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1. T < t :
A method of treating an underground formation

comprising contacting *he underground formation with a
resin system comprising between 15 and 30 %v of i
monomeric and/or polymeric organic polyepoxides having
more than one epoxy group per nelecule, between 5 angd
20 %v of a curing agent, between 75 and 25 %v ofra
polyalkylene glycol alkyl ether and between 5 and 25
polyalkyiene glycol.
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T 5547
TREATING AN UNDERGROUND FORMATION

The present invention relates to a method of
treating an underground formation to improve its
strength. The method is particularly suitable for
treating an underground hydrocarbon fluid-containing
formation fre#® which hydrocarbons can be produced. Such
an underground hydrocarbon fluid=-containing formation
is referred to as a reservoir.

Production of hydrocarbons from such a reservoir is
usually done through a well drilled from surface to the
reservoir. Such a well is cased to prevent collapse of
its wall. To facilitate fluid flowing into the well,
the part of the well extending into or through the
reservoir is either not cased or, when cased, the
casing is perforated locally. If the underground
formation ihcludes sandstone, production of hydro-
carbons may cause the formation minerals such as sand
near the well to be loosened and to be entrained by the
fluid flow to surface. The entrained material causes
wear of the production equipment through which the
fluid passes. To strengthen the underground formation
so that the amount of loosened material is reduced, the
underground formation is treated with a mixture of a
resin system.

Treating the underground formation comprises
contacting the formation with a resin system comprising
monomeric and/or polymeric organic polyepoxides having
more than one epoxy group per molecule and a curiny
agent in a solvent.

British patent specificatien No. 940 237 discloses
a method of treating an underground formation in which
the solvent is selected from the group including
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aliphatic alcohols, such as methanol, ethanol, butanol
or isopropanol. The solvent can further comprise a
hydrocarbon component for controlling the reaction
rate.

In carrying out the method of treating the
underground formation, the resin system is supplied
through an injection tubular arranged in a well to the
formation zone to be treated. The lower end of the
injeection tubular is suitably fixed in the lower part
of the well with a packer arranged above the zone to be
treated. The packer furthermore prevents upward flow of
the resin system through the annulus between the wall
of the well and the tubular. An exanple of an injection
tubular is a coiled tubing. In an alternative
embodiment, two packers can be used, wherein one packer
is arranged above the zone to be treated and the obther
below that zone.

The packer used in the method of treating a
formation includes an inflatable annular element which
is of an elastomer such as a rubber.

It was found that diffusion of the solvents into
the elastomer caused degradation of the elastomer and
consequently malfunctioning of the packer.

It is an object of the present invention to provide
a method of treating an underground formation wherein
the solvents used do not have a detrimental effect on
the elastomer of the packer during the time the method
of treating the formation is carried out.

It is a further object of the present inventien to
provide a method wherein the resin system does not
easily separate; in other words, solvents should be so

selected that both the resin as well as the curing

agent are completely soluble in the solvent.
To this end the method of treating an undergrnund
formation according to the present invention comprisés
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contacting the underground formation with a resin
system comprising between 15 and 30 %v of monomeric
and/or polymeric organic polyepoxides having more than
one epoxy group per molecule, between 5 and 20 %v of a
curing agent, between 75 and 25 %v of a polyalkylene
glycol alkyl ether and between 5 and 25 %v polyalkylene
glycol.

In the specification the expression "epoxy
components” will be used to refer to monomeric and/or
polymeric organic polyepoxides having more than one
epoxy group per molecule,

In the specification and in the claims the
expressicn "polyalkylene glycol alkyl ether" is used to
refer to a substance which has the following structural
formula R'—O—(-R"—O—)n—H wherein R' and R" are alkyl
groups. These substances are someéetimes referred to as
glycol ethers.

Reference is made te USA patent specification No.

3 857 444 disclosing a method of treating a formation
in which gravel coated with an resin system is
introduced into the formation. The solvent used in the
known system mono ethylene glycol n-butyl ether (to be
referred to as butyl oxitol) or a mixture of amyl
acetate and butyl oxitol. A disadvantage of such a
system is that under underground conditions an epoxy
system with a glycol ether solvent will not cure in a
reasonable time. In addition, acetates are incompatible
with rubber.

Suitably the alkyl group of the polyalkylene glycol
alkyl ether has between 4 and 7 carbon atoms.

Suitably the pdlyalkylene glycol alkyl ether is a
polyethoxy alkyl ether. Suitably the polyalkylene
glycol alkyl ether is ethylene glycol hexyl ether

(CeHlSO*(-CH2CH2O-)éH, to be referred to as HEX).
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The polyalkylene glycol is suitably polyethylene
glycol with an average molecular mass of between 300
and 500 (to be referred to as PEG).

To decrease the reaction rate the resin system
suitably comprises diethylene glycol hexyl ether
(C6Hllo—(-CH2CH20—)2—H, to be referred to as HEX2), the
volumetric ratio between HEX2 and polyalkylene glycol
alkyl ether being between 0.025 and 0.25.

To increase the reaction rate the resin system can
further comprise kerosene, the volumetric ratio between
kerosene and polyalkylene glycol alkyl ether being
between 0.05 and 0.25.

The epoxy system as used in the method according to
the invention, gels with time. This allows sealing a
part of a formation with an impermeable resin layer.
When it is required to enforce part of a formation in a
permeable manner, excess resin is removed by contacting
the formation subsequently with a liquid composition
comprising a viscosified hydrocarbon solvent mixture.
The latter liquid composition i$ called an after=flush.

The invention will now be described in more detail
with referenced to the accompanying experiments.

To test the effect of solvents on rubber the weight
increase of a block of rubber X648R (ex Dunlop) was
determined after being immersed in a solvent at 25 °C
for 1, 6 and 24 hours regpéectively. The results are
shown in Table 1. The size of the rubber block was 60mm
by 10mm by 2.2mm.
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Table 1. Percent of weight increase for rubber immersed
in the solvent.

Solvent 1 hour 6 hours 24 hours
PEG 0.0 0.0 0.0
HEX 1.0 1.8 3.1
HEX2 0.9 2.3 4.9
butyl oxitol 1.3 3.0 6.4
ethyl acetate 22.5 75.9 102.2

Acceptable solvent were those solvents that caused
a weight increase of less than 5% in 24 hours.

Several of the above solvents were tested to
establish the solubility of epoxy component and curing
agent. Epoxy components having an epoxy group content
between 1 000 and 5 500 mmol/kg (for a pure epoxy
component this corresponds to a molecular mass of
between 1 000 and 180 kg/kmol) were soluble in
polyethylene glycol, diethylene glycol, butyl oxitol
and HEX and HEX2. Also the following curing agents were
soluble in these solvents methylene dianiline (to be
referred to as MDA)Y, 1,6 hexanediamine, diethyl tetra
amine (to be referred to as DETA), EPIKURE 116 (Trade

Name) which is a modified cycloaliphatic amine, and

N-2,aminocethylethanolamine. Solubility of the epoxy
components in alcohols was less good.

The following experiments were carried out to study
the curing of the epoxy system according to the present
invention. The epoxy system used in the experiments had
the following composition: 22 %v EPIKOTE 828 (Trade
Name, EPIKOTE 828 is obtained by reacting diphenylol-
propane with epichlorchydrin, has a molecular mass of
between 300 and 450 and contains about 1.9 to 2.0 epoxy
groups per molecule), 10 %v curing agent, MDA, 50 %v
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HEX, 12 %v PEG and 6 %v kerosene. The viscosity of the
epoxy system was measured using a Fann Viscometer with
the epoxy system contained in a heated container
maintained at a constant temperature. The apparent
viscosity, expressed in cP (centipoise), is defined as
half the value of the 600 rpm (revolutions per minute)
reading, obtained using the Fann Viscometer. In Table 2
the apparent viscosity is listed with time, in minutes,
for different temperatures, "c" denotes that no read-
ings could not be obtained because the epoxy system had

cured.

Table 2. Apparent viscosity in of epoxy systems
according to the invention.

Temperature 50 100 150 200 250 590
_min min min min min min

50 °C 9 il 14 18 21 107

60 °C 9 12 16 25 39 c

70 °C 8 14 25 65 o} e}

80 °C 7 18 c c c c

In corclusion, it takes about 6 hours for the epoxy
system according to the invention to set at 60 °C and
about 150 minutes to set at 80 °C.

Adding HEXZ2 decreases the rate of reaction. For
example at 80°C adding 10 %v HEX2 has the effect that
an apparent viscosity of 18 cP is only reached after
180 minutes.

Strength tests and hardness tests were carried out
using a pack of Oude Pekela sand having a grain size of
between 0.075 and 0.150 mm. The length of the pack was
between 16.5 and 18.5 cm, and its diameter 35 mm. The
pack was then treated with an epoxy systém and cut into
samples having a length of 35 mm for testing.
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To establish suitable combinations of epoxy and
curing agent the hardness of samples was determined
after curing the samples at 60 °C for one week. EPIKOTE
828 (Trade Name) and EPIKOTE 834 (Trade Name, EPIKOTE
834 is obtained by reacting diphenylolpropane with epi-
chlorohydrin, has a molecular mass of between 470 and
526 and contains about 1.9 to 2.0 epoxy groups per
molecule) with the curing agents MDA and 1,6 hexane-
diamine gave the hardest samples. The composition of
the epoxy systems in all these tests was 22 %V epoxy
component, 10 %v curing agent, 50 %v HEX, 12 %v PEG and
6 %v kerosene.

It was found that when the solvent only contained
polyalkylene glycol, such as PEG, or only polyalkylene
glycol dlkyl ether, such as HEX, only weak samples were
obtained, which were still soft and spongy after one
week curing at 60 °C.

To determine the average compressive strength
several samples of Oude Pekela sarid were treated with
an epoxy system having the following composition: 22 %v
EPIKOTE 828 (Trade Name), 10 %v curing agent, MDA, 50
%v HEX, 12 %v PEG and 6 %v Kkerosene. About 90% of the
values for the compressive stresses were found to be

between 20 and 70 bar.
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The claims defining the invention are as follows:

1. A methadmbf treating an underground formation

comprising contacting the underground formation with a
resin system comprising between 15 and 30 %v of
monomeric and/or polymeric organic polyepoxides having
more than one epoxy group per molecule, between 5 and
20 %v of a curing agent, between 75 and 25 %v of a
polyalkylene glycol alkyl ether and between 5 and 25 %v
polyalkyiene glycel.

2. Method as claimed in claim 1, wherein the alkyl
group of the polyalkylene glycol alkyl ether has
between 5 and 7 carbon atoms.

3. Method as claimed in claim 1 or 2, wherein the
polyalkylene glycol alkyl ether is a polyethylene
glycol alkyl ether.

4. Method as claimed in claim 3, wherein the poly-
alkylene glycol alkyl ether is ethylene glycel hexyl
ether.

5. Method as claimed in anyone of the claims 1-4,
wherein the resin system further comprises diethylene
glycol hexyl ether, the volumetric ratio between
diethylene glycol heéexyl ether and polyalkylene glycol
alkyl ether being between 0.025 and 0.25.

6. Method as claimed in anyone of the claims 1-5,
wherein the resin system further comprises kerosene,
the volumetric ratio between kerosene and polyalkylene
glyeol alkyl ether being between 0.05 and 0.25,

7. A method of treating an underground formation
comprising contacting the underground formation with a
resin system substantially as described in the
specification with reference to the experiments.

DATED this TENTH day of MAY 1991 . ﬁ
Shell Intetrnationale Research Maatschappij B.V.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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ABSTRACT

TREATING AN UNDERGROUND FORMATION

A method of treating an underground formation
comprising contacting the underground formation with a
resin system comprising between 15 and 30 %v of
monomeric and/or polymeric organic polyepoxides having
more than one epoxy group per molecule, between 5 and
20 %v of a curing agent, between 75 and 25 %v of a
polyalkylene glycol alkyl ether and between 5 and 25 %v
pelyalkylene glycol.
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