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FIG. 1 - PRIOR ART

(57) Abstract: A method for distributing injection fluid in a horizontal well bore in fluid communication with hydrocarbon bearing
formation begins by determining flow resistance characteristics of the formation along at least a portion of the length of the horizontal
well bore. An injection tubing string having a sidewall defining a tubing bore is injected into the horizontal well bore. The tubing
& string is provided with ports having a selected distribution and geometry. The annulus geometry is selectively controlled along the
e\ length of the tubing string through at least one of axial distribution of eccentricity and flow area of the annulus, so as to provide
selected flow restriction characteristics along the annulus, such that when injection fluid is pumped into the tubing, a resulting flow
resistance network is formed by the tubing bore, the ports, the annulus and the formation, resulting in a desired distribution of the
fluid into the formation.
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TITLE

A method for providing a preferential specific mjection distribution from a horizontal
1njection well.
FIELD

The present method is directed towards the improved recovery of hydrocarbons from
subterranean formations. More specifically the present method relates to a method of
providing a preferential imjection distribution in to a permeable formation from 2 horizontal

well bore.

BACKGROUND
One process commonly used for in-situ recovery of highly viscous “tar-sand” based

hydrocarbons (bitumen) is steam assisted gravity drainage (SAGD). SAGD relies on pairs of
honzontal wells arranged such that one of the pair of horizontal wells, called the producer, is
located below the second of the pair of wells, called the injector. Recovery of bitmnen 18
accomplished by injecting steam into the injector wellbore. The steam then proceeds from the
injector wellbore into the hydrocarbon bear.iilg formation where it creates a steam chamber.
As steam 1s continuously injected into the formation, it enters the steam chamber, migrates to
the edge of the steam chamber and condenses on the interface between the chamber and
hitumoous formation. As the steam condenses, it transfers cnergy to the bitumen, which
improves 1ts mobility by heating it up and decreasing its viscosity. The rmobile bitumen and
condensed water flows down the edges of the steam chamber and into the producer wellbore.
The fluid mixture that enters the producer well is then produced to surface.

One strategy used for preferred injection distribution of steam is to use a slotted liner
with a low open area. In this strategy, the active mechanism for providing the improved
mjection fluid distribution is an increased radial flow resistance due to near well bore

divergence losses.
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Another strategy is to use a technique called “limited entry”. This technique involves
injecting steam 1nto a tubing $ i g which is inside the substantially perforated liner of an
injection well. The tubing erIing is equipped with a limited number of distributed
perforations. The active mechi]mism in this strategy is' utilization of the choked-flow

phenomenon which limits mass-flow velocity through a restriction to sonic velocity.

SUMMARY
There is therefore provided a method for distributing injection fluid m a honzontal

wel[ bore in fluid communi:bation with hydrocarbon bearing formation éomprises
determining flow resistance chai'acteristics of the formatton along at least a portion of the
length of the horiiontal well boil"c. An i"nj ection tubiug string having a sidewall defining a
tubing bore is injected into the ‘ horizontal well bore. An annulus is defined between the

horizontal well bore and the tubing string, the tubing string being provided with ports having
a selected distribution and gcon"ietry communicating fluid between ihe tubing bore and the ,
annulus. The annulus geometry I,is selectively contro]led along the length of the tubing string
through at least one of axial distnl‘ibution of eccentricity and flow area of the annulus, 50 as to
provide sclected flow restrictionl' characteristics along the annulus, such that when imjection

fluid is pumped into the tubing, ja resulting flow resistance network is formed by the tubing -
bare, the ports, the annulus and ﬂze formation, resulting in a desired distribution of the fluid

into the formation.

According to another aspect of the method, a preferential injection distribution of

steam and heat from a horizontal well bore into a subterranean formation is provided.

Inittally, a horizontally oriented well 1s drilled into the formation. Next an apparatus
according to the present jnvention is installed in the wel bore. Steam is then supplied to the

apparatus such that it provides a|preferential distribution to the subterranean formation. The

preferential distribution of steam may be uniform or it may be directed to the preferential

recovery of hydrocarbons by taréeting injection to areas of specific formation permeability or
depletion history.
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According to another aspect of the method, a first step mmcludes determining the
preferential distribution of injected fluid along the length of the horizontally positioned
wellbore. A second step includes configuring the injectton apparatug to deliver the
preferential distribution of injection fluid by determining the appropriate sizing and spacing
of injection opcnings, and the required annular gap. The apparatus consists of a sand control
device and a smaller diameter tubular with a plurality of preferentially distributed injection
openings positioned within the sand control device for the purpose of distmbuting flud
within the sand control device. A third step mcludes positioning the apparatus in a horizontal
well bore. A fourth step includes supplying steamn to the apparatus for preferential

- distribution to the well bore.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features will become more apparent Som the following description in
which reference is made to the appended drawings. The drawings are for the purpose of
illustration only and are not intended, in any way, to limit the scope of the method to the
particular embodiment or embodiments shown, wherein:

FIG. 1 is a schematic cross-section of a horizontal well bore completed in accordance
with the prior art. ‘

FIG. 2 is a schematic cross-section of a horizontal well bore .OOImJICICd in accordénce
with the prior art.

FIG. 3 is a schematic cross-section of a horizontal well bore completed in accordance
with the present method. ' |

FI1G. 4 1s an end view 1n section of a tubing string supported by a centraﬁ.zef.

FIG. 5 is a graph showing the pressure increase expected as the flow ratio is
improved. _

FIG. 6 is a graph showing the non-linear flow-rate pressure loss relationghip for a
given fluid through a sample injection opening,.

FIG. 7 1s a schematic showing a cross-section of a small portion of a completed

horizontal well bore wherein the tubing is equipped with discrete annular flow restriction

fixturing.
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FIG. 8 is a schematic showing cross—secﬁons of a small portion of a completed
horizontal well bore wherein the tubing is provided with corrugations.

FIG. 9 is a graph which demonstrates the effect of axial annular flow resistance on
specific injection rate. |

FIG. 10 is a graph which demonstrates the benefit of prefersntial distribution of

tubing injection openings where variable formation permeability exists.
DETAILED DESCRIPTION

Horizontal injection wells are most effective if the volume of injected steam is
preferentially distributed along the length of the horizontal well which allows for creation of
a uniform steam chamber along the length of the injector. In some cases the preferential
distribution is uniform along the length of the well and in other cases the preferehtial
distribution. targets specific sections of the reservoir which are less depleted than other
sections. The method described below may be used provide a preferential distribution of
steam to a subterranean formation via a substantially horizontally positioned wellbore based
on an assessment of the formation characteristics (such as permeability distribution, flow

resistance in the formation, and depletion history), and to minimize injection pressures.

Referring to FIG. 1, a prior art steam distribution method 1s shown. Steam is
distributed to the formation 10 through a limited number of slotted perforations 18 in the
liner 22. In this strategy, the active mechanism for providing the injection fluid distribution is
an increased radial flow resistance due to near well bore divergence losses. As proposed in
this strategy the liner has a limited number of slotted perforations that are exposed to the
formation. In some cases, slotted perforations exposed to formations cofsisting of
unconsolidated sands are prone to plugging. Where the number of slotted perforations is low,
such plugging may limit the injectivity of the well and may have an unfavourable impact on
the steam distribution. Thus an alternate strategy iz required with more resistance to

plugging.
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Referring now to FIG. 2, another prior art steam distribution method is shown. A
horizontal wellbore 14 is shown penetrating a hyﬂrocarbdn bearing formation 12. Steam is
infected into the wellbore through the tubing string 22 and flows to the honizontal section of
the wellbore where it exits the tubing string through perforations 18 in the tnbing. The steam
Ijection ra'te, perforation geometry and perforation quantity are selected such that critical
flow will be achieved through the tubing perforations, provided the stcam is‘supplied with
sufficient injection pressure such that a critical pressure ratio is achieved between the
injection tubing and the annulus. This injection strategy provides uniform steam distribution
to the annulus between the liner and the tubing with a large pressure drop between the tubing
and the annulus. Preferentially a steam injection strategy would provide an injection
distribution tailored to the condition of the formation (such as the depletion of the well, or the
flow resistance network) with minimum pressure drop. The “flow resistance™ of a formation
is related to the ability of a formation to recetve fluids injected from the well bore under the |
action of a pressure differential between the wellbore and the formation pore pressure, and is
dependent upon formation properties such as permeability, and any other factors that may

contribute to the amount of fluid that can be mjected.

Referring to FIG. 3, there is provided a preferential injection distribution of steam
and heat into 2 permeable subterranean formation from a horizontal well bore. A horizontal
well bore 12 has a heel portion 14 and a toe portion 16. In a first step, the distribution of
formmation permeability and depletion history i1s determined along the length, or a target
length, of the horizontally positioned wellbore. Using this information, a preferred injection
distribution may then be dctermined. Once the preferred injection distribution has been
determined, the injection apparatus can then be configured to deliver the preferred injection
distribution by providing selected flow restriction characteristics. This is done by
detenmining the appropniate geometry and spacing of injection openings, and the required
anmalar geometry. The flow resistances introduced by these variables crcate a flow
resistance network in combination with the flow resistance of the formation to achieve the
preferred injection distribution. The apparatus consists of a sand control device 28, which is

preferentially a slotted lmer, and a smaller diameter tubing string 22 with a plurality of
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preferentially distributed injection ports 18. The ports 18 are distributed non-uniformly to
achieve the desired injection distribution. In addition, since it is generally the flow area that
15 changed to achieve different flow areas for the steam, the size of the perforations 18 may
be adjusted along with, or instead of, the perforation density to help achieve the desired
> imjection distribution. Next, the sand control device 28, if used, is positioned in the
honzontal well bore. Sand control device 28 may be a slotted liner, a wirc-wrap screen, or
other design that provides .simil.ar resuits. Injection tuBing 22 is then inserted. ,Alternatively,
the well bore 12 may not requii'e a lmer 28, in which case tubing siring 22 may be inserted ’
directly into well bore 12. Injection tubing 22 has an injection zone with a plurality of
10  preferentially distributed injection openings 18 or perforations, and an outside diameter such
that the size of the offset annulus 30 provides preferential redistribution of flow within the
annulus. Naturally, tubing 22 will tend to rest on the lower inside surface of the sand control
device 28 or well bore 12, so that annulus 30 will be larger on the top than on the bottom.
The tubing 22 is installed such that the perforations 18 align with the injection target area of
15  the well. However, the tubing 22 is preferably the full length of the well with a capped end.
Once installed, steam is injected along the horizontal well bore 12 through the injection
tubing 22, The fluid injection is initiated at surface through the tubing 22, then through the
injection openings 18 into the annulus 24 and then into the formation through the sand
control device 28. Horizontal injection wells are.generally more effective if the injection
20  volume is distributed along the length of the horizontal well. To achieve preferential injection
distribution along the length of a horizontal well the radial fldéw resistance must be balanced
with the axial flow resistance in the well. In the case of a tubing conveyed steam distribution
apparatus, multiple radial and multiple axial flow resistances must be considered.

25 When determining how to obtain the preferred inj ection distribution, the various flow
resttictions present in the system, or the flow resistance network, must be cdnsidered. In the
tubing string 22, there is an axial flow restriction, and a radial flow restriction out of j:orts 19.
In the‘ annulus between tubing string 18 and ether well bore 12 or liner 28, there will be a
radial flow restriction into through the liner 28 (if present) and into the formation, as well as

30  an axial flow restriction along the annulus. Finally, there is also a flow restriction within the
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formation. It will be noted that these restrictions may be non-linear and variable along the
length of the annulus. The actnal restriction applied will depend on factors such as the fluid
pressure, the geometry of the anmulus or the ports 18, the flow resi.stanbe of the formation,
the design of liner 28, etc. Thus, the flow resistance network may be manipulated to provide
desired results by controlling certain vanables. These variables include: the geometry of the
tubing string including the shape and diameter; the geometry, density and position of ports
18; the geometry of the annulus including the size of the annulus, the eccentric position of

- tubing string 22 within bore 12, and restriction points within the annulus; and the presence or

absence of a liner 28, including the geometry and permeability of the liner 28. This list is not
intended to be exhaustive, and once the principles discussed herein are understood, other
variables may be apparent to those skilled in the art. The details of these factors are

discussed below.

With the method described herein, the distribution of flow from the tubular string into
the annulus 1s controlled primarily by the through-wall flow resistance prdvided by the
injection openings on the removable tubular string, the axial variation in pressure along the
injection tubing 22, and the pressure differential between the injection tubing 22 and the
annulus. Where the number and geometry of injection openings 18 imposes a significant
restriction to flow and the cross-sectional area of the removable tubing stnng 1S adeﬁuate, the
pressure distribution in the tubular annulus will be substantially more uniform than the
distribution within the removable tubular string. The radial flow resistance of the tubing
string and the associated improvement in injection fluid distcibution must be balanced with
the incremental pressure required to supply the desired flow rate through increased total flow

resistance.

If the relationship between flow-rate and pressure drop for fluid flow through
injection openings is non-linear such ag the example shown in FIG. 6, it may be exploited to
further improve the response of the injection system axial. Specifically, such non-linearity
may be used to promote rate-independence of the imjection distribntion, whercby large

changes in the total injection rate have minimal impact on the distribution of fluid.
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Furthermore this can be done without plugging injection opetﬁngs, because the active

distribution injection openings ate not exposed to formation material.

Referring to FIG. 7, injection distribution into the reservoir is further influenced by
the s1ze of the annular space between the inner and outer tubulars, or the tubular string 22 and
the sand control device 28, respectively. In the presence of axial variations in reservoir flow
resistance, a small annular space may be selected to cause the injection distribution to be
more independent of reservoir permeability or a larger annular sf)ace may be utiIizbd to
encourage injection into more permeable regions. The cross-sectional flow area of the
armulus, or the geometry of the annulus can be controlled by appropriately selecting the
internal diameter of the sand control device 28 and the external diameter of the tubing string
22 such that they provide the desired flow area. The geometry of the annulus refers to the

“annular gap”, or the cross-sectional flow area between the well bore 12 or liner 28, and the
tubing string '22, and need not be consistent along the entire lengﬁh of the ammulus. The
geometry of the annular space controls the annular axial flow resistance which controls the
tendency of fluid to redistribute along the length of the annulus and into the reservoir. Once
the injection fluid has been distributed preferentially throughout the annular space, it can
flow radially into the formation or it can further distribute itself throughout the annulus,
depending on the flow resistance of the formation.

Various means may be provided to selectively control the aopulus flow area.
Examples of these include selection of the inside diameter of well bore 12 or liner 28 along
the horizontal well length. Where no liner is used, in so called barefoot completions,
selection of bit size combined with selectively under reaming may be used to control bore
hoie diameter, as is kpown in the art. Where liner 28 is used, the liner tubular inside diameter
may be selected to provide a constant inside diameter or may be selected to provide intervals
of differing diameter. Further means to control annulus flow area may be obtained by
providing tubular fixturing 84 at intervals along the tubing string 84, as shown in FIG. 7.
Tubular fixturing 84 may be provided in the form of inflatable packers or sleeves attached to

the tubular to effectively increase its outside diameter over an interval. It will be apparent
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that the means used to control the well bore diameter and means used to control the tubing or

tubing fixturing outside diameter can be used in combination to provide considerable

flexibility in selection of annular area when the tubing string is placed in the well bore and -
thus controls the annular axial flow resistance which controls the tendency of flmid to
redistribute along the length of the annulus and into the reservoir. Once the injection fluid has
been distributed preferentially throughout the annular space it can flow radially into the
formation or it ¢an further distribute itself throughout the annulus depending on the flow

resistance of the formation.

With reference to FIG. 8, a further means to selecﬁvcly control annular flow area
may be obtained by providing corrugations 90 in fhc tubing wall. Under application of
sufficient compressive axial load 92 the corrugations can be made to cxpand.radially
providing a means to selectively reduce the annulus flow area while the string is disposed in
the well bore. It will be apparent that the application of axial tension load provides a means

to reduce the annulus flow atea.

An cxample of a situation where it would be desireable to narrow the annular gap
would be where the well bore 12 being completed had axial non-uniformity. in its flow
resistance. In this situation, annulus geometry control would be exetcised to make the
annulus relatively narrow g0 that more of the injection fluid 1s forced to flow yadial,Iy into the
formation because the axial resistance to anmular flow has been increased. By making the
annulug smaller, more of the injection fluid is forced to flow radially into the formation
because the axial resistance to annular flow has been increased. FIG. 9 shows two sample
flow distributions in a reservoir with variable permeability along its length. In this example,
the centre section is five times less permeable than the end sections of the formation 54. In
this case, the specific injection rate is compared for two different axial annular flow
resistances. The curve 52 represents a low annular flow resistance and curve 50 represents a
substantially larger anmular flow resistance. It is clear from this comparison that by

controlling the annular flow resistance, the injection fluid distmbution can also be controlled.
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An example of a sitnation where 1t would be desireable to change the géomctry of the
annulus by restricting certain points, such as by using tubular fixturing to provide an increase
in the axial annular flow resistance at discrete points along the length of the well bore is
where certain portions of the formation are to be targeted, or certain portions are to be
avoided. For example, if the formation has previously been completed, but the injected fluid
was not preférentially distributed, there may be some portions of the formation that it would
be beneficial to inject steam into. Altcmatively, there may be a “thief zone”, or a zone with a
low flow resistance that accepts the injected fluid at a Jower pressure than other areas, such
that the effectiveness of the pressurized fluid is recuced in other areas. Other such situations
will be apparent to those skilled in the art. |

Slotted tubing perforations provide the preferred geometry for tubing perforations as
they are the least sensitive to the proximity of the inside diameter of the sand control device
28. The injection tnbing may be resting on the bottom surface of the inside diameter of the
sand control device 28 thus restricting imjection through perforations aligned with or nearly
aligned with the bottom of the injection tubing. In this configuration, the relatively large
perimeter to flow area ratio of the slotted perforation decreases the flow restriction caused by
the proximity of the inner diameter of the sand control device 28. This allows more accurate
prediction of flow characteristics and thus more accurate distribution of steam. Additionally,
slotted tubing perforations provide the preferred injection opening geometry because ihey
can be produced economically in a range of quantities and distributions to provide'the radial

flow control required.

Another advapntage of this method is that the preferentially distributed injection
openings are located on a retrievable tubing string and as such the tubing strihg may be
cleaned, replaced, modified, or re-positioned at any point in the well life. Similarly, existing
Injection wells may be re-completed” with such an injection string to improve overall
injection performance, or to direct injected fluid to regions of the reservci.i-. that were not

reachgcl with the onginal completion strategy. In thesc situations an undexstanding of the well

- 10 -
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history, the permeability distribution and the preferred injection distribution will allow
optimal recompletion.

It will be also noted that other factors may be considered when characterizing the

5 well. For example, the well spacing in SAGD operations may be taken into account. In
locations where injector and producer wells were closer together, pressure variations along
the injection well may be desirable to prevent steam breakthrough to the production well.
Another factor includes the evolution of steam chamber/ preferential steam chamber growth.
[f through field measurements, taken using, for example, tiltmeter, microseismic, etc., steam

10 chamber growth is determined not to be i.deal, the well can be recompleted with adjusted

steam distribution.

In some iInstances, the preferred distribution of injection fluid in horizontal well bores

1s uniform. It has been discussed in the prior art that to achieve uniform distribution, the

15 radial flow resistance for the injection fluid must be increased relative to the axial flow
resistance. The trade-off to increasing radial flow resistance is that the injection pressure

must be increased in order to supply the equivalent amount of injection fluid to the reservoir.
Increasing injection pressure places higher temperature and pressure demands on the fluid
injection apparatus. FIG. 5 illustrates the pressure trade-off for a single sample well

20  configuration with a uniform spacing of tubing perforations by comparing tine injection
pressure (the difference between pressure at the heel of the tubing and the pressure in the
reservoir) with the “injection flow ratio”, defined as the ratio of maximum to minimum
specific injection rate into the reservoir for a sample completion configuration (injgcti.on flow
ratio); With reference to FIG. 5 the relationship shown is ésym.ptotic to an injection flow

25 ratio of one. This relationship could be further optimized by improved distribution of
injection perforations. The preferred injection ﬁressm‘e 1S a balance between providing a

preferential flow distribution and maintaining mechanical and economic feasibility.

In other instances, the preferred distribution of injection fluid will not be uniform.

30  This may be the casc in a sitnation with variable formation permeability as previously

-1] -
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described, wherein the central formation region has pcnneabilitj} five times lower than outer
regions. If more fluid injection mito the low permeability zone 1s required, the perforations
may be preferentially distributed along the central portion of the well bore. An example of
the resulting injection distributions is shown 1n FIG. 10. The curve 60 shows the specific
injection rate in the case where the injection openings are distributed only in the low
permeability (center) section of the well and there is high axial annular flow resistance,
compared to the base case 62 with substantially evenly distributed injection openings and
low axial annular flow resistance. It is clear from FIG. 10 that flow distribution can be
controlled by varying the distnbution of the injection 0pcn‘ings' on the tubing string
Additionally, a non-uniform distribution may be useful in situations where the reservoir has
previonsly been depleted in a n.on-ﬁniform manner and thé imjection di éuibuﬁon will target

less depleted sections of the reservoir,

In certain cases the flow rate exiting the perforations in the tubing may have high
enough velocity that it creates a risk of damage to the inside surface of the sand control
device 28 due to impingement., Referring to FIG. 4, the preferred method of preventing
impingement is to use rigid fixed centralizers 32 on the tubing 22. The centralizers would be
locatéd at positions corresponding to the perforations 18 in the tubing 22 and would prevent
direct impimgement of steam onto the sand contro] device 28 and st1ll allow flow between the
tubing 22 and annulus 30.

Omne of the advantages of the method and apparatus described above is that it can be
used to provide a preferential injection distribution into a subterranean formation where the
injection distribution 1s largely independent of local variations in formation permeability.
Another advantage is that it can be used to provide a preferential injection distribution into a ‘

subterranean formation where the preferential injection distribution is not uniform.

In this patent document, the word "comprising” is used in its non-limiting sense to mean
that items following the word are included, but items not specifically mentioned are not

excluded. A rcference to an element by the indefinite article "a" does not exclude the possibility
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that more than one of the element 1s present, unless the context clearly requires that there be one

and only one of the elements.

The following claims are to understood to include what is specifically illustrated and
5  described above, what is con.oeptuallj equivalent, and what can be obviousiy substituted. Those
skilled 1n the art will appreciate that various adaptations and modifications of the described -
embodiments can be configured without departing from the scope of the claims. The illustrated
embodiments have been set forth only as examples and shoulcl not be taken as limiting the
mvention. It is to be understood that, within the scope of the following claims, the invention
10  may be practiced other than as specifically illustrated and described. |

-13 -
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We claim:

1. A method for distributing imjection fluid in a horizontal well bore in fluid
communication with hydrocarbon bearing formation, comprising:

determining flow resistance characteristics of the formation along at least a
portion of the length of the horizontal well bore;

inserting an jection tubing string having a sidewall defining a tubing bore into
the horizontal well bore, an annulus being defined between the horizontal well bore and
the tubing string, the tubing string being provided with ports having a selected
distribution and geometry communicating fluid between the tubing bore and the annulus;
and

controlling the annulus geometry selectively along the length of the tubing string
through at least one of axial distribution of eccentricity and flow area of the annulus, so
as to provide selected flow restriction characteristics along the annulus, such that when
injection fluid is pumped into the tubing, a resulting flow resistance network is formed by
the tubing bore, the ports, the annulus and the formation, resulting in a desired
distribution of the fluid into the formation, the annulus geometry being selected on one of
the following bases:

to improve the uniformity of flow distribution in the presence of an axially
distributed non-uniform flow resistance in the formation along the horizontal well bore;

to promote a uniform pressure in the annulus m the presence of an axially
distributed non-uniform flow resistance in the formation along the horizontal well bore;
or

to target selected formation zones in the presence of an axially distributed non-

uniform flow resistance in the formation along the horizontal well bore.

2. The method of Claim 1, wherein the well bore has a liner allowing fluid

communication with the formation over at least one interval.

3. The method of Claim 1, wherein the flow restriction characteristics of the ports

are non-linear.
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4. The method of Claim 3, wherein the port geometry is selected to provide flow
restriction characteristics having a positive second derivative of pressure loss with respect

to flow rate over a range of sub-critical flow rates.

. The method of Claim 1, wherein the port geometry 1s a slot.

6. The method of Claim 2, wherein centralizers are attached to the tubing string at

one or more locations to reduce direct impingement of injection fluid onto the liner.

7.  The method of Claim 1, wherein the annulus geometry is selectively controlled

through tubing diameter selection.

8. The method of Claim 1, wherein the annulus geometry 1s selectively controlled
through the use of tubular fixturing to increase the axial annular flow resistance at

selected locations along the length of the tubing string.

9. The method of Claim 8, wherein the annulus geometry is selectively controlled

through the use of inflatable packers attached to the tubing string.

10.  The method of Claim 8, wherein the annulus geometry is selectively controlled
through addition of sleeves to the tubing string which act to selectively increase the axial

annular flow restriction.

11.  The method of Claim 8, wherein the tubing string has corrugated tubular intervals,
the annulus geometry being selectively controlled by expanding or contracting radially

the corrugated tubular intervals upon the application of an axial load.

12. The method of Claim 1, wherein the annulus geometry is selectively controlled by

varying the well bore geometry.
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13. The method of Claim 1, wherein the tubing string has a capped end.

14. The method of Claim 1, wherein the flow restriction characteristics of the ports
are non-linear and the port geometry is selected to provide a flow restriction having a
positive second derivative of pressure loss with respect to flow rate over a range of sub-
critical flow rates, such that when injection fluid is pumped into the tubing, a preferential
flow from the ports is maintained over a range of pressures and pressurized fluid is

injected within the range of sub-critical flow rates.

15. A method for distributing injection fluid in a horizontal well bore in fluid
communication with hydrocarbon bearing formation, comprising:

determining ﬂoW resistance characteristics of the formation along at least a
portion of the length of the horizontal well bore;

inserting an injection tubing string having a sidewall defining a tubing bore into
the horizontal well bore, an annulus being defined between the horizontal well bore and
the tubing string, the tubing string being provided with ports having a selected
distribution and geometry communicating fluid between the tubing bore and the annulus;
and

controlling the annulus geometry selectively along the length of the tubing string
through the use of tubular fixturing to provide selected flow restriction characteristics
along the annulus, such that when injection fluid is pumped into the tubing, a resulting
flow resistance network is formed by the tubing bore, the ports, the annulus and the
formation, resulting in a desired distribution of the fluid into the formation, the annulus
geometry being selected to improve the uniformity of flow distribution in the presence of
an axially distributed non-uniform flow resistance in the formation along the horizontal

well bore.

16. A method for distributing injection fluid in a horizontal well bore in fluid
communication with hydrocarbon bearing formation, comprising:
determining flow resistance characteristics of the formation along at least a

portion of the length of the horizontal well bore;
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Inserting an injection tubing string having a sidewall defining a tubing bore into
the horizontal well bore, an annulus being defined between the horizontal well bore and
the tubing string, the tubing string being provided with ports having a selected
distribution and geometry communicating fluid between the tubing bore and the annulus;
and

controlling the annulus geometry selectively along the length of the tubing string
through the use of tubular fixturing to provide selected flow restriction characteristics
along the annulus, such that when injection fluid is pumped into the tubing, a resulting
tlow resistance network is formed by the tubing bore, the ports, the annulus and the
formation, resulting in a desired distribution of the fluid into the formation, the annulus
geometry being selected to promote a uniform pressure in the annulus in the presence of
an axially distributed non-uniform flow resistance in the formation along the horizontal

well bore.

17. A method for distributing injection fluid in a horizontal well bore in fluid
communication with hydrocarbon bearing formation, comprising:

determining flow resistance characteristics of the formation along at least a
portion of the length of the horizontal well bore;

inserting an injection tubing string having a sidewall defining a tubing bore into
the horizontal well bore, an annulus being defined between the horizontal well bore and
the tubing string, the tubing string being provided with ports having a selected

distribution and geometry communicating fluid between the tubing bore and the annulus;

and _

controllfng the annulus geometry selectively along the length of the tubing string
through the use of tubular fixturing to provide selected flow restriction characteristics
along the annulus, such that when injection fluid is pumped into the tubing; a resulting
flow resistance network is formed by the tubing bore, the ports, the annulus and the
formation, reSulting in a desired distribution of the fluid into the formation, the annulus
geometry being selected to target selected formation zones in the presence of an axially

distributed non-uniform flow resistance in the formation along the horizontal well bore.
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