottom 207 of well bore 230.

Clean out material 238 and exhausted clean out medium 247 will be discharged
through the inner space 221 of production fubing 213 as a result of the formation
pressure and the clean out medium flow rate and pressure. However, formation
pressure and the pressure of the compressed air may not be sufficient to carry clean
out material 238 to the surface of the well bore, particularly in low or under balanced
wells. Therefore, suction compressor 249 is connected to wellhead 243 to create a
suction over the mouth 245 of production tubing 213. Thus, suction compressor 249

assists discharge compressor 248 in drawing all the clean out material 238 through
inher space 221 of production tubing 213.

In the alternative, clean out material can bée introduced into the inner space 221 of
production tubing 213 by means of a discharge compressor or mud pump and the
clean out material 238 can be removed through the outer annulus 215 by means of a
suction compressor to the surface of a well bore. In this case, the discharge
compressor or mud pump would be operably connected near the top of the coiled

~ tubing and the suction cofnpressor would be operably connected near the top of the

outer annulus of the well bore.

~ As previously mentioned, clean out material can vary from fracturing sand and fiuid,

acid, shale, water,' etc. in addition to hydrocarbons produced from the producing
zones. Thus, connected to suction compressor 249 is discharge line 254, which
carries the exhausted clean out medium, clean out material and hydrocarbons
produced from the well bore to separator 253 where the clean out material is
separated from the hydrocarbons. The separated clean out material is then
transported through storage line 261 and deposited either in a pit or a storage tank
(not shown). The separated gaseous hydrocarbons are transported via blewie line

256 and are flared through flare stack by means of propane torch to atmosphere (not
shown).
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When necessary, clean out apparatus as shown in F.igUre 10 further comprises a
downhole flow control means 268, or downhole blowout preventor, located at or near
the bottom of production tubing 213. ‘The downhole flow control means as shown in
Figure 5 s preferably used for safety purposes when the production tubing 213 is
being used for clean out purposes only. The downhole flow control means 268
allows the production tubing to be tripped out of the well without hydrocarbons
flowing uncontrolled through thé inner space 221 to the surface of the well bore.
When tripping out the production tubing, both flow paths 78 and 80 of downhole flow
control means in Figure 5 should be closed off. Other valve means which can shut

off the flow through the inner space 221 are known in the art and can be used in
the present embodiment. |

Figure 11 is a vertical cross-section of a bottom portion of ancther preferred
embodiment of the present invention which uses coiled in coiled tubing. Figure 11
shows clean out apparatus 300 having been delivered into well bore 332. At or near
the bottom 400 of said well bore 332 is situated clean out material 338 comprising

sand, shale, drill cuttings, drilling fluid and the like, which when removed increases
the productivity of well bore 332.

Clean out apparatus 300 comprises concentric coiled tubing string 303. Concentric
coiled tubing stﬁng 303 comprises an inner coiled tubing string 301 having an inside
wall 370 and an outside wall 372 and an outer coiled tubing string 302 having an
inside wall 374 and an outside wall 376. The inner coiled tubing string 301 is
inserted inside the outer coiled tubing string 302. The outer coiled tubing string 302
typically has an outer diameter of 73.0mm or 88.9mm, and the inner coiled tubing
string 301 typically has an outer diameter of 38.1mm, 44.5mm, or 50.8mm. Other
diameters of either string may be run as deemed necessary for the clean out
operation. Concentric coiled tubing string annulus 330 is formed between the

outside wall 372 of the inner coiled tubing string 301 and the inside wall 374 of the
outer coiled tubing string 302.

Clean out apparatus 300 further comprises bottom hole assembly 322 attached to

the bottom of concentric coiled tubing drill string 303 by means of concentric coiled
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tubing connector 306. It should be understood, however, that the present
embodiment could also operate without bottom hole assembly 322 in much the same

fashion as described for the clean out apparatus in Figure 1. This is shown in Figure
12.

Bottom hole assembly 322 comprises clean out tool 304, which is in fluid
communication with both the concentric coiled tubing string annulus 330 and the
inside of inner coiled tubing string 301. Clean out tool 304 further comprises clean
out spear 378 having a plurality of impact teeth 305. Clean out spear 378 is
connected to a reciprocating piston 380 housed in a piston casing for moving the
clean out spear 378 up and down to aid in moving clean out material 338 located at
or near the well bore bottom 400. In a preferred embodiment, bottom hole assembly
322 further comprises a downhole blowout preventor or flow control means 307,

disconnecting means 308, and rotating sub 309.

Rotating sub 309 rotates the clean out tool 304 to ensure that clean out spear 373
doesn't move up and down at only one spot in the well bore. Disconnecting means
308 provides a means for disconnecting concentric coiled tubing string 303 from the
clean out tool 304 should it get stuck in the well bore. Downhole flow control means
307 enables flow from the well bore to be shut off through either or both of the inner
coiled tubing string 301 and the concentric coiled tubing string annulus 330 between
the inner coiled tubing string 301 and the outer coiled tubing string 302. Concentric
coiled tubing connector 306 connects outer coiled tubing string 302 and inner coiled
tubing string 301 to the bottom hole assembly 322. It should be noted, however, that
outer coiled tubing string 302 and inner coiled tubing string 301 could be directly

connected to clean out tool 304.

Flow control means 307 operates by means of two small diameter capillary tubes
310 that are run inside inner coiled tubing string 301 and connect to downhole flow
control means 307. Hydraulic or pneumatic pressure is transmitted through capillary
tubes 310 from surface. Capillary tubes 310 are typically stainless steel of 6.4mm
diameter, but may be of varying material and of smaller or larger diameter as

required.
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Clean out medium 328 is pumped through concentric coiled tubing string annulus 30
by means of discharge compressor 321 (in the case of compressed air and the like)
or mud pump 323 (in the case of drilling mud or drilling fluid),as shown in Figure 13,
into a flow path 336 in the reverse-circulating clean out tool 304, while maintaining
Isolation from the inside of the inner coiled tubing string 301. The clean out medium
328 powers the reverse-circulating clean out tool 304, which cleans the well bore of
clean out material 338 such as fracturing sand, acid, fluid, shale, cement and the like

without damaging the hydrocarbon formation 334.

Exhaust clean out mﬁedium 335 from the reverse-circulating clean out tool 304 is, in
whole or in part, drawn back up inside the reverse-circulating clean out tool 304
through a flow path 337 which is isolated from the clean out medium 328 and the
flow path 336. Along with exhaust clean out medium 335, clean out material 338
and formation fluids 339 are also, in whole or in part, drawn back up inside the
reverse-circulating clean out tool 304 and into flow path 337. Venturi 382 aids in
accelerating exhaust clean out medium 335 to ensure that clean out material 338 is
removed from well bore bottom 400. In a preferred embodiment, shroud 384 is
located between reciprocating piston 380 and inner wall 386 of well bore 332 in
relatively air tight and frictional engagement with the inner wall 386. Shroud 384
reduces the potential for exhaust clean out medium 335 and clean out material 338
from escaping up the well bore annulus 388 between the outside wall 376 of outer
coiled tubing string 302 and the inside wall 386 of well bore 332 so that the exhaust
clean out medium 335, clean out material 338, and formation fluids 339 preferentially
flow up the inner coiled tubing string 301. Exhaust clean out medium 335, clean out
material 338, and formation fluids 339 from flow path 337 are pushed to surface
under formation pressure and/or with the assistance of suction compressor 341 as

shown in Figure 13.

In another embodiment of the present invention, clean out medium can be pumped

down Inner coiled tubing string 301 and exhaust clean out medium carried to the

surface of the well bore through concentric coiled tubing string annulus 330.

Reverse circulation of the present invention can use as a clean out medium air,

drilling mud or drilling fluids or a combination of drilling fluid and gases such as
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nitrogen and air. Discharge compressor 321 (see Figure 13) is preferably set at a
pressure substantially equal to or lower than the formation pressure. This will help
prevent clean out medium 328 from being pushed, together with the clean out
material 338, into hydrocarbon formation 334. if clean out medium used is drilling
mud or drilling fluid, mud pump 323 (see Figure 13) is also preferably set at a

pressure substantially equal to or lower than the formation pressure.

Figure 12 shows another preferred embodiment of the present method and
apparatus using concentric colled tubing for safely cleaning out a natural gas well or
any well containing hydrocarbons using concentric coiled tubing clean out apparatus.
Concentric coiled tubing string 303 is run over a gooseneck or arch device 311 and
stabbed into and through an injector device 312. Arch device 311 serves to bend
concentric coiled tubing string 303 into injector device 312, which serves to push the
concentric coiled tubing string into the well bore, or pull the concentric coiled tubing
string 303 from the well bore as necessary to conduct the operation.“ Concentric
colled tubing string 303 is pushed or pulled through a stuffing box assembly 313 and
Into a lubricator assembly 314. Stuffing box assembly 313 serves to contain well
bore pressure and fluids, and lubricator assembly 314 allows for a length of coiled
tubing or bottomhole assembly 322 to be lifted above the well bore and allowing the

well bore to be closed off from pressure.

The preferred embodiment in Figure 12 uses concentric coiled tubing string without a
bottomhqle assembly connected at the bottom. Preferably, a downhole flow control
means would be attached at or near the bottom of the concentric coiled tubing string
for safety purposes. Typically, downhole flow control means would first be tested to
ensure It is capable of closing from surface actuated controls (not shown) and
containing well bore pressure without leaks before the concentric coiled tubing string

IS lowered into the well.

However, a bottom hole assembly such as depicted in Figure 11 could also be
connected to the concentric coiled tubing string 303. Typical steps would be for the
bottom hole assembly to be pulled into lubricator assembly 314. Lubricator

assembly 314 is manipulated in an upright position directly above the wellhead 316
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and surface blowout preventor 317 by means of crane 318 with a cable and hook
assembly 319. Lubricator assembly 314 is attached to surface blowout preventor
317 by a quick-connect union 320. Lubricator assembly 314, stuffing box assembly
313, and surface blowout preventor 317 are pressure tested to ensure they are all

capable of containing expected well bore pressures without leaks.

Surface blowout preventor 317 is used to prevent a sudden or uncontrolied flow of
hydrocarbons from escaping from the well bore annulus 388 between the inner well
bore wall 386 and the outside wall 376 of the outer coiled tubing string 302 during‘
the clean out operation. An example of such a blowout preventor is Texas Oil Tools
Model # EG72-T004. Surface blowout preventor 317 is not equipped to control

hydrocarbons flowing up the inside of concentric coiled tubing drill string, however.

‘Figure 13 is a schematic drawing of the operations used for the removal of exhaust

clean out medium and clean out material out of the well bore. Suction compressor
341 or similar device may be placed downstream of the outlet rotating joint 340 to
maintain sufficient fluid velocity inside the inner coiled tubing string 301 to keep all
solids moving upwards and flowed through outlet rotating joint 340. This is
especially important when there is insufficient formation pressure to move exhaust
clean out medium 335, clean out material 338, and formation fluids 339 up the inner
space of the inner coiled tubing string 301. Outlet rotating joint 340 allows exhaust
clean out medium 335, clean out material 338, and formation fluids 339 to be

discharged from the inner space of inner coiled tubing string 301 while maintaining

pressure control from the inner space, without leaks to atmosphere or to concentric

coiled tubing string annulus 330 while moving the concentric coiled tubing string 303

into or out of the well bore.._

Upon completion of pressure testing, wellhead 316 is opened and concentric coiled
tubing string 303 and bottom hole assembly 322 (if used) are pushed into the well
bore by the injector device 312. A hydraulic pump 323 (commonly called a mud
pump) may pump drilling mud or drilling fluid 324 from a storage tank 325 into a flow
line T-junction 326 when drilling mud or drilling fluid is used as the clean out medium.

In the alternative, or in combination, discharge compressor 321 may also pump air or
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