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forces of retention for water and/or gas condensates and increasing the flow of hydrocarbon fluids from the reservoir.
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METHOD FOR INCREASING THE PRODUCTION OF HYDROCARBON
LIQUIDS AND GASES
The present application is a continuation of pending provisional patent

application Serial No. 60/556,717, filed on March 25, 2004, entitled “Method of
Increasing the Production of Hydrocarbon Liquids and Gases by Reducing or
Eliminating Water Block at Well Bores and at the Faces of Hydraulic Fractures” and
pending provisional patent application Serial No. 60/617,630, filed October 6, 2004,
entitled “Method of Increasing the Production of Hydrocarbon Liquids and Gases by
Reducing or Eliminating Water Block at Well Bores and at the Faces of Hydraulic

Fractures™.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to hydrocarbon exploration and extraction and,
more particularly, the invention relates to a method for removing or eliminating water
and/or gas condensates blockage in well bores and at the face of hydraulic fractures by
using the wetting and related interfacial properties of various oil forms in order to
decrease the forces of capillary retention of water and/or gas condensates and thereby

increase the efficiency of extraction of hydrocarbons from underground reservoirs.

2. Description of the Prior Art

Accumulation of water around a wellbore, commonly described as water
block, is widely recognized as a serious cause of decrease in production of
hydrocarbon fluids which include both oil and gas and also liquid hydrocarbon
condensates. Water blocking can be defined as the consequence of higher water
saturation around the near-well-bore formation compared to the connate water
saturation associated with rock that is more distant from the wellbore.

Water blocking can arise from any one or a combination of the following
conditions, drilling, completion, fracturing, work over, or casing leaks. Because of
the higher water saturation in the rock around the wellbore, the productivity of gas or
oil flow is reduced. The presence of high water saturation in the wellbore region
greatly increases the transmissibility of water into the well and greatly reduces the

transmissibility of oil and/or gas. The effect on transmissibility is expressed through
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increased relative permeability to water and reduced relative permeability to gas
and/or oil. The local change in transmissivity results in drastic suppression of the
ability of oil or gas to flow into the well from the surrounding formation.

Even under conditions of flow of both phases or flow of hydrocarbon gas
and/or oil, high water saturation is maintained around the well bore because of
capillary forces. The problem becomes increasingly serious with decrease in
permeability of a formation because pore sizes are smaller and capillary action is
stronger.

The problem of water blocking is further accentuated if the well bore region
has been subject to clay particle invasion or clay swelling. - Dispersion, migration, and
plugging by fine particles during well drilling and completion operations results in
smaller pore sizes around the well bore. The locally decreased pore sizes result in
impaired permeability and exacerbate the problem of water block by capillary
retention. Damaged zones are prevalent in the perforation regions where access to the
formation through well casing has been established by means of explosive shaped
charges which crush the rock. Crushing of the rock in the local region of the
perforation results in reduced pore size with attendant reduced permeability and
increased capillary retention of water.

The clean up or removal of water blocking is currently difficult, expensive,
and time-consuming. One approach to mitigating this problem is to treat the well bore
with chemicals that adsorb onto the rock surface to render it near neutral to oil wet.
Capillary retention forces are reduced and permeability to hydrocarbon is increased.
The chemicals proposed for wettability alteration are expensive. Furthermore they
may only be effective for a limited time because they are generally held as a
monolayer at the rock surface and the wettability alteration may not be stable over
time at the prevailing flow conditions.

Some kind of chemicals can be used to enhance the cleanup of the water block.
Alcohol can be used to mitigate water blocking of gas production. The effects of
various liquids such as brine, alcohols, and toluene on the gas deliverability have been
studied. From this, it has been concluded that the cleanup of water block near a well
bore could be divided into two stages. The first stage was fluid displacement which
bypassed water and left high-retained water saturation around the well bore. This

stage lasted about two days. The second stage was reduction of water saturation by
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evaporation driven by gas flow (mass transfer of water into the gas phase as the gas
expands during flow into the well bore). The second stage could last for several
months. The addition of volatile solvent helped the remediation in the second stage
and reduced the duration of the cleanup.

It has also been found that the addition of methanol could speed the cleanup of
water blocking. Wettability change from water wet to oil wet through using 1% v/v
solution of octyldecyltrichlorosilane (OTS) could also aid in the clean up of water
blocking in limestone when methanol was used to displace the water block. They
mentioned that surfactants which change wettability might be used to enhance clean
up of water blocks in tight gas sands.

However, if the draw down pressure were much higher than the capillary
pressure of the near-well bore formation, the water block would be removed. Under
these conditions there was not much benefit to well treatment with alcohol or
alcohol/surfactant to remove water block. .

Others have concluded that change in wettability of the rock surface from
water wet to oil wet would promote mitigation of water blocks because the capillary
pressure and hence capillary retention of water was reduced. Non-emulsifiers
(surfactants) dissolved in methanol were employed to induce wetting change from
water-wet to non-wet (contact angle ~90°).

Others have claimed that oil-based mud filtrate, which contained asphalt that
was soluble in crude oil or aromatic solvent, significantly increased gas well

deliverability and oil or condensate productivity compared to water-based fluids.

SUMMARY

The present invention is a method for reducing or eliminating water block
around a well bore of a well bore region in a reservoir. The method comprises
removing the water from around the well bore, injecting crude oil around the well
bore, and injecting precipitants causing surface precipitation of asphaltenes thereby
altering formation wettability in the well bore and decreasing capillary forces of
retention for water and/or gas condensates and increasing the flow of hydrocarbon

fluids from the reservoir.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. la— le illustrate a method of treatment for oil reservoirs, in accordance
with the present invention;

FIG. 2 is a graph illustrating water saturation change near well bore versus
cycle numbers of treatment;

FIGS. 3a — 3f illustrate another method of treatment for oil reservoirs, in
accordance with the present invention;

FIGS. 4a — 4d illustrate a method of treatment for gas or gas condensate
reservoirs, in accordance with the present invention;

FIGS. 5a — Se illustrate another method of treatment for gas or gas condensate
reservoirs, in accordance with the present invention;

FIGS. 6a — 6e illustrate yet another method of treatment for gas or gas
condensate reservoirs, in accordance with the present invention;

FIGS. 7a and 7b illustrate water coning cases at the initial stage of oil
production and at a later stage of oil production;

FIG. 8 illustrates a hydraulic fracture well;

FIGS. 9a — 9d are graphs illustrating wettability alteration induced by
displacement of crude oil with mineral oil or paraffinic oil directly;

FIG. 10 is a graph illustrating re-exposing surface-precipitated asphaltenes to
fresh crude oil resulting in increased water wetness;

FIGS. 11a and 11b are graphs illustrating the effect of re-aging on wettability
alteration;

FIGS. 12a— 12c are graphs illustrating the effect of alcohol flush and re-aging
on wettability alteration;

FIGS. 13a— 13f are graphs illustrating the effect of alcohol flush, oil-soluble
surfactant, and re-aging on wettability alteration for Berea sandstones;

FIG. 14 is a graph illustrating the effect of Cottonwood crude oil and oil-
soluble surfactant on wettability alteration for limestone; and

FIGS 15a— 15d are graphs illustrating the effect of wettability alteration on

gas return permeability.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one of many possible embodiments, the present invention provides a

method for reducing or eliminating water block by removing the water from around a
well bore, injecting crude oil, surface precipitating of asphaltenes in the well bore
region by injecting aliphatic hydrocarbons or other hydrocarbon fluids of low solvency
for asphaltenes, decreasing the wettability to water of mineral surfaces within the
water block and well bore to near neutral to oil wet by removing the water, injecting
crude oil, and surface precipitating of asphaltenes thereby decreasing capillary
retention forces of water, or water and/or condensates from gases and increasing the
flow of hydrocarbon liquids or gases from the reservoir.

When the wettability of a rock is altered by adsorption fromx crude oil, the
initial water content of the rock at the time of adsorption had a dominant effect on the
reduction in capillary forces as determined by measurement of rate and extent of
spontaneous imbibitions. The lower the initial water saturation, the greater the
reduction in water-wetness of the rock surface. The wettability induced by the
adsorption of organic ﬁlpl from asphaltic crude oils in the presence of connate water
were stable to many cycles of exposure to oil and water.

Furthermore, the water saturation in the rock could be readily reduced by flow
of oil after the first cycle of treatment, so that low water saturations, a key factor in
reduction of wettability to water, would pertain if the rock is re-exposed to crude oil.
The extent of wettability alteration depended on how crude oil was displaced from the
rock by some other oleic phase.

Direct displacement of crude oil by a hydrocarbon with low solvency for the
asphaltenes in crude oil resulted in the most pronounced wettability change for both
sandstone and carbonate rocks without significant reduction in permeability. The low
solvency hydrocarbon typically has significantly lower refractive index than the crude
oil. The low solvency hydrocarbon and hydrocarbon gas will hereafter be referred to
as aliphatic mineral oil (or more briefly as mineral oil-carbon chain number equal to
and greater than about five) and gas (carbon chain number less than about five). The
change in wettability is ascribed principally to the surface precipitation of asphaltenes
from the crude oil, a wettability alteration mechanism. Surface precipitation results
from incompeatibility of the crude oil and the mineral oil with respect to the solvency

of asphaltenes contained in the crude oil.
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Comparable incompatibility aand deposition of asphaltenes can result from
exposure of crude oil to hydrocarbora gas or gas condensate. Precipitation of
asphaltenes causes formation damage. However, according to the hydrocarbon
production scenario, wettability alter-ation by adsorption and/or surface precipitation
from crude oil can be effected by inj ection of crude oil with essentially no damage to
the formation. Greater wettability al teration by surface precipitation can be effected
by following injection of an oleic or gas phase which induces asphaltene precipitation
from the crude oil. Alternatively thes gas or gas condensate of the reservoir can
facilitate the surface precipitation of asphaltenes.

The lower the water content &t the time of treatment, the more effective is the
change in wettability. Water saturation could be lowered by injection of a viscous
crude oil to increase the effectivenes s of wettability alteration by adsorption from the
crude oil or by surface precipitation as already described. Different procedures can be
employed to reduce high water saturation in the vicinity of a well bore. Enough liguid
should be injected so that the distance from the well bore would usually be in the
range of about two to about ten feet £rom the well bore but is not necessarily restricted
to this range.

As illustrated in FIGS. 1a — 1 e, the first method of the present invention is
direct injection of the crude oil followed by a slug of alkane (usually a mineral oil) to
induce wettability alteration towards near neutral to oil wet by surface precipitation
from crude oil (see FIGS. 1a — le for the steps in removal of water block and
restoration of oil production). If additional removal of water is needed the treatment
cycle can be repeated. It has been observed that after adsorption from crude oil, the
water saturation is more readily decreased. An estimate of observed relationships
between treatment cycle and water saturation is presented in FIG. 2.

As illustrated in FIGS. 3a — 3 1, a large decrease in Watef saturation around the
well bore can be achieved by pre-injection of a slug of a co-solvent of water followed
by crude oil. After that, a slug of mimeral oil (see, FIG. 3d) is used to induce
wettability alteration. The co-solvent of water can be a water-soluble alcohol (e.g.
methanol), or an alcohol that is cond itionally miscible with both oil and water such as
iso-propanol or butanol, or a solvent such as tetrahydrofuran that is miscible with both

oil and water.
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Accumulation of condensate at the well bore is a serious problem in many gas
condensate reservoirs. In many instances, accumulation o=f water around the well bore
will also contribute to the local severe reduction in gas permeability. Combinations of
water, gas, and condensate lenses to give blockage by a foxm capillary resistance
known as the Jamin effect would be particularly adverse to production. The retention
of water could be mitigated by the treatments described beelow by which water
saturation is reduced and the region around the well bore 1 s rendered near neutral to
gas condensate wet.

An approach to reduction of water block for gas or gas condensate reservoirs
by injection of crude oil is illustrated in FIGS. 4a —4d. Surface precipitation of crude
oil is induced by production of gas (or gas plus condensate).

As illustrated in FIGS. 5a — 5e, more effective rem.oval of water can be

achieved by injection of a co-solvent of water prior to inje ction of crude oil.



