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TITLE: SELECTIVE STIMULATION WITH SELECTIVE WATER
REDUCTION
BACKGROUND
Field of the Invention

[0001] The present invention relates to a method of treating a subterranean formation. More
specifically, the invention is a method for selectively acidizing a primarily o1l producing zone in
a formation comprised of a primarily hydrocarbon producing zone and a primarily water

producing zone.

| Description of the Prior Art

[0002] Certain oil producing wells are formed or completed in formations which contain both oil
producing zones and water producing zones. Unless measures are taken to change or effect the
production rates from each of these zones, the particular reservoir characteristics (i.e., water cut
increase and trend, total liquid inflow rate increase and trend, oil and water cumulative ‘
production crbss-plots, and down-hole inflow profile surveys) will dictate the amount of water

and oil produced from the well.

[0003] Acidizing is an art that applies a reactive fluid, such as a matrix acidizing composition,
including solvents and additives, to contact and dissolve wellbore damages. Zone selectivity
may be achieved by using a mechanical method, such as coiled tubing with packers, or by using
a ﬂuqid or an additive which diverts the reactive fluid from zone to zone, as needed.
Conventionally, target treatment zones are isolated by mechanical methods and tools such as
bridge plugs, inflatable packers or temporary chemical blocking systems or the combinations of
thereof depending on wellbore completion and conditions. These methods, if applicable, provide

zonal isolation only at the wellbore.

CONFIRMATION COPY
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[0004] Alternatively, a water zone or layer may be shut-off by injecting a delayed gelling fluid
or a delayed precipitating fluid into that layer. To ensure proper and accurate zone selection, the
location and source of water must be identified and a mechanical or chemical zone isolation

method then applied.

[0005] The. use of viscoelastic surfactant gels have also been shown to divert the acid or the
reactive fluid to preferentially enter a specific zone or layer and may even avoid acidizing water
zones. Recently, viscoelastic surfactant gels has been developed not 6nly- for fracture stimulation
but also for acidizing. A good example is the use of a viscoelastic surfactant to formulate a
 proppant carrying fracturing fluid for hydraulic fracturing. The use of viscoelastic surfactant
gels or the like, either foamed or unfoamed provides more effective temporary isolation since

these fluids are capable of penetrating deep into the rock formation.

SUMMARY OF THE INVENTION

[0006] The present invention provides a method for treating a formation having multiple zones
or layers. Particularly, the: formation may have at least one zone which produces or contains
primarily oil and/or other hydrocarbons (“oil producing layers™) and at least one zone which
produces primarily water (“water producing layers”). It should be understood that the oil
producing layers may produce any type of hydrocarbon, including hydrocarbon gases The

method involves first preferentially isolatingz the water zones, thereby mihimizing or decreasing
6 the flow of water from these zones. Typically, the water zones are isolated with a water shut-off
(“WSO”) composition or gel. The WSO cdmpositions useful in the present invention are

typically formulated or prepared to preferentially target or treat the water producing zones of the

formation.

[0007] A second step in the present invention involves providing a viscoelastic surfactant
(“VES”) fluid into the formation. The viscoelastic fluid will penetrate both the oil producing
layers and the water producing layers; however, since VES fluids may be formulated to degrade

or “break” in the presence of hydrocarbons, the VES fluid may thicken in the water zones but
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will remain or become substantially less viscous in the oil producing layers. The thickened or
viscous VES fluid in the water producing layers aids in preventing or impeding additional

treatment fluids from entering or penetrating the water producing layers or interacting with the

WSO gel.

[0008] A third step in the method involves providing a reactive fluid, such as a matrix acidizing
composition, into the formation. The reactive fluid will preferentially penetrate or enter the oil
producing zones due to the lack of VES fluid or WSO gel present in those layers. Conversely,
the thickened VES fluid and the WSO gel in the water producing layers will substantially

prevent the reactive fluid from penetrating or interacting with the water producing layers.

[0009] Optionally, an additional step may be included in the method, following injection of the
WSO gel, but prior to the injection of the VES fluid. A water or brine spacer may be injected to
the formation. The spacer may aid in separating the WSO gel and the VES fluid, in the caée
where the two are not compatible or only partially compatible. In certain cases, the brine spacer

may also serve to further stabilize the WSO gel.

[0010] This method provides a mechanism for selectively decreasing water production and
increasing oil production from a formation. The WSO gel may aid in decreasing water
production from the water producing layers, while at the same time, preventing stimulation or
treatment of those layérs by the reactive fluid treatment. The reactive fluid treatment of the oil
producing layers will furthef étimulate oil prodliction from these layers, typically by dissolving
or otherwise removing formation damage. This may result in a significant and cost effective
shift in the relatively percentages of oil and water produced frofn a formation treated with this

method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows an oil and water producing formation following injection of a water shut-

off composition.
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[0012] Figure 2 shows the formation of Fig. 1 following injection of a brine solution.
[0013] Figure 3 shows the formation of Fig.2 following the injection of a VES fluid.

[0014] Figure 4 shows the formation of Fig. 3 following the injectidn of a reactive fluid.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] The method of the preseﬁt invention selectively increases the oil production from a water
and oil bearing formation and decreases the water production from the same formation. It should
be understood that oil producing zones may produce a certain amount of water or other fluid or
gas. Slmﬂarly, water producing zones may produce a certain amount of oil or other fluid or gas.
By prov1d1n g a WSO gel that preferentially penetrates the water producing layers of the
formation, in conjunction with a VES gel that is broken or degraded by contact with
hydrocarbons, the water producing layers may be effectively isolated and protected prior to

treatment of the formation with a reactive fluid, such as an acid.

[0016] Flgure 1 shows a subterranean formation 10 having a wellbore 12 there through. The
formation 10 comprises a plurality of layers or zones 14, 16. Partlcularly, the formation
comprises at least one oil producing zone 14 and at least one water producing zone 16. In
addition to the water and oil producing zones 14, 16 the formation may also include gas
producing zones, not shown. The wellbore 12 preferably extends mnto or through at least one oil

producing zone and one water producing zone.

[0017] The first step of the treatment method of the present invention involves providing or
pumping a water shut-off composition or gel 18 into the formation. The WSO composition 18

may be any suitable fluid or material capable of forming a thickened gel or gel-"like plug or
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barrier in a zone of the formation. In a preferred embodiment, 'the WSO composition
ﬂpreferentially or selectively enters or penetrates the water producing zones 16. Although it is
pfeferred that the WSO composition be placed prefentially in the water producing zones, it
should be understood that a certain portion of the composition may enter or be deposited into the
oil producing zones as well. The placement of the WSO gel is determined by a number of
- factors including the viscosfty of the gel itself, the pressure in each layer, the injectivity of each
layer and the injéctivity ratio between oil and water layers. The WSO composition may be either
organic or inorganic, but is preferably solids-free. Suitable WSO cdmpositions include, but are
not limited to: delayed inorganic precipitation systems, delayed organic precipitation systems,
‘monomer or polymer base delayed cross-linking systems, monomer or polymer base reservoir
rock absofption or coating systems, resin base delayed gelling systems, foamed gel systems and
thixbtropic gel systems. Where the formation 1s sandstone, an acid-based WSO composition is
preferred. More preferably, the WSO composition will be water-based, have a viscosity of about
less than about 10 cP at 100 s~ (i.e., substantially similar to that of water) and will be acid
soluble. Without limiting the foregoing, the following systems are particularly useful in the
present invention: polyacrylamide-based fluid in conjunction with an organic crosslinker;
polyacrylamide-based fluid in conjunction with chromium; aluminum hydroxychloride-based
fluid or rélative permeability modifiers, including polyacrylamide polymers, block polymers and

copolymers, and terpolymers.

[0018] In one embodiment of the invention, the WSO gel'may comprise, either inherently or as
an additive, a delay mechanism to maintain a reduced viscosity of the gel for a period of time.
Depending on the parameters of the formation treatment schedule, the delay mechanism may be

varied to prevent a substantial increase in the viscosity of the WSO gel prior to the placement of

the VES fluid.

[0019] Following injection of ‘the WSO composition 18 and as shown in Fig. 2, an optional
water or brine stage 20 may be pumped into the formation 10. This may be necessary, for

instance, where the WSO composition 18 and the VES fluid (not shown) are not compatible. In
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such a case, the water or brine 20 acts primarily as a spacer between the WSO gel and the VES
fluid. In certain circumstances, and depending on the specific WSO gel used, the brine or water
may also improve the stability of the WSO gel. Preferably, the salt content, if any, of the water

will be compatible with the VES fluid to prevent or delay a premature decrease in the V1SCOSIty

of the VES fluid. The water may be provided from any suitable source, including well water,
any surface water (lakes, ponds, rivers) or seawater. In a preferred embodiment, the spacer will
preferentially enter the water producing zones, due in part, to the adverse interaction between the

water and the hydrocarbon present in the oil producing layers.

[0020] As shown in Fig. 3, the second step of the treatment method is the injection of a VES
fluid 30 mto the formation 10. In a preferred embodiment, the VES flaid 30 is pumped into or
placed 1n the formation beifore the WSO gel 18 has significantly increased in viscosity. In this
- way, the VES fluid will more easily and efficiently penetfate or enter the water producing zones
16. As the VES fluid enters the water producing zones, the viscosity of the fluid will increase.

As the VES fluid enters the o1l producing zones, the viscosity of the fluid may decrease. Any

suitable VES fluid may be used in the present invention. For instance, useful VES fluid

composttions are described in United States Patent No. 5,979.557. Preferably, the VES
fluid 1s formulated such that exposure to hydrocarbon, such as that produced in the oil
producing layers, will “break™ or significantly reduce the viscosity of the VES fluid. More
preferably, the VES fluid is one of Schlumberger’s ClearFRAC™ or OQilSEEKER ™

viscoelastic fluids.

10021] As shown in Fi g. 4, the fourth step of the method is injection or placement of a reactive
or acidizing fluid 40 into the formation. The reactive fluid 40 is pumped nto the formation 10
and may preferentially enter or penetrate the oil producing layers 14. The WSO gel, which was

placed preferentially in the water producing zones 16, in conjunction with the viscosified VES

fluid 32, which remained in the water producing zones cause the reactive flaid to preferentially

" flow into or penetrate the oil producing zones. The “broken” VES fluid 34 in the oi] producing

zones 1s flowed back or removed or is otherwise not an impediment to penetration of the oil
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producing layers by the reactive fluid. The reactive fluid may then interact with or treat the oil
'préducin g zones. The reactive fluid is preferably provided to interacf with the o1l producing
zones to increase production from those zones. Any WSO gel and/or VES fluid remaining in the
oil producing layers may be removed by the reactive fluid. For instance, where the formation is
sandstone, the reactive fluid may dissolve the gel. If the formation is primarily carbonate, the
formation rock may be dissollx_ked by the reactive fluid and the g'el flowed back out of the oil
producing layer. Alternatively, the reactive fluid may dissolve or remove a certain portion of the
formati'on., in a preferred embodiment, the reactive fluid removes or reduces at least some

amount of formation damage.

[0022] The reactive fluid may be any suitable fluid, but is preferably a matrix acidizing
composition, such as an acid (HCl, HF or any suitable organic acid) and/or a chelant. The
reactive fluid may further contain any number of suitable additives. For example, corrosion

inhibitors, surfactants, solvents and iron control agents may be included in the reactive fluid.

[0023] While it is shown that the various fluids, gels and compositions of the present invention
are providéd or pumped into the formation through the ‘welllbore, 1t should be understood by
those skilled in the art that ahy suitable delivery mechanism may be employéd. For instance, the
treatment compositions may be supplied through casing or through the open hole. Alternatively,
the treatment compositions may be supplied via coiled tubing. In addition, 1t may be desirable to
isolate certain zones and/or layeré mechanically prior to treatment. This may be 'acc.;omplished
- using any suitable method. For instance, packers may be pléced above and/or below the zones to

be treated to isolate a specific number of such zones.
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CLAIMS:

1. A method for treating a subterranean formation
having at least one o0il producing zone and at least one

water producing zone, comprising the sequential steps of:

(a) providing a water shut-off composition to said

formation;

(b) providing water to said formation;

(c) providing a viscoelastic surfactant fluid to

sald formation; and

(d) providing a matrix acidizing composition,
selected from the group consisting of an acid, a chelant,

and mixtures thereof, to said formation.

2 . The method of claim 1, wherein said water is
brine.
3. A method for treating a subterranean formation

having at least one o0il producing zone and at least one

water producing zone, comprising the steps of:

(a) providing a water shut-off composition to said
formation, said water shut-off composition not viscosified

wlith a viscoelastic surfactant, said water shut-off

composition preferentially treating said at least one water

producing zone; then

(b) providing a VES fluid to said formation

wherein after said providing of said VES fluid said VES
fluid 1s substantially less viscous in the at least one oil

producing zone than in the at least one water producing

zone; and then
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(c) providing a matrix acidizing composition to
salid formation, whereln said matrix acidizing composition is
an acid, a chelant, or a mixture thereof, said VES fluid in
sald at least one water producing zone 1impeding interaction
of said matrix acidizing composition with said water shut-
off composition, whereby said matrix acidizing composition

preferentially dissolves said water shut-off composition in

said oil producing zone.

4 . The method of claim 3, wherein said water shut-off
composition and said VES fluid 1s preferentially provided in
the at least one water producing zone and said matrix
acidizing composition 1s preferentially provided in the at

least one 01l producing zone.

5. The method of claim 3 or 4, further comprising the

step of providing water to said formation following step (a)

and prior to step (b).

G . The method of claim 5, wherein said water is
brine.
7. The method of any one of claims 3 to 6, wherein

sald water shut-off composition is: a delayed inorganic
precipitation system, delayed organic precipitation system,
monomer or polymer base delayed cross-linking system,
monomer Or polymer base reservolr rock absorption or coating
system, resin base delayed gelling system, foamed gel system

or thixotropic gel system.

pnny

8 . The method of any one of claims 3 to 6, wherein

sald water shut-off composition is a polyacrylamide-based

fluid 1n conjunction with an organic crosslinker.
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9. The method of any one of claims 3 to 6, wherein

F

sald water shut-off composition is a polvacrylamide-based

fluid i1n conjunction with chromium.

10. The method of any one of claims 3 to 6, wherein
5 said water shut-off composition is an aluminum

hydroxychloride-based fluid.

11. The method of any one of claims 3 to 6, wherein
sald water shut-off composition is a relative permeability
modifier.

10 12. The method of claim 11, wherein said relative

permeability modifier is a polyacrylamide.

13. The method of claim 11, wherein said relative

permeability modifier is a block polymer.

14 . The method of any one of claims 3 to 6, wherein

15 said water shut-off composition has a viscosity of about

10cP at 100 s t.

15. The method of any one of claims 3 to 14, wherein

sald matrix acidizing composition is an organic acid.

P

16. The method of any one of claims 3 to 14, wherein

20 said matrix acidizing composition is HCl or HF.

17. The method of any one of claims 3 to 14, wherein

sald matrix acidizing composition is a chelant.

18. The method of any one of claims 3 to 17, wherein

sald VES fluid decreases in viscosity when exposed to

25 hydrocarbons.

19. A method for treating a subterranean formation

having at least one o0il producing zone and at least one

water producing zone, comprising the steps of:

10
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—

(a) providing a water shut-off composition

selected from the group consisting of an aluminum

hydroxychloride-based fluid and a relative permeability

modifier comprising a block polymer to said formation:

5 (b) providing a VES fluid to said formation: and

(c) providing a matrix acidizing composition,

selected from the group consisting of an acid, a chelant,

-

and mixtures thereof, to said formation.

20. A method for treating a subterranean formation
10 having at least one 0il producing zone and at least one

water producing zone, comprising the separate steps of:

(a) providing a water shut-off composition to said

p—

formation;

1]
N

(b) providing a V. fluid to said formation; and

15 (c) providing a reactive fluid comprising a

chelant to said formation.

21. The method of claim 20 wherein the VES fluid is
provided before the water shut-off composition has

significantly increased in viscosity.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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