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The Invention relates to oll production stimulation methods and can be used for both reservoirs with fractures resulting from the
fracturing procedure and reservoirs with naturally occurring fractures, for which the fracturing procedure Is not mandatory. A
material which expands while hardening or setting, Is injected into the near-wellbore region of a cased well, into the space between
the casing and the reservoir, and the wellbore Is then perforated. A material having an expansion degree sufficient for application of
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setting. After the perforation has been done, the reservoir is hydraulically fractured. For naturally fractured reservoirs, the fracturing
procedure Is not mandatory.
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ABSTRACT

The invention relates to oil production stimulation methods and can be used
for both reservoirs with fractures resulting from the fracturing procedure and
reservoirs with naturally occurring fractures, for which the fracturing procedure 1s
not mandatory. A material which expands while hardening or setting, 1s injected into
the near-wellbore region of a cased well, into the space between the casing and the
reservoir, and the wellbore is then perforated. A material having an expansion
degree sufficient for application of pressure to the wellbore walls and for keeping at
least one fracture open is used as the material which expands while hardening or
setting. After the perforation has been done, the reservoir 1s hydraulically fractured.

For naturally fractured reservoirs, the fracturing procedure 1s not mandatory.
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WELL PRODUCTIVITY ENHANCEMENT METHOD (OPTIONS)

The invention relates to oil production stimulation methods.

To stimulate the production, low-permeability rock (methane-containing coal
beds, shales, dense gas-bearing sandstones) is often hydraulically fractured, using a
small amount of proppant and sometimes even without using it. This opens naturally
occurring fractures and microfractures 1n the reservoir or generates new fractures
which may improve considerably the hydrodynamic connection between the
reservoir and the wellbore. However, 1t 1s impossible to predict the fracture opening
degree as there 1s a wide variety of | influencing factors. Therefore, it 1s often

impossiblé to select a proper type of proppant. As a result, most of fractures close

after the fracturing pressure has been relieved. Moreover, proppant preparation,

manufacturing and grading processes take a lot of time.
Intense injection of nitrogen 1nto a reservoir (1.e. injection of pure nitrogen

into very low-permeability rock) 1s a typical example of the proppant-free fracturing.
The produced fracture is expected to maintain a sufficient degree of permeability for
efficient -production, taking 1nto account low permeability of the reServoir.
However, the wellbore/fracture network connection caused by stress concentration

around the wellbore 1s still one of the main problems.

There is a common well productivity enhancement method according to
which a slurry of a no'nexplo-sive breaking agent that expands while hardening, is
injected into a well as a fracturing fluid, at a hydration pressure exceeding, £he
displacement pressiife. The reservoir 1s then hydraulically fractured, the fracturing
fluid is displaced with a displacement fluid until a near-wellbore fractured region
free of fracturing fluid 1s formgd, and the well is kept under displacement pressure

until the fracturing fluid hardens in the fractures (RU Patent No. 2079644, 1997).
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The said method provides generation of additional fractures or additional opening of
existing fractures. The produced fractures are not filled with a hard material but
remain empty or are filled with a reservoir fluid, thus increasing the permeability of
the near-wellbore region and enhancing the productivity of the well.

However, this method offers no solution to the problem that arises in the near-
wall region where the stress which causes the fractures to close has the highest value
and 1ncreases as the pressure decreases in the wellbore. The fracture mouth plugging
hampers the optimization of oil production and 1s the main disadvantage of this
method and of many other well-known techniques.

The method proposed herein allows prevention of fractures from closing in
the near-wellbore region and provides reliable connection of the fracture network to
the wellbofe. This method can be used for both reservoirs with fractures resulting

from the fracturing procedure and reservoirs with naturally occurring fractures, for

which the fracturing procedure 1s not mandatory.
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According to the present invention, there is provided a well
productivity enhancement method including injecting a material which expands
while hardening or setting into a near-wellbore region of a cased well, into a space
between the casing and a naturally fractured reservoir, and perforating the
wellbore, wherein said material has an expansion degree sufficient for épplication

of pressure to walls of the wellbore and for keeping at least one fracture open.

Also according to the present invention, there is provided a well
productivity enhancement method including injecting a material which expands
while hardening or setting into a near-wellbore region of a cased well, into a space
between the casing and a reservoir, perforating the wellbore, and hydraulically
fracturing the reservoir, wherein said material has an expansion degree sufficient
for application of pressure to walls of the wellbore and for keeping at least one

fracture open.
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According to the well productivity enhancement method, a material which
expands while hardening or setting, is injected into the near-wellbore region of a
cased well, into the space between the casing and the reservoir, and the wellbore is
then perforated. A material having an expansion degree sufficient for application of

pressure to the wellbore walls and for keeping at least one fracture open is used as

the material which expands while hardening or setting. In some embodiments,
after the perforation has been done, the reservoir is hydraulically fractured.

For naturally fractured reservoirs, the fracturing procedure is not mandatory. .

The stress oy which causes the mouth of a fracture to close in the absence of

proppant near the wellbore wall can be calculated as a tangential stress on the

wellbore wall 1n the absence of a fracture:

O, :20'h~Pw+27](Pw—p)



CA 02602655 2007-09-17

3

where oy, is the main stress in the far region on the horizontal plane, P, 1s the
wellbore pressure, p is the pore pressure in the far region and 2 # 1s the elastic
constant of the porous medium, being close to 0.5.

The equation is based on the assumptions that rock 1s a porous elastic
material, that the well has been drilled parallel to the main vertical stress and that
two main horizontal stresses in the far region are equal.

[t should be noted that the stresses which occur in the near-wellbore region
quickly reduce to zero when moving away from the well. Consequently, they affect
nothing but the near-wellbore region, and the stress 64 which causes the fracture to
close quickly approaches to the horizontal stress oy, in the far region at a /distance of
about two wellbore diameters from the well. The full equation can be found 1n any
paper on elasticity (e.g. Timoshenko, S.P., and Goodier, J.N.: Theory of Elasticity,
3rd ed., McGraw-Hill Book Company, New York (1970)).

During the production, the reservoir fluid pressure is lower than the pore
pressure in the far region and is inevitably lower than the stress in the far region.
Consequently, the tangential stress in the near-wall region (i.e. the stress which
causes the fracture to close on the fracture surface) increases.

To make up for wellbore pressure reduction, a material which expands while
hardening or setting and which allows application of a radial stress to the wellbore
walls, 1s placed in the near-wellbore region between the casing and the rock. This
allows separation of the wellbore pressure from the radial stress applied to the
wellbore walls at the border of the material which expands while hardening or

setting, and the rock. As a result, the following formula 1s applicable:

c,=20,-P, +277(P: -—p)
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where P° is the radial stress applied to the wellbore walls and P/ 1is the

w

wellbore pressure.

This radial stress must be high enough to reduce the tangential rock stress oy
(we assume that compression is positive) in the near-wellbore region at least to the
far region value or, in a better case, to a level below the far region value or, in the
extreme case, to a level below the tensile strength value.

Let us consider a shallow reservoir, say, 1,000 meters in depth, having a pore
pressure (p) of 10 MPa in the far region and a minimum stress of about 18 MPa. Let

us assume that the wellbore pressure P/ is equal to 3 MPa during the production, the

elastic constant of the porous medium 2 # 1s equal to 0.5, the stress 6y which causes
the fracture to close in the near-wall region 1s equal to 29 MPa, which 1s a
considerable increment as compared with 18 MPa. Additional load of 11 MPa i1s to

be applied to the rock to make up for the stress which causes the fracture to close.

Cement that contains D179 expanding agent (magnesium oxide) 1s an
example of the material which expands while hardening. It is possible to use other
expanding materials that provide sufficient pressure, e.g. polymers capable of
swelling and materials having elastic recovery properties. Some of these materials
expand so much that they can break strong rock when injected to a small diameter

hole, and they are used, for example, in the mining industry. To determine the load
applied to the rock by an expanding material, it 1s possible to use the pilot unit
described in Boukhelifa L., Moroni1 N., Lemaire G., James S. G., Le Roy-Delage S.,
Thiercelin M. J., “Evaluation of Cement Systems for Oil and Gas Well Zonal
Isolation in a Full-Scale Annular Geometry”, SPE 87195, Proceedings of the
[ADC/SPE Dnlling conference, Dallas, Texas, 2-4 March 2004.

The application of a material that expands while hardening or setting, between
the casing and the reservoir increases the normal load on the wellbore wall. In case

of a sufficiently high load, the stress which causes the mouth of the fracture to close
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reduces to a degree sufficient for maintaining a required conductivity level. In a

better case, it is possible to create a tensile stress at which the mouth of the fracture

will remain open.

So, the main principle of the invention is that a material that expands while
hardening or setting, should be injected into the near-wellbore region of a cased
well, into the space between the casing and the reservoir, prior to starting the
perforating and fracturing procedures. A material having an expansion degree
sufficient for application of pressure to the wellbore walls and for keeping at least
one fracture open should be used as the material which expands while hardening or
setting. ‘

The material may expand before the perforating and fracturing procedures
begin, but this is not mandatory; the i1dea is to achieve full expansion during the

production.
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CLAIMS:
1. A well productivity enhancement method including injecting a

material which expands while hardening or setting into a near-wellbore region of a
cased well, into a space between the casing and a naturally fractured reservoir,
and perforating the wellbore, wherein said material has an expansion degree
sufficient for application of pressure to walls of the wellbore and for keeping at

least one fracture open.

2. A well productivity enhancement method as claimed in claim 1,
comprising additionally fracturing the reservoir after the wellbore has been

perforated.

3. A well productivity enhancement method as claimed in claim 1 or 2,
wherein said material comprises expanding cement which contains calcium oxide

or magnesium oxide or a combination of these compounds.

4. A well productivity enhancement method as claimed in any one of
claims 1 to 3, wherein said material comprises a swelling polymer which expands

In the presence of oil or water.

5. A well productivity enhancement method including injecting a
material which expands while hardening or setting into a near-wellbore region of a
cased well, into a space between the casing and a reservoir, perforating the

wellbore, and hydraulically fracturing the reservoir, wherein said material has an
expansion degree sufficient for application of pressure to walls of the wellbore and

for keeping at least one fracture open.

6. A well productivity enhancement method as claimed in claim 5,
wherein said material comprises expanding cement which contains calcium oxide

or magnesium oxide or a combination of these compounds.

7. A well productivity enhancement method as claimed in claim 5 or 6,
wherein said material comprises a swelling polymer which expands in the

presence of oil or water.
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