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(57) Abstract: A wellbore (1) surrounded by a formation has a horizontal section provided with a non-cemented perforated liner (3),
thereby forming an annular space (4) between the liner and the formation. The annular space is divided into zones (zone 1, zone 2,
zone 3) isolated from each other by means of respective external packers (6, 7, 8) arranged externally on the liner. Selective access to
the zones is provided by means of an internal pipe (9) arranged inside the liner and provided with internal packers (10, 11, 12) cor -
responding to the respective external packers. For each of the zones, the internal pipe is provided with a valve (14, 15, 16) providing
access between the inside of the internal pipe and the corresponding zone. Stimulation of the near-wellbore is performed by pumping
acid or the like reactive tluid through the internal pipe into the wellbore and is performed simultaneously in adjacent zones of the an -

nular space.
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Method for stimulation of the near-wellbore reservoir of a wellbore

The present invention relates to a method for stimulation of the near-wellbore
reservoir of a wellbore surrounded by a formation in a subterranean hydro-
carbon reservoir, the wellbore having a horizontal section including a heel
section and a toe section, the horizontal section being provided with a non-
cemented perforated liner being perforated by means of holes possibly pro-
vided with valves, thereby forming an at least substantially annular space
between the non-cemented perforated liner and the formation, the liner hav-
ing a perforation pattern being optimized for stimulation of the near-wellbore
so that the total hole area per unit length of the liner varies over the length of
the liner from the heel to the toe, the at least substantially annular space be-
tween the non-cemented perforated liner and the formation being divided into
at least two zones isolated from each other by means of one or more external
packers arranged externally on the non-cemented perforated liner, whereby
selective access to the at least two zones is provided by means of an internal
pipe arranged inside the non-cemented perforated liner and provided with
one or more internal packers corresponding to the one or more external
packers and sealing an at least substantially annular space between the in-
ternal pipe and the non-cemented perforated liner, whereby, for each of the
zones, the internal pipe is provided with a valve providing access between
the inside of the internal pipe and the corresponding zone, and whereby
stimulation of the near-wellbore is performed by pumping acid or the like re-
active fluid through the internal pipe into the wellbore.

EP 1 184 537 B1 (Maersk Olie og Gas A/S) discloses a method of stimulating
a wellbore, wherein acid or the like reactive fluid is supplied for decomposing
material in the near wellbore formation by use of a liner arranged within the
wellbore while forming a space between the liner and the formation of the
wellbore, said supplied liquid being discharged to said space through holes
formed in the wall of the liner in the longitudinal expanse of the liner for influ-
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encing the formation of the wellbore. Such a liner may subsequently to acid
stimulation be used for water, gas or steam injection or for oil, gas or water
production. This type of liner is a so-called Controlled Acid Jet (CAJ) liner.
The CAJ liner concept and functionality is further described in SPE 78318
and SPE 110135.

The CAJ liner will typically have a perforation pattern being optimized for acid
stimulation of the near-wellbore so that the total hole area per unit length of
the liner varies over the length of the liner from the heel (the inner part of the
wellbore) to the toe (the outer part of the wellbore). When used for single-
operation stimulation of long horizontal reservoir sections, typically, the total
hole area per unit length of the liner increases over the length of the liner
from the heel to the toe. This perforation pattern will in particular be adapted
to counteract the rather large friction pressure loss over the length of the
wellbore during acid stimulation so that the formation is treated more or less
equally independently of the position along the wellbore.

The advantages of the CAJ liner are low installation costs, fast installation,
rig-less stimulation, safer perforation (no guns), increased productivi-
ty/injectivity, easy re-stimulation etc. The main disadvantage of the CAJ liner
in its original form is the lack of zonal isolation/zonal control required to han-

dle fractures or high permeability contrasts along the reservoir section.

Recent attempts aiming at developing zonal completions based on the CAJ
liner principle are described in EP 2 446 107 B1 (MAERSK OLIE OG GAS
A/S), SPE 166209 (CoP) and SPE 166391 (Welltec). This would combine the
superior productivity and lower installation cost of the CAJ liner with the res-
ervoir management options of the less productive and more expensive con-
ventional cemented and perforated liners without zonal control. These new

concepts are based on open hole external casing packers for zonal isolation
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combined with packers run on an inner pipe with sliding sleeves or valves for

selective zone access.

Various methods have been developed to allow sequential stimulation and
selective zonal control for these multiple CAJ liner completed wells. Most re-
cent methods rely on surface controlled sliding sleeves or valves activated by

tools deployed on coiled tubing or wireline deployed tractors.

A common problem observed and reported in the literature is the formation of
zonal communication between the zones behind the packers due to worm-
holes formed in the formation. Once formed, these connections are very diffi-
cult and expensive to repair and most likely will be left unrepaired causing

loss of reservoir management options initially planned for.

Additional attempts to maintain packer integrity/functionality during and after
the stimulation jobs include leaving some 200 to 400 ft tubing on both sides
of the packer blank (non-perforated) in order to prevent the acid from forming
wormholes near the packer. However, success of this method would depend
on the condition of the mud (must be stimulated immediately after installation,
while the mud cake is still efficient), the type of the mud (acid insoluble or
acid soluble) and time required for swell packers to gain full pressure integrity
(depending on reservoir fluids and nature of elastomers this is very uncertain
and may take from days to months). An additional effort includes reduction of
the average acid coverage pumped but this solution will reduce the length of
the wormholes and limit the stimulation of the distant part of the well in-

complete, hence providing a less efficient stimulation job.

Despite the many efforts to maintain zonal integrity past the stimulation job,
none has so far proved a high probability of success despite the increased
cost, increased time, reduced productivity, and reduced recovery fraction as-

sociated with the attempts.
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SPE 166391 reports the observation that contact between adjacent non-
cemented zones (corresponding to CAJ liner zones, but not referred to as
such) most often occurs to a zone, which has previously been stimulated,
hence the first stimulation would not generate a direct communication. In the
paper this observation is attributed to the length of the wormholes generated
during the stimulation job and that wormholes initiated from either side of the
packer connects in the reservoir. Possible mitigation could be longer packers,
dual packers with larger spacing, decreased acid coverage, and/or blank
(non-perforated) pipe sections just above and below the sealing part of the

packer element.

The object of the present invention is to provide a method for stimulation of
the near-wellbore reservoir of a wellbore as mentioned in the introduction,
whereby zonal integrity during stimulation of the near-wellbore is substantially
maintained during and after the stimulation procedure.

In view of this object, stimulation of the near-wellbore is performed simulta-
neously in all or at least two adjacent zones of the at least substantially annu-
lar space between the non-cemented perforated liner and the formation.

Thereby, the pressure profiles along the length of the wellbore may develop
to create a no-flow boundary at the packer between the adjacent zones
hence forcing the wormholes to grow radially away from the wellbore. Since
the pressure profile develops much faster than the wormholes created by the
reactive transport of the hydrochloric acid or the like reactive fluid it may be
possible to establish the optimum streamlines before the wormholes connect
to the neighbouring zone.

In an embodiment, pressure differences occurring during stimulation of the
near-wellbore between adjacent zones of the at least substantially annular
space between the non-cemented perforated liner and the formation are at



WO 2015/177199 PCT/EP2015/061090

10

15

20

25

30

least substantially reduced by designing the perforation scheme of the non-
cemented perforated liner, in particular the variation of the hole area per unit
length, over the length of the liner, in accordance with information on zonal
reservoir pressure and preferably in accordance with completion details of
the wellbore. Thereby, the probability of maintaining zonal integrity during

stimulation of the near-wellbore may be increased.

In an embodiment, pressure differences occurring during stimulation of the
near-wellbore between adjacent zones of the at least substantially annular
space between the non-cemented perforated liner and the formation are at
least substantially reduced by accordingly controlling the pumping rates of
acid or the like reactive fluid and possibly the pumping rates of water through
the internal pipe into the wellbore. Thereby, a no-flow boundary may be cre-
ated in the reservoir between the zones hence favouring radial growth of the
wormholes and consequently even further improving zonal integrity during

stimulation of the near-wellbore.

In an embodiment, stimulation is initiated at least substantially simultaneously
in all zones of the at least substantially annular space between the non-
cemented perforated liner and the formation, preferably by opening the re-
spective valves of the internal pipe at least substantially simultaneously.
Thereby, it may be avoided that a previously stimulated neighbouring zone
causes the at least substantially annular space to act as an efficient conduit
making the pressure gradient between the neighbouring zones even larger
so that wormholes are more likely to grow to connect the two zones.

In an embodiment, initially, before performing stimulation of the near-wellbore
simultaneously in adjacent zones of the at least substantially annular space
between the non-cemented perforated liner and the formation, acid or the like
reactive fluid is pumped into only one zone at a time, by opening the valve of
the internal pipe corresponding to said one zone and closing the valves cor-
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responding to the remaining zones, until mud is at least substantially dis-
placed from the entire internal pipe. Thereby, the subsequent stimulation may
be improved in that the acid may better reach all zones at the designed rate
and volume, and, during stimulation, pressure differences between adjacent
zones of the at least substantially annular space between the non-cemented

perforated liner and the formation may be at least substantially reduced.

In an embodiment, before performing stimulation of the near-wellbore simul-
taneously in adjacent zones of the at least substantially annular space be-
tween the non-cemented perforated liner and the formation, acid or the like
reactive fluid is firstly pumped into only the innermost one zone nearest the
heel section and secondly pumped into only the outermost one zone nearest
the toe section. In this way, mud may in an efficient way be displaced from
the entire internal pipe. Firstly, the mud may be displaced from the wellbore
section before the heel, and secondly, mud may be displaced from the well-
bore section between the heel and the toe. Similarly, acid or the like reactive
fluid may be pumped stepwise into a sequence of zones starting in a zone

near the heel and ending in a zone near the toe.

In an embodiment, said initial pumping of acid or the like reactive fluid into
only said one zone at a time is performed at an initial pump rate that is at
least substantially lower than, preferably lower than 1/2 of, more preferred
lower than 1/4 of, and most preferred lower than 1/6 of, the average pump
rate during the subsequent stimulation. Thereby, it may be avoided that an
actual acid stimulation with substantial formation of wormholes or induced
fracture(s) is taking place in said one zone during said initial pumping of acid.
Thereby, it may be avoided that wormholes or fracture(s) may grow to con-
nect the outermost zone with its neighbouring zone when the neighbouring

zone is subsequently stimulated.
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In an embodiment, stimulation at said average pump rate is initiated at least
substantially simultaneously in all zones of the at least substantially annular
space between the non-cemented perforated liner and the formation, prefer-
ably by opening the respective valves of the internal pipe at least substantial-
ly simultaneously, after said initial pumping of acid or the like reactive fluid at
said initial pump rate into said one zone at a time. Thereby, it may to a large
extent be avoided that a previously stimulated neighbouring zone causes the
at least substantially annular space to act as an efficient conduit making the
pressure gradient between the neighbouring zones even larger so that

wormholes may grow to connect the two zones.

In an embodiment, a desired reservoir pressure profile along the length of the
wellbore is established before stimulation is initiated by pumping water or a
fluid of at least substantially reduced reactivity compared to the acid or reac-
tive fluid used during stimulation through the internal pipe into all zones of the
at least substantially annular space between the non-cemented perforated
liner and the formation. Thereby, it may, during stimulation, to an even larger
extent be avoided that a previously stimulated neighbouring zone causes the
at least substantially annular space to act as an efficient conduit making the
pressure gradient between the neighbouring zones even larger so that
wormholes may preferentially grow to connect the two neighbouring zones.
This may be obtained because pressure differences between adjacent zones
of the at least substantially annular space between the non-cemented perfo-
rated liner and the formation may to a large extent be reduced even before
any acid or the like reactive fluid enters the zones.

In an embodiment, the non-cemented perforated liner includes a non-
perforated section at either side of each external packer. Thereby, the vol-
ume of reactive fluid being injected into the formation very near to the packer
may be limited, thereby further maintaining the zonal integrity during stimula-

tion.
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In an embodiment, the concentration of the acid or the like reactive fluid
and/or the pump rate is changed during stimulation. Thereby, the pressure
profile and direction of wormhole growth around the packer may be further
controlled.

The invention will now be explained in more detail below by means of exam-

ples of embodiments with reference to the very schematic drawing, in which

Figs. 1a, 1b and 1c show axial sections through a wellbore illustrating prior

art single-operation stimulation by means of a CAJ liner;

Fig. 2 shows an axial section through a wellbore illustrating prior art stimula-
tion of wellbores completed with a single CAJ liner zone;

Fig. 3a is an axial section through a wellbore illustrating wormhole formation
during prior art stimulation of wellbores completed with multiple CAJ liner

Z0nes;

Fig. 3b is an axial section through a wellbore illustrating wormhole formation
during stimulation according to the invention of wellbores completed with the
shown system including an internal pipe, packers and multiple CAJ liner

zones, whereby a no-flow boundary is created between the zones; and

Figs. 4a and 4b are axial sections through a wellbore corresponding to Fig.
3b, illustrating two specific examples of pressure distribution during stimula-

tion of a wellbore according to the invention.

Effective development of low-permeability carbonate reservoirs requires effi-
cient well stimulation, and obtaining a predefined (often uniform) acid stimula-
tion along an entire 10,000 — 20,000 ft reservoir section of a horizontal well is

a challenge.
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The Controlled Acid Jet (CAJ) liner described above, provides a technology
for single-operation stimulation of an ultra-long horizontal reservoir section.
The CAJ technique has, in several ways, set new standards for the comple-
tion and stimulation of long horizontal wells; its most significant achievement
being the remarkably effective acid coverage and achieved stimulation effi-
ciency resulting from stimulation of long reservoir sections in a single opera-

tion.

Successful implementation of the CAJ technique requires numerical model-
ling of the dynamics of the entire stimulation process to ensure the best pos-
sible distribution of the acid, effective control of the wormhole growth rate in
multiple sections of the well, displacement of mud along the entire reservoir
section, handling formation pressure gradients along the reservoir section,

and many other complicating factors.

The main idea behind the known CAJ liner is illustrated in Figs. 1a to 1c. The
open annulus (an at least substantially annular space between the non-
cemented perforated liner and the formation) and the small number of opti-
mized perforations provide the conditions required to circulate the mud in the
liner and obtain the required effective acid distribution along the well. The
flow distribution along the CAJ liner is outlined in Figs. 1a to 1c. Initially, both
the liner and liner well bore annulus are filled with mud, as illustrated in Fig.
1a. Also, a high resistance to flow exists at the well bore face (mud cake).
When the first acid hits the formation on the top of the liner, the mud cake
and formation will break down and considerable volumes start leaking off to
the formation. Hence, as soon as an effective connection to the reservoir has
been established, the stimulation pressure will fall, assuming constant stimu-
lation rates. At this stage of the stimulation job, the fluid leak-off into the top
of the reservoir section is a mixture of acid jetting out of the predrilled liner
holes in the top section of the CAJ liner and fluids flowing from the more dis-
tant part of the liner annulus in the direction of the heel. As the acid front



WO 2015/177199 PCT/EP2015/061090

10

15

20

25

30

10

moves along the liner, a break down zone is created, where acid mixes with

the mud and breaks down the mud and the mud cake.

The CAJ liner may be provided with its perforation pattern by drilling the
holes in the liner at surface. Furthermore, the holes may be provided with
valves, such as for instance one way valves or any other suitable valve
adapted for control of the fluid communication between the inside and the

outside of the liner.

Eventually, when all mud is broken down and residual displaced into the for-
mation, the annulus will be fully filled with acid, as illustrated in Fig. 1c. There
will continue to be a net flow towards the sections with the lowest skin in the
well, and the acid flowing towards these sections will wash the well bore face.
Fresh acid will continue to be jetted at the predetermined distribution points
along the CAJ liner, ensuring effective stimulation along the full liner length

by acid flow in the annulus.

The concept and the flow paths of the prior art original single zone CAJ liner

are further illustrated in Fig. 2.

However, according to the prior art methods, stimulation in multi-CAJ liner
completed zones is performed separately in one zone after another. The re-
sult of this procedure is illustrated in Fig. 3a, wherein zone 2 is being stimu-
lated individually. Especially in the case that one of the neighbouring zones 1
or 3 has previously been stimulated, the open annulus (the at least substan-
tially annular space between the non-cemented perforated liner and the for-
mation) will act as a very efficient conduit most likely making the pressure
gradient between the two adjacent zones even larger. Hence the wormholes
will preferably grow to connect the two zones as illustrated by the oblique

arrows A at the external packers in Fig. 3a.
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According to the present invention, on the contrary, the adjacent CAJ liner

zones are stimulated simultaneously, as illustrated in Fig. 3Db.

Fig. 3b illustrates a method for stimulation of a wellbore 1 surrounded by a
formation 2 in a subterranean hydrocarbon reservoir, the wellbore having a
horizontal section including a heel section and a toe section. The heel section
and the toe section are not illustrated in the figure, but it is understood that
the toe section is to the right of the figure and the heel section is to the left in
the figure. The horizontal section is provided with a system including a non-
cemented perforated liner 3, thereby forming an at least substantially annular
space 4 between the non-cemented perforated liner 3 and the formation 2.
The liner 3 has a perforation pattern composed by holes 5 and being opti-
mized for stimulation of the near-wellbore 1 so that the total hole area (total
area of the perforations) per unit length of the liner 3 varies over the length of
the liner from the heel to the toe. In one embodiment of a system as de-
scribed herein for practising the present method the zones 1, 2, 3 may have
a length, such as about the same length, in the order of 500ft — 10,000 ft. In
one possible embodiment of a system for practising the present method, ex-
plained for simplicity with reference to adjacent zones 1 and 2 shown in fig.
3b, the total hole area per unit length for the part of the liner 3 in zone 2 in-
creases from a minimum value at packer 7 to a maximum value at next
packer 6 further downhole; the perforation pattern for the part of the liner 3 in
zone 1 (which is closer to the toe section) may be selected such that the val-
ue of total hole area per unit length thereof at packer 6 is in the same order of
magnitude as the aforementioned minimum value within zone 2, such as by
way of example within a range of +/- 10%, or such as by way of example
within the range of +/- 25%, depending on the well configuration, such as
less than, preferably substantially less than, the aforementioned maximum
value within zone 2. In other words, generally for such an embodiment the
perforation pattern along the length of the liner 3 will repeat itself to some
degree, with some adjustment due to the friction pressure drop between the
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zones, for all zones or at least for two adjacent zones 1, 2. Preferably, for
such an embodiment of such a system the valves 14, 15, 16 of an internal
pipe 9 to be discussed below are all located at the top of the respective
zones 1, 2, 3 (seen from the heel section), leading to the advantage that the
length of control wiring may be limited to the extent possible. For an alterna-
tive embodiment of a system for practising the method where valve 15 of
zone 2 would be located at packer 6 (with valve 14 of adjacent zone 1 still
being located at same packer 6 as shown in fig. 3b) the perforation pattern
may be such that the total hole area per unit length for zone 1 as well as
zone 2 increases from a respective minimum value at packer 6 being of the
same order of magnitude, by way of example within a variation of +/- 10%, or
such as by way of example within the range of +/- 25%, again depending on
the well configuration, to a maximum value at the opposite end of the respec-
tive zone, i.e. with the hole area per unit length increasing away from the
common packer 6, along the length of the liner 3. For yet another embodi-
ment the valves 14, 15, 16 may be placed halfway along the length of the
respective zones 1, 2, 3 which may allow for a symmetric perforation pattern
minimising the difference between minimum and maximum hole area per unit
length in the zone(s). The said “unit length” may preferably be “feet”. De-
pending on the friction pressure drop there may be a significant difference in
the hole area per unit length, such as up to an order of magnitude difference

in hole area per unit length between the top and the bottom of a given zone.

The at least substantially annular space 4 formed between the non-cemented
perforated liner 3 and the formation 2 is divided into a number of zones of
which zones 1, 2, 3 are illustrated. The number of zones may vary from two
zones up to 10, 20 or even more than 50. The zones 1, 2, 3 are isolated from
each other by means of respective external packers 6, 7, 8 arranged exter-
nally on the non-cemented perforated liner 3.
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Selective access to the zones 1, 2, 3 is provided by means of an internal pipe
9 arranged inside the non-cemented perforated liner 3 and provided with in-
ternal packers 10, 11, 12 corresponding to the respective external packers 6,
7, 8 and sealing an at least substantially annular space 13 between the inter-
nal pipe 9 and the non-cemented perforated liner 3. The internal pipe 9 has
inlet 18 indicated to the left in Fig. 3b at the heel section and has a closed
end 19 at the right in the figure at the toe section. However, the non-
cemented perforated liner 3 does not necessarily extend from the heel sec-
tion to the toe section. For each of the zones 1, 2, 3, the internal pipe 9 is
provided with a valve 14, 15, 16 providing access between the inside of the
internal pipe 9 and the corresponding zone 1, 2, 3. Stimulation of the near-
wellbore 1 is performed by pumping acid or the like reactive fluid through the
internal pipe 9 into the wellbore 1.

According to the invention, the stimulation of the near-wellbore 1 is per-
formed simultaneously in adjacent zones 1, 2, 3 of the at least substantially
annular space 4 between the non-cemented perforated liner 3 and the for-
mation 2. This is possible due to the extreme length coverage obtainable with
the CAJ liner technique. Referring to Fig. 3b, by simultaneously pumping into
adjacent zones 1, 2, 3, the pressure profiles may develop to create a no-flow
boundary NFB between the zones 1, 2, 3 hence forcing the wormholes to
grow radially away from the wellbore, as indicated by the arrows 17. Since
the pressure profile develops much faster than the wormholes created by the
reactive transport of the hydrochloric acid it may be possible to establish the
optimum streamlines before the wormholes connect to the neighbouring zone
1,2, 3.

During stimulation of the near-wellbore 1, pressure differences between ad-
jacent zones 1, 2, 3 of the at least substantially annular space 4 between the
non-cemented perforated liner 3 and the formation 2 may be at least sub-
stantially reduced by designing the perforation scheme of the non-cemented
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perforated liner 3 in accordance with information on zonal reservoir pressure

and preferably in accordance with completion details of the wellbore 1.

Furthermore, during stimulation of the near-wellbore reservoir of the wellbore
1, pressure differences between adjacent zones 1, 2, 3 of the at least sub-
stantially annular space 4 may be at least substantially reduced by accord-
ingly controlling the pumping rates of acid or the like reactive fluid and possi-
bly water through the internal pipe 9 into the wellbore 1.

Stimulation may be initiated at least substantially simultaneously in all zones
1, 2, 3 of the at least substantially annular space 4 by opening the respective
valves 14 ,15, 16 of the internal pipe 9 at least substantially simultaneously.
By initiating stimulation more or less simultaneously in all zones 1, 2, 3, it
may even better be ensured that a no-flow boundary is created between the
adjacent zones, hence forcing the wormholes to grow radially away from the

wellbore.

Initially, before performing stimulation of the near-wellbore 1 simultaneously
in adjacent zones 1, 2, 3 of the at least substantially annular space 4, acid or
the like reactive fluid may be pumped into only the outermost zone 1 nearest
the toe section, by opening the valve 14 of the internal pipe 9 corresponding
to said zone 1 and closing the valves 15 ,16 corresponding to the remaining
zones 2, 3, until mud is at least substantially displaced from the entire inter-

nal pipe 9.

Said initial pumping of acid or the like reactive fluid into only the outermost
zone 1 nearest the toe section may be performed at a pump rate that is at
least substantially lower than, preferably lower than 1/2 of, more preferred
lower than 1/4 of, and most preferred lower than 1/6 of, the lowest pump rate

during the subsequent stimulation.
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In the case that acid or the like reactive fluid initially is pumped into only the
outermost zone 1, stimulation may be initiated at least substantially simulta-
neously in all zones 1, 2, 3 of the at least substantially annular space 4, ex-
cept for the outermost zone 1 nearest the toe section, by opening the respec-
tive valves 15, 16 in the other zones 2, 3 of the internal pipe 9 at least sub-

stantially simultaneously.

A desired reservoir pressure profile along the length of the wellbore 1 may be
established, before stimulation is initiated, by pumping water through the in-
ternal pipe 9 into all zones 1, 2, 3 of the at least substantially annular space 4
between the non-cemented perforated liner and the formation.

Figs. 4a illustrates an embodiment of the method according to the invention,
whereby, during stimulation of the near-wellbore 1, the pressure in different
zones 1, 2, 3 of the at least substantially annular space 4 is controlled so that
it increases from the toe section to the heel section. In this specific example,
the pressure in zone 1 of the at least substantially annular space 4 is 1800
psia, the pressure in zone 2 is 2000 psia and the pressure in zone 3 is 2200
psia.

Although, according to the invention, it is generally aimed at reducing pres-
sure differences between adjacent zones of the at least substantially annular
space 4, specific conditions of the actual hydrocarbon reservoir may result in
that a certain preferred pressure distribution over the different zones 1, 2, 3
may further improve zonal integrity during stimulation of the near-wellbore.
The pressure differences between neighbouring zones should however be
limited, and, generally according to the invention, preferably the absolute
pressure in each zone does not differ more than 20%, more preferred less
than 15%, and most preferred less than 10% from an average value.
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Said certain preferred pressure distribution over the different zones 1, 2, 3
may be accomplished by designing the perforation scheme of the non-
cemented perforated liner in accordance with information on zonal reservoir
pressure and preferably in accordance with completion details of the well-
bore. Furthermore, said certain preferred pressure distribution may be
adapted by accordingly controlling the pumping rates of acid or the like reac-
tive fluid and possibly water through the internal pipe 9 into the wellbore.
Thereby, a no-flow boundary may be created in the reservoir between the
zones 1, 2, 3 hence favouring strictly radial growth of the wormholes and
consequently improving zonal integrity during stimulation of the near-

wellbore.

Figs. 4b illustrates an embodiment of the method according to the invention,
whereby, during stimulation of the near-wellbore 1, the pressure in different
zones 1, 2, 3 of the at least substantially annular space 4 is controlled so that
it decreases from the toe section to the heel section. In this specific example,
the pressure in zone 1 of the at least substantially annular space 4 is 2200
psia, the pressure in zone 2 is 2000 psia and the pressure in zone 3 is 1800

psia.

Many other specific embodiments than those illustrated are possible. For in-
stance, a certain preferred pressure distribution over the different zones 1, 2,
3 may be so that the pressure is slightly higher in the zones midway between
the heel and the toe and so that the pressure is slightly lower in the zones at
the heel and toe, respectively. The opposite is also possible, so that a certain
preferred pressure distribution over the different zones 1, 2, 3 may be so that
the pressure is slightly lower in the zones midway between the heel and the
toe and so that the pressure is slightly higher in the zones at the heel and
toe, respectively. In a further embodiment, the pressure may go slightly up

and down several times along the length of the wellbore.
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The non-cemented perforated liner may include a non-perforated section at
one or both sides of each external packer in order to limit the volume of reac-
tive fluid being injected into the formation very near to the packer, thereby

further maintaining the zonal integrity during stimulation.

The acid concentration of the acid or the like reactive fluid versus the pump
rate may be changed during stimulation. Thereby, the pressure profile and
direction of wormhole growth around the packer may be further controlled.

It should be mentioned that in the context of this application, zonal integrity is
intended to designate the isolation between each zone of the at least sub-
stantially annular space to prevent or at least limit the flow between the
zones during injection or production. For some applications (high permeabil-
ity reservoirs) packers may only be needed to hold a differential pressure of
about 50 psia and still be effective, but for low permeability reservoirs with
water injection, the packers may ideally be able to hold some 500 to 2500
psia. The latter may even not be possible and less may be sufficient. Via the
reservoir there may always be some limited communication between the
zones and eventually some fluid may flow from one zone to the other behind
the packers, but this should preferably only be small volumes.
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Claims

1. A method for stimulation of the near-wellbore reservoir of a wellbore (1)
surrounded by a formation (2) in a subterranean hydrocarbon reservoir, the
wellbore (1) having a horizontal section including a heel section and a toe
section, the horizontal section being provided with a non-cemented perforat-
ed liner (3) being perforated by means of holes possibly provided with valves,
thereby forming an at least substantially annular space (4) between the non-
cemented perforated liner (3) and the formation (2), the liner (3) having a per-
foration pattern being optimized for stimulation of the near-wellbore (1) so
that the total hole area per unit length of the liner (3) varies over the length of
the liner from the heel to the toe, the at least substantially annular space (4)
between the non-cemented perforated liner (3) and the formation (2) being
divided into at least two zones (zone 1, zone 2, zone 3) isolated from each
other by means of one or more external packers (6, 7, 8) arranged externally
on the non-cemented perforated liner (3), whereby selective access to the at
least two zones (zone 1, zone 2, zone 3) is provided by means of an internal
pipe (9) arranged inside the non-cemented perforated liner (3) and provided
with one or more internal packers (10, 11, 12) corresponding to the one or
more external packers (6, 7, 8) and sealing an at least substantially annular
space (4) between the internal pipe (9) and the non-cemented perforated
liner (3), whereby, for each of the zones (zone 1, zone 2, zone 3), the internal
pipe (9) is provided with a valve (14, 15, 16) providing access between the
inside of the internal pipe (9) and the corresponding zone (zone 1, zone 2,
zone 3), and whereby stimulation of the near-wellbore (1) is performed by
pumping acid or the like reactive fluid through the internal pipe (9) into the
wellbore (1), characterised by that stimulation of the near-wellbore (1) is
performed simultaneously in at least two adjacent zones (zone 1, zone 2,
zone 3) of the at least substantially annular space (4) between the non-

cemented perforated liner (3) and the formation (2).
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2. A method according to claim 1, whereby pressure differences occurring
during stimulation of the near-wellbore (1) between adjacent zones (zone 1,
zone 2, zone 3) of the at least substantially annular space (4) between the
non-cemented perforated liner (3) and the formation (2) are at least substan-
tially reduced/compensated for by designing the perforation scheme of the
non-cemented perforated liner (3) , in particular the variation of the hole area
per unit length, over the length of the liner, in accordance with information on
zonal reservoir pressure and preferably in accordance with completion details

of the wellbore (1).

3. A method according to claim 1 or 2, whereby pressure differences occur-
ring during stimulation of the near-wellbore (1) between adjacent zones (zone
1, zone 2, zone 3) of the at least substantially annular space (4) between the
non-cemented perforated liner (3) and the formation (4) are at least substan-
tially reduced by accordingly controlling the pumping rates of acid or the like
reactive fluid and possibly the pumping rates of water through the internal
pipe (9) into the wellbore (1).

4. A method according to any one of the preceding claims, whereby stimula-
tion is initiated at least substantially simultaneously in all zones (zone 1, zone
2, zone 3) of the at least substantially annular space (4) between the non-
cemented perforated liner (3) and the formation (2), preferably by opening
the respective valves (14, 15, 16) of the internal pipe (9) at least substantially

simultaneously.

5. A method according to any one of the claims 1 to 3, whereby, initially, be-
fore performing stimulation of the near-wellbore (1) simultaneously in adja-
cent zones (zone 1, zone 2, zone 3) of the at least substantially annular
space (4) between the non-cemented perforated liner (3) and the formation
(2), acid or the like reactive fluid is pumped into only one zone (zone 1, zone
2, zone 3) at a time, by opening the valve (14, 15, 16) of the internal pipe (9)
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corresponding to said one zone (zone 1, zone 2, zone 3) and closing the
valves (14, 15, 16) corresponding to the remaining zones (zone 1, zone 2,
zone 3), until mud is at least substantially displaced from the entire internal

pipe (9).

6. A method according to claim 5, whereby said initial pumping of acid or the
like reactive fluid into only said one zone (zone 1, zone 2, zone 3) at a time is
performed at an initial pump rate that is at least substantially lower than,
preferably lower than 1/2 of, more preferred lower than 1/4 of, and most pre-
ferred lower than 1/6 of, the average pump rate during the subsequent stimu-

lation.

7. A method according to claim 6, whereby stimulation at said average pump
rate is initiated at least substantially simultaneously in all zones (zone 1, zone
2, zone 3) of the at least substantially annular space (4) between the non-
cemented perforated liner (3) and the formation (2) preferably by opening the
respective valves (14, 15, 16) of the internal pipe (9) at least substantially
simultaneously, after said initial pumping of acid or the like reactive fluid at

said initial pump rate into said one zone (zone 1, zone 2, zone 3) at a time.

8. A method according to any one of the preceding claims, whereby a desired
reservoir pressure profile along the length of the wellbore (1) is established
before stimulation is initiated by pumping water or a fluid of at least substan-
tially reduced reactivity compared to the acid or reactive fluid used during
stimulation through the internal pipe (9) into all zones (zone 1, zone 2, zone
3) of the at least substantially annular space (4) between the non-cemented
perforated liner (3) and the formation (2).

9. A method according to any one of the preceding claims, whereby, during
stimulation of the near-wellbore (1), the pressure in different zones (zone 1,
zone 2, zone 3) of the at least substantially annular space (4) between the
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non-cemented perforated liner (3) and the formation (2) is controlled so that it

increases from the toe section to the heel section.

10. A method according to any one of the claims 1 to 8, whereby, during
stimulation of the near-wellbore (1), the pressure in different zones (zone 1,
zone 2, zone 3) of the at least substantially annular space (4) between the
non-cemented perforated liner (3) and the formation (2) is controlled so that it

decreases from the toe section to the heel section.

11. The method according to any of the preceding claims, wherein the total
hole area per unit length for the part of the liner (3) in a zone 2 delimited by
two packers (6, 7) increases from a minimum value at one of said two pack-
ers (7) to a maximum value at the next one (6) of said two packers (6, 7) fur-

ther downhole.

12. The method according to the preceding claim, wherein the perforation
pattern for the part of the liner (3) in an adjacent zone 1 which is closer to the
toe section is selected such that the value of total hole area per unit length
thereof at said next packer (6) delimiting said adjacent zone 1 i) is in the
same order of magnitude as said minimum value in said zone 2, such as
within a range of +/- 10% or +/-25% thereof, and/or ii) less than, preferably

substantially less than, said maximum value within said zone 2.

13. The method of claim 11 or 12, said perforation pattern substantially re-
peating itself along the length of said liner 3, for all zones or at least for two

adjacent zones.

14. The method of any of claims 11-13 wherein said valves (14, 15, 16) of
said internal pipe (9) are all located where said respective zones start, seen

from the heel section.
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15. The method of any of claims 11-14 wherein a valve (15) of said zone 2 is
located at said packer (6) with a valve (14) of an adjacent zone 1 also located
at said packer (6), said perforation pattern being such that the total hole area
per unit length for said zone 1 as well as said zone 2 increases from a re-

spective minimum value at said packer (6).

16.The method according to the preceding claim, said respective minimum
values being of the same order of magnitude, such as within a variation of +/-
10%,

17. The method of claim 15 or 16, said total hole area per unit length increas-
ing to a maximum value at the opposite end of the respective zone, i.e. with

the hole area per unit length increasing away from said packer (6).

18. The method of any of the preceding claims, said valves (14, 15, 16) being
placed halfway, or essentially halfway, along the length of the respective

Zones.
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