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(57) ABSTRACT 

The invention is directed to a method for controlling driving 
fluid breakthrough caused by Zones of pressure communica 
tion, i.e., a matrix bypass event (MBE) or a wormhole, 
having a void space and possibly areas of enhanced perme 
ability (a halo region) associated with the Void space, within 
a Subterranean formation arising from use of a driving fluid in 
reservoirs where heavy/viscous oil is being produced. In par 
ticular, the method is directed to remediation of pressure 
communication between injection and production wells used 
to produce heavy/viscous oil by way of a waterflood opera 
tion combined with a cold production method. Director rapid 
communication of water between the injector and producer 
wells makes the waterflood recovery process virtually inef 
fective and limits the production of oil from the reservoir. The 
invention comprises in embodiments a method wherein a 
slurry of a cementitious material is injected into the Zone, 
which upon setting, provides a cement plug in the Void space 
that reduces the pressure communication and flow of driving 
fluid within the Zone. Another step is used to inject a gel 
precursor within the Zone, which upon setting, produces a gel 
plug that also reduces pressure communication and driving 
fluid flow through the halo region of the Zone. 
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METHOD TO CONTROL DRIVING FLUID 
BREAKTHROUGH DURING PRODUCTION 

OF HYDROCARBONS FROMA 
SUBTERRANEAN RESERVOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of U.S. Provisional 
Patent Application Ser. No. 61/230,443, filed Jul. 31, 2009, 
the teachings of which are incorporated herein by reference in 
their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a method for reme 
diation and/or inhibition of driving fluid breakthrough during 
production of hydrocarbons, and in particular heavy/viscous 
oil, from a subterranean reservoir, such as where a pressure 
communication between an injection well and a production 
well arises during a waterflood operation. 

BACKGROUND OF THE INVENTION 

0003. Many oil fields are comprised of reservoirs wherein 
the injection wells involved with a waterflood operation have 
or develop direct or indirect pressure communication with 
offset production wells. When this pressure communication 
develops, the producer well exhibits a breakthrough of 
injected water and thus an increase in the water oil ratio and 
decrease in oil production. The waterflood process is effec 
tively broken as a result. This breakthrough of injection water 
is a serious disadvantage and becomes more prevalent as the 
oil field matures. A similar problem for a conventional water 
flood of a light oil reservoir is generally described in U.S. Pat. 
No. 7,243,720. 
0004 As used herein, the term “viscous/heavy oil (also 
simply “heavy oil” for ease of reference) means an oil of 30° 
API gravity or less, and generally less than 25 API. Some 
heavy oil reservoirs in the State of Alaska, USA or in Canada 
can exhibit a gravity of less than 17 API and as low as 10° 
API. 
0005 Though there may be communication, the injector 
well may still hold injection pressure Suggesting that the 
flooding operation of the reservoir has not completely failed. 
Typically, the pressure difference between the bottom hole 
injection well pressure and the bottom hole production well 
pressure is on the order of 1000 to 2000 psi, and usually 1200 
to 1500 psi in a normal heavy/viscous oil waterflood. When 
communication occurs, this pressure differential will 
decrease. In severe instances, such as a matrix bypass eventor 
“MBE (described in more detail hereinafter) frequently the 
waterflood will completely fail which is signified by the bot 
tom hole injection pressure of the injector essentially equal 
ing the bottom hole producing pressure of the producer. 
0006 A waterflood process may also be used for produc 
tion of heavy/viscous oil from a reservoir combined with a 
cold production method wherein sand is produced with the 
water/oil mixture. This cold production method is sometimes 
referred to as a CHOPS (Cold Heavy Oil Production with 
Sand) method. Conventional waterflooding of heavy/viscous 
oil reservoirs is plagued with either very large pressure gra 
dients or premature water breakthrough as previously men 
tioned, and both these aspects can lead to low injectivity or 
poor Sweep efficiency, thereby resulting in poor oil recovery. 
Further, because of the increased viscosity of the heavy oil, it 
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is susceptible to fingering. Sand production is not a major 
problem with production of heavy/viscous oil, since the wells 
are designed and operated, such as in the case of the CHOPS 
method, to produce sand with oil. 
0007. A particular characteristic of the CHOPS process 
which is a concern for waterflooding is the formation of 
so-called “wormholes' or channels which are formed as the 
fines are removed from the reservoir rock during production 
of the oil/sand mixture. An article by Tremblay et al. “Simu 
lation of Cold Production in Heavy-Oil Reservoirs: Worm 
hole Dynamics', SPE Reservoir Engineering (May 1997) at 
pages 110-117, advises that fines removal causes the perme 
ability of the rock to increase as the wormhole develops. In 
addition, the matrix of the rock becomes weaker and weaker 
as the process continues, even to the point where it is believed 
that a portion of the rock formation can fail and produce large 
Volumes of sand and leave a “void” in the reservoir. Short of 
this event, the enhanced permeability rock where the fines 
have been removed is also sometimes called the "halo”. 
Wormhole formation is described, for example, in U.S. Pat. 
No. 7,677.313, the teachings of which are incorporated herein 
by reference in their entirety. Wormholes may comprise either 
“void spaces, “halo' regions, or both. 
0008. On the water injection side, those in the art can 
appreciate that so-called "fingering of injected water 
through heavy oil also becomes a significant factor. The water 
fingering makes the waterflood process very inefficient. 
0009. When both producer and injector wells are active in 
a heavy/viscous oil water flood, it is believed, without wish 
ing to be bound by theory, that a wormhole from the producer 
side seeks the relatively high pressure source of the injector 
well and correspondingly a waterfinger from the injector side 
seeks the lower pressure of the producer well. When this 
finger of water connects to the wormhole of the producer, the 
water-oil ratio of the produced fluids increases dramatically 
and there becomes a pressure communication between the 
injector and the producer. 
0010 Matrix Bypass Events (MBEs) as mentioned above 
are a particular problem in the waterflooding of many heavy/ 
Viscous oil reservoirs which use a cold production method, 
such as a CHOPS process. Basically the water injector well 
develops direct pressure communication with the oil produc 
tion well. The presence of an MBE can be inferred in most 
cases where the difference in pressure between the bottom 
hole injection well pressure and the bottom hole production 
well pressure (AP) shows a significant decrease over a rela 
tively short period of time, such as a change in AP, on the 
order of at least 100 psi over a 12 hour time period. In the most 
severe cases, the pressure differential (AP) can be less than 
200 psi and even less than 100 psi, i.e., the bottom hole 
injection pressure of the water injector approaches and nearly 
equals the bottom hole production pressure of the producer. 
This short circuit of the injected water can make the water 
flood ineffective and oil recovery not economically feasible, 
since the injector and producer are just primarily cycling 
Water. 

(0011 U.S. Pat. No. 7,677.313, previously incorporated 
herein by reference, discloses a method for controlling water 
influx into wellbores by blocking high-permeability chan 
nels. The method involves use of both an unreinforced and 
reinforced gel which is introduced into the channel to block 
the flow of water therethrough. U.S. Pat. No. 6,720,292 dis 
closes the use of a reinforced clay gel to control fluid flow, 
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while U.S. Pat. No. 7,350,572 discloses use of a mixture of a 
treatment fluid (gelled acid material) and a fiber to control 
fluid losses from a wellbore. 
0012 While some of these methods may block fluid flow, 
the materials employed may not provide a complete seal, or 
any blockage may only be temporary, resulting in a relatively 
rapid reoccurrence of fluid influx. 
0013 What is needed is a method which may be used to 
remediate or repaira Zone. Such as that associated with worm 
holes wherein a Void space and associated halo region are 
created due to production of sand, as in the case of a CHOPS 
type cold production process, and have resulted in an undes 
ired pressure communication between the production well 
and an associated drive fluid injection well. Such a method 
could be used to control fluid flow and restore the effective 
ness of the associated flooding operation and increase the 
amount of hydrocarbons produced. 

SUMMARY OF THE INVENTION 

0014. The foregoing objects and advantages may be 
attained by the present invention, which in one aspect is 
directed to methods for remediation of void spaces and/or 
halo regions within a high permeability Zone of a Subterra 
nean formation, which Void spaces or halo regions are formed 
by use of a driving fluid, such as a waterflood, during produc 
tion of heavy/viscous oil from the formation. 
0.015 Thus, in embodiments, the invention is directed to a 
method for remediation of a Zone within a subterranean 
hydrocarbon-bearing formation to inhibit breakthrough of a 
driving fluid from a driving fluid injection well via the Zone 
into a production well. The Zone is comprised of avoid space, 
a halo region, or both due to production of hydrocarbons from 
the production well. The Zone thereby allows for pressure 
communication between the injection well and the produc 
tion well. The method comprises the steps of: 

0016 injecting a plugging composition into the Zone, 
the plugging composition comprising a slurry of a 
cementitious material capable of being pumped into the 
Zone; 

0017 allowing the plugging composition to set in the 
Zone for a time Sufficient to form a cement plug therein 
to reduce flow communication of the driving fluid 
between the injection well and the production well 
through the Zone; 

0018 injecting a gel precursor into the Zone; and 
0019 allowing the gel precursor to set in the Zone for a 
time Sufficient to thereby form a plug comprised of a gel 
within the Zone to further reduce flow communication of 
the driving fluid between the injection well and the pro 
duction well. 

0020. In other embodiments, the invention is directed to a 
method for remediation of a Zone within a subterranean for 
mation bearing heavy/viscous oil to inhibit breakthrough of 
water from a water injection well via the Zone into a produc 
tion well. The Zone is comprised of a Void space, a halo 
region, or both within the Zone due to production of the 
heavy/viscous oil through the production well. The Zone 
thereby allows for pressure communication between the 
injection well and the production well. The method comprises 
the steps of: 

0021 injecting a plugging composition into the Zone 
via the injection well, the plugging composition com 
prising a slurry of a cementitious material capable of 
being pumped into the Zone; 
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0022 allowing the plugging composition to set in the 
Zone for a time Sufficient to form a cement plug therein 
to reduce flow communication of water between the 
injection well and the production well through the Zone: 

0023 injecting a polymer gel precursor into the Zone 
via the injection well; 

0024 injecting a displacement fluid into the Zone via 
the injection well to overdisplace the polymer gel pre 
cursor into the Zone; and 

0.025 allowing the polymer gel precursor to set for a 
time sufficient to thereby form a plug comprised of the 
polymer gel within the Zone to further reduce flow com 
munication of water between the injection well and the 
production well. 

0026. Further aspects and advantages of the invention will 
become apparent to those skilled in the art from a review of 
the following detailed description taken in conjunction with 
the examples and the appended claims. It should be noted that 
the invention is susceptible to embodiments in various forms. 
Therefore, the specific embodiments described hereinafter 
are provided with the understanding that the present disclo 
sure is intended as illustrative and is not intended to limit the 
invention to the specific embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. So that the manner in which the above recited fea 
tures, advantages and objects of the present invention are 
attained and can be understood in detail, a more particular 
description of the invention, briefly summarized above, may 
be had by reference to the embodiments thereof which are 
illustrated in the appended drawings. 
0028. It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
0029 FIG. 1 is a graph of wellhead injection pressure (psi) 
and cumulative Volume vs. time of an injection well and may 
be used to determine whether a high permeability Zone has a 
Void space. 
0030 FIG. 2 is a section view of a formation bearing 
heavy/viscous oil which has a Zone remediated according to 
the invention with both cross-linked polymer gel plugs and 
plugs of a cementitious material (THERMATEK) according 
to an embodiment of the invention described in the Example 
discussed hereinafter. 
0031 FIG. 3 is a graph of wellhead pressure (psi) vs. 
injection rate (BWPD) prior to and after breakdown, and also 
after treatment, for well MPE-33SS discussed hereinbelow in 
respect of the Comparative Example discussed hereinafter. 
0032 FIG. 4 is a graph of wellhead pressure (psi) vs. 
injection rate (BWPD) prior to and after breakdown, and also 
after treatment, for well MPS-33LS discussed hereinbelow in 
respect of the Comparative Example discussed hereinafter. 
0033 FIG. 5 is a section view of a formation bearing 
heavy/viscous oil (up-dip) which according to the analysis 
methodology discussed hereinafter, has been determined to 
have a void space (“MBE) and associated halo region that 
require remediation with both cross-linked polymer gel plugs 
and plugs of a cementitious material (THERMATEK) 
according to an embodiment of the invention. 
0034 FIG. 6 is a section view of the formation bearing 
heavy/viscous oil depicted in FIG. 5, which shows remedia 
tion of the void space (“MBE) according to one embodiment 
of the invention, i.e., with a plug of a cement-like material 
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(THERMATEK). Prior to setting, the cementitious material is 
held in place with a plug of a polymer gel as is shown in FIG. 
6. 
0035 FIG. 7 is a section view of the formation bearing 
heavy/viscous oil depicted in FIG. 6, which shows further 
remediation of the halo region associated with the Void space 
(“MBE) according to another embodiment of the invention. 
The halo region is remediated by injection of a gel precursor 
into the Zone containing the halo region. 
0036 FIG. 8 is a section view of the formation bearing 
heavy/viscous oil depicted in FIG. 7 when waterflood is 
resumed after remediation of both the void space and halo 
region according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0037. The present invention is a method for controlling 
fluid flow within one or more high permeability Zones within 
a Subterranean formation which are in communication with a 
wellbore, wherein a “high permeability Zone' is any path or 
channel which is in communication with a wellbore and 
which exhibits a significantly higher permeability to fluids 
than the average permeability of the formation Surrounding 
the wellbore. In embodiments, the presence of a high perme 
ability Zone can be inferred where the communication 
between the high permeability Zone and the wellbore results 
in a difference in bottom hole pressure between an injection 
well and a production well (AP) that shows a significant 
change in AP, over a relatively short period of time, such as 
on the order of at least 50 psi, and more particularly at least 
100 psi, over a 12 hour time period. In the most severe cases, 
the pressure differential AP can be less than 200 psi and 
even less than 100 psi, i.e., the bottom hole injection pressure 
of the water injector approaches and nearly equals the bottom 
hole production pressure of the producer. In terms of volume 
for Such Zone (such as a wormhole), the Void space Volume of 
the Zone can be at least 10 barrels per 1000 feet of length for 
the most severe cases, and as little as 0.05 barrels per 1000 
feet or less for less severe cases of pressure communication. 
0038. As one example, a high permeability Zone may be 
comprised of one or more fractures or irregularities within the 
formation. As a second example, a high permeability Zone 
may be comprised of one or more Voids (or gaps) in the 
formation surrounding the wellbore or adjacent to the well 
bore, which voids may be naturally occurring within the 
formation, but of primary interest in this invention for pro 
duction of heavy/viscous oil, are Voids formed during pro 
duction of hydrocarbons from the wellbore. In some particu 
lar embodiments of the invention, the high permeability Zones 
are comprised of wormholes, such as wormholes associated 
with heavy oil reservoirs which have been produced by the 
use of Cold Heavy Oil Production with Sand (“CHOPS) 
techniques. 
0039. These high permeability Zones generally comprise a 
Void space and also an area of enhanced permeability associ 
ated with the void space termed as a halo region. The halo 
region is believed to comprise porous, or loose or loosely 
compacted unconsolidated Solid material. In some embodi 
ments, the method of the invention preferably selectively 
blocks wormholes associated with cold production wells 
which have experienced water breakthrough and thus tend to 
produce relatively high percentages of water at the wellbore. 
It is believed that the treatment method of the invention will 
preferentially infiltrate wormholes which have experienced 
water breakthrough, due to the relatively low viscosity of 
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water in comparison with the Viscosity of hydrocarbons such 
as heavy oil. As a result, the method of the invention is 
particularly suited for use where the viscosity of the hydro 
carbons being produced by the wellbore is relatively high, 
since these conditions will increase the extent to which the 
treatment method will preferentially infiltrate wormholes 
which contain a large proportion of water. 
0040. The reservoir formation surrounding such worm 
holes typically comprises a sand matrix of relatively densely 
compacted but unconsolidated sand. Heavy oil is contained 
within this sand matrix, and the permeability of the sand 
matrix is typically much lower than the permeability of either 
the void space or the halo region of the wormhole. 
0041. The method is comprised of a sequential treatment 
of two basic steps—one step being the introduction of a 
plugging composition comprised of a cementitious material 
into the high permeability Zone, and a second step comprised 
of introducing a gel precursor into the Zone. It is generally 
preferred that the initial step be introduction of the cementi 
tious material into the Zone, followed by introduction of the 
gel precursor. It is believed that the plugging composition 
comprised of the cementitious material, upon setting, prima 
rily places a plug within the Void space of the high perme 
ability Zone, while the gel precursor, upon setting, places a 
plug within the associated halo region of the Zone. 
0042. Thus, the method of the invention can result in a 
treatment that provides a synergistic plug or seal combination 
which is particularly effective, for example, in the control of 
pressure communication and driving fluid flow between an 
injector and producer well pair in a driving fluid operation, 
Such as a waterflood used to produce heavy/viscous oil. 
0043 Plugging compositions useful in the practice of this 
invention comprise a cementitious material. A variety of 
cementitious materials can be used. Such as Portland-type 
cements and magnesium oxysulphate materials marketed 
under the tradename MAGNAPLUS by Baker Hughes. Sorel 
cements may also be used, which are comprised of magne 
sium oxychloride. 
0044. However, particularly useful cementitious materials 
are fast setting cements, such as those comprised of magne 
sium oxide, and particularly magnesium oxychloride 
cements as described in U.S. Pat. No. 6,664.215, previously 
incorporated herein by reference in its entirety. Similar fast 
setting cement compositions are disclosed in U.S. Pat. Nos. 
7,544,641, 7,350,576 and 7,044.222 the teachings of which 
are also incorporated herein by reference. These materials are 
available commercially from Halliburton Energy Services 
Inc. under the trade name THERMATEK. 

0045 Particularly advantageous cementitious materials 
are those which undergo a rapid phase transition from a 
flowable slurry to a solid state as generally described in U.S. 
Pat. No. 6,664,215. This property is referred to in the art as a 
"right-angle set because of the characteristic sharply-angled 
curve (i.e., resembling a "right angle') formed by plotting the 
Viscosity of the material versus setting time. Such materials 
can also be relatively noninvasive to formations around the 
high permeability Zone, because the rapid set limits migration 
of the cementitious material into Such formations; however, 
Some invasion of the slurry into areas Surrounding the Void 
space of a Zone may be desired to assist with stabilizing the 
associated halo region of the Zone. 
0046. As known in the art, various other components may 
be added to the cementitious material to impart desired prop 
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erties prior to pumping it. Such as fillers, inhibitors, acceler 
ating agents, weighting agents, and strengthening agents. 
0047 The plugging composition is generally prepared as a 
slurry of the cementitious material at the wellsite. Generally, 
the composition is an aqueous slurry of the cementitious 
material. The composition may be prepared in a cement unit 
such as those manufactured by Halliburton, Baker Hughes or 
Schlumberger. Typical cement units include a vessel and mix 
ing apparatus. The constituents of the composition may be 
mixed in batches or in a continuous mixing operation. The 
slurry of cementitious material may then be pumped and 
injected directly from the cement unit to the wellbore. Other 
Suitable apparatus may be used to mix and pump the slurry to 
the wellbore. For example, the composition could be prepared 
in a tank of Suitable Volume, mixed with appropriate equip 
ment and pumped and injected into the wellbore with a triplex 
or duplex rig pump. It is anticipated that the composition will 
be prepared at ambient temperature and pressure. Cooler 
temperatures will delay the ramp time to the internal compo 
sition temperature at which the composition sets to form a 
Solid state material. 
0.048. It is anticipated that the plugging composition may 
be injected into either an injector well or producer well, or 
both, depending upon which well has the best access to the 
high permeability Zone in terms of the orientation of the well, 
the completion method used for the well, and also goal of the 
treatment. It is also been found advantageous to inject a pill of 
a viscous gel material. Such as a gel with a viscosity signifi 
cantly higher than the viscosity of the gel precursor described 
below used also in the practice of this invention, Such as one 
with a viscosity of at least 500 cp or higher like a K-MAX 
cross-linked gel available from Halliburton Energy Services, 
both in advance of and after injection of the plugging com 
position. This overdisplaces the plugging composition into 
the formation and thereby reduces possible interference with 
the injector and/or producer wells, and it also places a viscous 
gel plugin front of and after the plugging composition so that 
it assists with maintaining the plugging composition in place 
within a desired location of the formation prior to setting of 
the cementitious material. However, in the event the Zone 
volume to be treated is relatively small, such as about 3 barrels 
or less, it could be difficult to overdisplace the plugging 
composition due to a risk of pushing at least a portion of it out 
of the formation being treated. 
0049. Typically, after injection into the high permeability 
Zone, the well is shut in and the plugging composition is 
solidified by geothermal heating of the slurry to the setting 
temperature for the composition whereupon it undergoes a 
phase transition from a flowable to a solid state. With some 
cementitious materials, such as the THERMATEK material 
previously described, during setting the composition under 
goes an exothermic reaction and heat generated in the reac 
tion assists with setting of the material. The amount of time 
required to set is thus dependent upon the cementitious mate 
rial selected, but generally 24 hours is adequate. With some 
fast setting cements, such as the THERMATEK material pre 
viously described, the set time can be as little as 6 hours or 
less. 

0050. As mentioned above, the method of the invention 
further comprises introduction of agelprecursor material into 
the high permeability Zone. The gel precursor may also be 
introduced to the high permeability Zone via an injector or 
producer well, or both, depending upon which well has the 
best access to the high permeability Zone in terms of the 
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orientation of the well, the completion method used for the 
well, and also goal of the treatment. 
0051 Gel precursor materials employed in the practice of 
the invention can include any type of gel system, including a 
wide range of clay gels and chemical gels, or combinations 
thereof, but is most preferably employed using a polymer gel 
system. 
0.052 Generally, the polymer gel precursor comprises a 
polymergelling agent and a cross-linker. Polymer gel precur 
sors useful in the present invention include those disclosed in 
U.S. Pat. Nos. 7,131,493 and 7,299,882, and also US Patent 
Application Publication 2005/01593.19, the teachings of 
which are incorporated herein by reference. Another useful 
polymer gel material includes polyamide gels marketed by 
Halliburton Energy Services Inc. under the trade name 
H2ZERO and also described in detail within U.S. Pat. No. 
7,131493. 
0053 Also useful as a polymer gel precursor in accor 
dance with the present invention are those disclosed in U.S. 
Pat. Nos. 4,683,949; 5,947,644; 6,186,231; 6,450,260; 7,328, 
743 and 7,510,011, and US Patent Application Publication 
2008/0110628, the teachings of which are incorporated 
herein by reference, and particularly, the polyacrylamide 
based gels MARASEAL and MARCIT developed by Mara 
thon and marketed by Tiorco LLC. The MARCIT gel is 
comprised of a relatively high molecular weight polyacryla 
mide gelling agent, while the MARA-SEAL gel is comprised 
of a relatively low molecular weight polyacrylamide gelling 
agent. 
0054 Where the gel includes a cross-linker, any cross 
linker which is suitable for use with the selected gelling agent 
may be used. In embodiments where the gel is comprised of 
a polyacrylamide gel, the cross-linker may, for example, be 
comprised of chromium acetate. 
0055 Polymer gel precursors for treatment of halo regions 
will typically have a viscosity of from 20 to 100 cp, and in 
embodiments, generally from 30-60 cp. 
0056. The gel precursor may be further comprised of a 
reinforcing material. The reinforcing material may be com 
prised of any suitable solid reinforcing material. Such as natu 
ral or synthetic particles or fibers. The reinforcing material 
may be comprised of sand. The sand may be comprised of 
produced sand or may be comprised of a graded sand product. 
The reinforcing material is preferably comprised of relatively 
fine particles in order to minimize the tendency of the rein 
forcing material to settle out from the reinforced gel, and 
preferably particles less than 100 mesh. 
0057 The gel precursor may be comprised of any amount 
of the reinforcing material which, upon setting, is effective to 
provide the desired properties of the resulting gel. 
0058. In embodiments, the method of the invention may be 
further comprised of the step of introducing an amount of a 
displacement fluid into the wellbore and preferably into the 
high permeability Zone to overdisplace the gel precursor into 
the Zone and away from the wellbore, so that upon setting the 
resulting gel plug does not interfere with Subsequent opera 
tion of the wellbore. Preferably the displacement fluid is 
injected into the wellbore immediately after the gel precursor 
is introduced into the high permeability Zone so that the gel 
precursor does not have an opportunity to “set in or near the 
areas surrounding the wellbore. Where it is not necessary or 
desirable to overdisplace the gel precursor away from the 
wellbore and into the formation, the step of introducing the 
displacement fluid may be omitted. 
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0059. The displacement fluid may be comprised of any 
fluid which is capable of displacing the gel precursor and 
which either can remain in the wellbore without interfering 
with the wellbore or can be flushed from the wellbore before 
interfering with the wellbore, such as water, alcohols (such as 
methanol), fuel oils like diesel fuel, and crude oil. Preferably 
the displacement fluid is comprised of water. More preferably 
the displacement fluid is comprised of produced water or 
formation water which is obtained from the wellbore to be 
treated according to the invention or from a different well 
bore. In arctic environments, especially those Such as in 
Alaska, where freezing of water in the wellbore adjacent to 
permafrost areas is a potential problem, it is advantageous to 
use a non-aqueous displacement fluid, or initially use wateras 
the displacement fluid and then Switch to a non-aqueous fluid, 
Such as diesel fuel, to maintain a hydrostatic column in the 
wellbore during the shut in period while the gel sets. 
0060 Once the gel precursor is introduced into the Zone, 
the method is further comprised of shutting in the wellbore 
following the treatment for a period of time in order to allow 
for setting (gelation) of the gel precursor. The period of time 
to set is generally 24 hours or longer. 
0061 Evaluation of the Severity of the Pressure Commu 
nication. 
0062. There are several techniques that may be used to 
evaluate the severity of the pressure communication and give 
guidance with design the treatment Volumes and remediation 
methodology to be employed. 
0063 Tracer Testing. By injecting red dye, fluorescein, or 
other water soluble visual tracer solution into the injector well 
and after visually detecting the presence of the tracer in the 
produced fluids at the producer well, and thereafter taking 
samples of produced fluids at the producer well, it is possible 
to size the treatment for a repair. When a high permeability 
Zone is present, the typical transit time from the perforations 
in the casing of the injector well to the perforations in the 
casing for the producer well is 20 to 40 minutes. This has an 
associated injected volume of 15-40 bbls of water with inter 
well distances of 1,000 to 1,400 feet. By the addition of a 
soluble chemical agent into the drive fluid. Such as a water 
soluble salt—for example about 1 pound of magnesium Sul 
fate (Epsom salt MgSO4.7H2O) per barrel of tracer solution 
(the salt is added with the red dye, fluorescein or other water 
soluble visual tracer) it is possible to quantify the fraction 
of the tracer which is conveyed by the high permeability Zone. 
Thus, once the red dye, fluorescein, or other visual tracer is 
detected in the produced fluid, samples can be taken at peri 
odic intervals to quantify the fraction of the tracer that is 
immediately produced through the high permeability Zone. 
Multiplication of the injection water volume required to move 
the tracer from the injector well perforations to the producer 
well perforations by the fraction of the tracer that is immedi 
ately produced from the producer well provides an estimate of 
the treatment volume. 

0064 Difference in Bottom Hole Pressure between the 
injector and producer wells. Estimation of the connectivity of 
the injector and producer is possible if there is a differential 
pressure gradient between the bottom hole pressures of the 
injector and the producer wells (on the same datum). A num 
ber of assumptions are made: 1.) all of the injected fluid is 
entering the high permeability Zone (wormhole) at the injec 
tor well, 2.) the Zone (wormhole) is configured in a roughly 
cylindrically shaped form with areas that permit the drive 
fluid to bleed into the surrounding formation (like a leaky drip 
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hose), 3.) the Zone (cylindrical shape) is divided into multiple 
sections for calculation of friction loss for flow within the 
Zone: 4.) the leak-off of each section is proportional to the 
pressure difference between the reservoir pressure and the 
pressure in the section of the Zone, 5.) the flow regime for each 
section is determined by the Reynolds Number, 6.) the pres 
Sure drop across each segment of the wormhole is calculated 
for the average parameters of that section, and 7) the fraction 
of tracer which is produced by the producer is the fraction of 
injection water immediately breaking through. By making 
these assumptions and using standard calculations, it is pos 
sible to determine an estimate of the equivalent diameter of 
the Zone that matches the actual injection and production data 
and thereby obtain an estimate of the equivalent volume of the 
Zone (wormhole) between the injector and producer. 
0065. A comparison of the two calculations (from tracer 
testing and differences in bottom hole injection pressure as 
described above) of the Zone size provides guidance for sizing 
the treatment. 

0.066 Interference Testing. This is a known reservoir 
analysis that injects water into the injection well and then the 
pressure response in the producer is monitored. Pressure 
interference testing is described generally by John Lee in his 
book Well Testing, Chapter 6, pps. 89-99 (1982 Soc. Of Pet. 
Eng., AIME). This test is preferably performed when the 
producer is shut in. The injector is pulsed (a period of injec 
tion followed by a shut-in period) and the resulting change of 
reservoir pressure is monitored in the producer well. Usually, 
the compressibility of the system is calculated assuming that 
it is nearly equal to the compressibility of water at 3e-6 
Vol/vol/psi. By assuming that the pressure is transmitted Sub 
stantially in the water phase and that the compressibility of 
the water is 3e-6 vol/vol/psi, the effective permeability 
between the injector and the producer and the distance that the 
pressure is being transmitted through reservoir matrix can be 
determined by known calculations. Generally, wells where 
the injector is holding injection pressure will have a calcu 
lated distance for the pressure wave traveling through the 
reservoir rock which is close to the interwell distance. How 
ever, on many wells, the distance of the pressure wave being 
transmitted through the reservoir will be considerably less. 
This analysis gives two pieces of data: 
0067. First, the severity of the MBE (i.e. the KH measured 
on the Interference Test is greater than what is through to the 
KH of the reservoir). 
0068. Second, the length that the pressure wave is travel 
ing through reservoir matrix. When the matrix flow distance 
is less than the interwell distance, it is assumed that the 
pressure wave is flowing through a Void in a wormhole or 
MBE and/or a fracture induced by the injector well. 
0069 Fracture Length Determination. Formulations for 
predictions of hydraulic fracture lengths as reported in an 
article by Slevinsky, A Model for Analysis of Injection Well 
Thermal Fractures' SPE 77568 (Annual Technical Confer 
ence & Exhibition, San Antonio, Tex. 29 Sep.-2 Oct. 2002), 
Suggests evaluations for the Upper and Lower Limit Fracture 
Length according to equations as more fully described in the 
article: 

L 25.087 tuq 
Upper - 4.''' WFK. H2Ap 
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-continued 

puC2 
Low = 25.087, tfKH2AP 

where: 
L fracture length in meters (m); 
q fluid injection rate (assumed constant) in m/day; 
t-time of injection in days; 
H=fracture height in m: 

AP Photomhole 
0070 L injection fluid viscosity in centipoise (cp); 
F-damage factor due to plugging (k/k); 
k=formation permeability to injected fluid in millidarcies 
(md); and 
Q-cumulative production in m. 
0071. The F is the damage factor, while other parameters 
in the equations are discussed and defined in the Slevinsky 
article. Typically analysis of the injection data shows the 
growth of a fracture to a certain distance and thereafter growth 
of the fracture ends. Usually the decline or halt in growth of a 
fracture is often associated with an increased water produc 
tion rate and/or water cut on an offset production well. By 
changing the value of the F, it is possible to match the inter 
well distance between the injector and the producer that has 
stopped the fracture growth. 
0072. In reality it is believed (without wishing to be bound 
to theory) that in waterflooding of viscous oil it is not a 
fracture that is created, but a finger of water in the viscous oil. 
The F in this case is not the damage factor for a fracture, but 
for the bleed off of water from the water finger into the 
viscous oil. When the finger of water reaches maximum 
growth, the well pair is a candidate for treatment. 
0073. Severity of the connection. An important factor in 
designing the appropriate treatment is evaluation whether the 
connection has a “void between the water injection well and 
the oil production well and also obtaining an estimate of the 
volume of the Zone to be treated as previously described. As 
part of the pre-treatment diagnostics, a cross-linked polymer 
gel pill may be injected in the well and the resulting bottom 
hole pressure signature then monitored. The pressure signa 
ture as the cross-linked gel tracer leaves the wellbore can give 
an indication of whether the flow outside of the casing is in 
reservoir matrix rock or within avoid which has been created 
within the reservoir. If the flow is in a void, the injection 
pressure will drop dramatically as the cross-linked polymer 
gel leaves the casing and penetrates into the formation. How 
ever, if the flow primarily occurs in the formation matrix, the 
gel will be sheared by the formation which will result in the 
pressure declining slowly, or perhaps increasing until the 
pressure starts to decline, with the pressure gradually declin 
ing as the pressure of the gel dissipates into the formation and 
away from the wellbore. 
0074 FIG. 1 is a graph of wellhead injection pressure (psi) 
and cumulative volume vs. time data which illustrates the 
foregoing analysis for an injection well (MPS-33SS) dis 
cussed in the Comparative Example which develops a pres 
Sure communication and associated high water to oil ratio and 
decline in hydrocarbon production. The injection data can be 
used to analyze whether a high permeability Zone has a Void 
space, and the tracer and bottom hole pressure difference 
between injector and producer can be used to quantify the 

P in KPascals (KPa): Aeservoir 
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treatment volume as previously described. From the left side 
of the page on FIG. 1, the first vertical dashed line shows the 
point at which a cross-linked polyacrylamide gel is initially 
injected into the well; the next vertical dashed line shows the 
point at which the gel has filled the well tubing (the tubing 
Volume being 22.4 bbls) and is at the perforations leading into 
the formation, and the third vertical dashed line shows the 
point at which the gel has passed through the perforations and 
into the formation (added tracer volume being 7.8 bbls). The 
curve associated with the diamond-shaped data points illus 
trates a pressure response in the event a void space exists 
within well MPS-33SS, while the dashed curve illustrates an 
anticipated pressure response that would be seen if there is a 
halo region and no void space. In this example, the actual data 
for the pressure curve indicates that the well has a high per 
meability Zone with a Void space therein. It is thus a candidate 
for treatment according to the invention. 

SPECIFIC EMBODIMENTS OF THE INVENTION 

0075. The present invention is illustrated by the Example 
and Comparative Example which follow hereinafter. 

Comparative Example 

Injection of Cementitious Material Only (TK2) 
0076. In this Comparative Example, treatment of a high 
permeability Zone is targeted at only filling what is believed to 
be the void space of a high permeability Zone. Two injector/ 
producer well pairs are identified as having catastrophic MBE 
related problems and likely candidates for remediation of the 
MBEs. The well pairs are MPS-33LS to MPS-25 in Field A 
and MPS-33SS to MPS-23 in Field B. Prior to treatment, the 
production wells have a water cut of nearly 100%. 
0077 According to a tracer test as described above, the 
injection time for a tracer from the injector well to the pro 
ducer well gives an indication of the volume of the tubing 
from the surface of the injection well to the perforations, and 
this assists with determining the amount of cementitious 
material to inject, as the Volume of the Void space associated 
with the MBE is relatively small. The tracer indicates a vol 
ume of about 23.1 bbls for MPS-33LS to MPS-25 and 42.3 
bbls between MPS-33SS to MPS-23, and when bleed-off of 
the injected water from the void is accounted for in both cases, 
the MBE calculates to be only about 11 bbls in volume. 
0078. A pillofa slurry of fast setting cementitious material 
(THERMATEK available from Halliburton Energy Ser 
vices Inc.) is used as a plugging composition and is injected 
into the Zone via the injection wells to seal the “void space. 
As the cement is heavier than water, a pill of a viscous gel 
(K-MAX gel with a viscosity of about 700 centipoise (cp) 
available from Halliburton Energy Services) is pumped both 
in front of and behind the cement to hold it in place for the 1-2 
hours as required for the cement to set. However, only 1 bbl of 
the Viscous gel is used to overdisplace the cement into the 
formation to minimize the possibility of displacing the 
cement out of the formation and into the producer well, and 
also 1 bbl of viscous gel is left in the wellbore to keep the fluid 
level from dropping after the job is finished and while the well 
is shut in to set the cementitious material. 
0079 Alternatively, fluids such as those used as a dis 
placement fluid as previously described, may be introduced in 
the wellbore to keep a hydrostatic column of fluid in the 
wellbore and thereby keep the fluid level from dropping dur 
ing the shut in period. In arctic environments, especially those 
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such as in Alaska, where freezing of water in the wellbore 
adjacent to permafrost areas is a potential problem, it is also 
advantageous to use a non-aqueous fluid for this purpose, or 
initially use water and then Switch to a non-aqueous fluid, 
Such as diesel fuel, to maintain the hydrostatic column while 
the plugging composition sets. 
0080. In the Comparative Example, the cement pill is also 
divided into two parts with a 1 bbl pill of the viscous gel 
pumped in between the two parts. This is done to insure that 
there is gel on both sides of the cement plug, so that the 
cement is held in place for the time required for the cement to 
set. The injection of these components of the treatment and 
placement of the resulting plugs is depicted in FIG. 2. 
0081. Thereafter the two well pairs are placed back into 
production mode. The results of this Comparative Example 
show that placement of the cement plugs remediated the 
pressure communication between the injector and producer 
pairs on a temporary basis with water cuts of from 50 to 70%, 
with MPS-33-SS lasting 39 days and MPS-33LS 50 days 
before water communication appears again. 
0082. The following Table 1 shows a summary of data for 

this Comparative Example. 

TABLE 1. 

Data for Comparative Example 
Treatment of MBE “void with THERMATEK (R) Cement 

Iniector: 

MPS-33SS MPS-33LS 
Producer: 

(MPS-23p) (MPS-25p)) 

XL Cross-Linked Gel Bbls 2.5 2.5 
Foamed Fast Setting Cement (TK1) Bbls 
Neat Fast Setting Cement (TK 1 & 2) Bbls 7.5 4.0 
XL Cross-Linked Gel (TK2) Bbls 1.O 1.O 
Neat Fast Setting Cement (TK2) Bbls 7.5 4.0 
XL Cross-Linked Gel Bbls 1.O 1.O 
Water Over Displacement Bbls O.O O.O 
Fluid Level Drop Bbls O.O O.O 
X-L Cross-Linked Gelleft Bbls 1.O 1.O 
in Wellbore 
Diagnostic of MBE Size: 

Pumped Vol (to show up at producer) Bbls 423 23.1 
Bleed Off Factor O.74 O.S3 
(Bbl Inj Water to Formation/Bbl. Inj.) 
MBE Volume Bbls 11.0 10.9 
Inj/Producer Distance Feet 925 1400 
Volume--Csg. to Fast Setting Bbls. 1.O 1.O 
Cement Plug 

0083 FIGS. 3 and 4 show the performance of the injectors 
before the MBE's occur, how the wells performance changes 
after the MBE occur, and how the wells perform after con 
ducting the procedure of the Comparative Example (TK2). 

Example 

Remediation of High Permeability Zone Using Com 
bined Cement and Gel Treatments 

0084. The procedure of the Comparative Example is sub 
stantially repeated to place the cement plugs into the Void 
space of the high permeability Zones within the two injector 
and producer well pairs. After treatment, the cement plugs are 
placed into the Zone substantially as depicted in FIG. 2. It is 
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believed that this step essentially plugs pressure communica 
tion between the injection wells and production wells through 
the void space of the Zone. 
I0085 While placement of the cement plugs results in 
Some Success, pressure communication between the injector 
and producer pairs appears again after a relatively short 
period of 39 and 50 days respectively for the two well pairs, as 
previously indicated in the Comparative Example. A red dye 
tracer test is again run on the injector and producer well pairs, 
together with pressure interference testing, which confirms 
the presence of what is believed to be an associated halo 
region which also provides a source of pressure communica 
tion. 
I0086 Thus, after placing the cement plugs, an additional 
step is conducted by injecting a gel precursor into the Zone 
that is directed toward plugging the associated halo region 
believed to exist within the Zone and adjacent to the former 
Void space now plugged by the cement plugs. A polyamide 
gel precursor H2ZEROR gel system obtained from Halli 
burton is used to place a polymer gel plug into the halo 
region after the polyamide gel precursor has set. Water is 
injected as a displacement fluid to overdisplace the gel pre 
cursor into the Zone and avoid potential interference of the 
resulting gel plug with the wellbore and Subsequent operation 
of the well. 
I0087. After treatment, the wells are placed back into pro 
duction mode, and the pressure communication is remediated 
with water cuts of from 50% to 70% that last for a year. 
10088 FIGS. 5-8 illustrate further embodiments of the 
present invention that show the various steps from an initial 
assessment of the formation problem (FIG.5), remediation of 
an MBE (in an up-dip orientation) as shown in FIG. 6, reme 
diation of its associated halo (FIG. 7), and finally return of the 
injector well back to normal injection mode (FIG. 8). 
I0089. Thus, the following procedure outlines an embodi 
ment of the invention which may be used to remediate pres 
Sure communication of a high permeability Zone comprised 
of both a Void space and halo region: 
(0090. Evaluate the severity of the MBE with: 
0091 Interference testing the injector and producer well 
pa1r 
0092. Determine KH of injector-producer well pair 
0093. Determine extent of matrix flow 
0094 Tracer test with water soluble tracer and a soluble 
compound (such as magnesium sulfate) to quantify the Vol 
ume of the Zone to be treated 
0.095 Determine injector-producer transit time and asso 
ciated injected Volumes, and also fraction of tracer which 
breaks through to the producer after a period of two days. 
(0096) Determine the difference in pressure between the 
injector well bottom hole pressure and the producer well 
bottom hole pressure to estimate volume of Zone to be treated. 
Compare to the volume estimate obtained by the tracer analy 
sis and adjust as needed. 
0097. Use transit times and associated volumes and the 
fraction of the tracer which breaks through, to size following 
stage treatment size 
0.098 Pump a cross-linked gel pill to: 
(0099. Determine volume of the tubing 
0100 Determine if void space is on the backside of the 
injector 
0101 Treatment Stage 1: Pump cementitious material pill 
to form a plug which blocks the Void space 
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0102 Repeat the diagnostics as set forth above to charac 
terize the halo region 
0103 Treatment Stage 2: Pump a gel precursor pill to 
place a gel plug to remediate the halo region 
0104 Overdisplace the gel precursor pill with displace 
ment fluid (water) to avoid interference and protect an ability 
to inject into the well after the treatment. 
0105 While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the 
claims that follow. 
What is claimed is: 
1. A method for remediation of a Zone within a subterra 

nean hydrocarbon-bearing formation to inhibit breakthrough 
of a driving fluid from a driving fluid injection well via the 
Zone into a production well, the Zone comprised of Void 
space, a halo region, or both due to production of hydrocar 
bons from the production well, the Zone thereby allowing for 
pressure communication between the injection well and the 
production well, which method comprises the steps of: 

injecting a plugging composition into the Zone, the plug 
ging composition comprising a slurry of a cementitious 
material capable of being pumped into the Zone; 

allowing the plugging composition to set in the Zone for a 
time Sufficient to form a cement plug therein to reduce 
flow communication of the driving fluid between the 
injection well and the production well through the Zone: 

injecting a gel precursor into the Zone; and 
allowing the gel precursor to set thereinfora time Sufficient 

to thereby form a plug comprised ofagel within the Zone 
to further reduce flow communication of the driving 
fluid between the injection well and the production well. 

2. The method of claim 1 wherein the plugging composi 
tion is injected into the Zone via the injection well, the pro 
duction well, or both. 

3. The method of claim 1 wherein the plugging composi 
tion is injected into the Zone via the injection well. 

4. The method of claim 1 further comprising injecting a 
displacement fluid into the Zone to overdisplace the gel pre 
cursor into the Zone. 

5. The method of claim 1 wherein the gel precursor is 
injected into the Zone via the injection well, the production 
well, or both. 

6. The method of claim 1 wherein the gel precursor is 
injected into the Zone via the injection well. 

7. The method of claim 4 wherein the displacement fluid is 
selected from water, alcohols, fuel oil or crude oil. 

8. The method of claim 4 wherein the displacement fluid is 
Water. 

9. The method of claim 1 wherein the gel precursor yields 
a chemical gel. 

10. The method of claim 1 wherein the gel precursoryields 
a polymer gel. 

11. The method of claim 10 wherein the polymer gel is a 
polyamide. 

12. The method of claim 10 wherein the polymer gel is a gel 
obtained from use of a H2ZERO gel precursor. 

13. The method of claim 10 wherein the polymer gelcom 
prises a polyacrylamide. 

14. The method of claim 10 wherein the polymer gelcom 
prises a cross-linked polyacrylamide. 

15. The method of claim 14 wherein the polymer gel is 
cross-linked with chromium acetate. 
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16. The method of claim 10 wherein the polymer gel is 
selected from a MARCITR or MARA-SEAL(R) gel. 

17. The method of claim 10 wherein the gel precursor has 
a viscosity of from 20 to 100 centipoise (cp). 

18. The method of claim 10 wherein the gel precursor has 
a viscosity of from 30 to 60 centipoise (cp). 

19. The method of claim 1 wherein the slurry is an aqueous 
slurry. 

20. The method of claim 1 wherein the cementitious mate 
rial is comprised of magnesium oxide. 

21. The method of claim 1 wherein the cementitious mate 
rial is comprised of magnesium oxychloride. 

22. The method of claim 21 wherein the slurry comprises 
from 30 to 70% by weight of magnesium oxychloride and 70 
to 30% by weight water. 

23. The method of claim 21 wherein the cementitious 
material is THERMATEKR powder. 

24. The method of claim 1 wherein the driving fluid is 
Water. 

25. The method of claim 1 wherein the Zone is comprised 
of a wormhole resulting from a cold production process. 

26. The method of claim 1 wherein the cold production 
process is a CHOPS process. 

27. A method for remediation of a Zone within a subterra 
nean formation bearing heavy/viscous oil to inhibit break 
through of water from a water injection well via the Zone into 
a production well, the Zone comprised of a Void space, a halo 
region, or both, within the Zone due to production of the 
heavy/viscous oil through the production well, the Zone 
thereby allowing for pressure communication between the 
injection well and the production well, which method com 
prises the steps of 

injecting a plugging composition into the Zone via the 
injection well, the plugging composition comprising a 
slurry of a cementitious material capable of being 
pumped into the Zone; 

allowing the plugging composition to set in the Zone for a 
time Sufficient to form a cement plug therein to reduce 
flow communication of water between the injection well 
and the production well through the Zone; 

injecting a polymer gel precursor into the Zone via the 
injection well; 

injecting a displacement fluid into the Zone via the injec 
tion well to overdisplace the polymer gel precursor into 
the Zone; and 

allowing the polymer gel precursor to set for a time suffi 
cient to thereby form a plug comprised of the polymer 
gel within the Zone to further reduce flow communica 
tion of water between the injection well and the produc 
tion well. 

28. The method of claim 27 wherein the displacement fluid 
is selected from water, alcohols, fuel oil or crude oil. 

29. The method of claim 27 wherein the displacement fluid 
is water. 

30. The method of claim 27 wherein the polymer gelcom 
prises a polyamide. 

31. The method of claim 27 wherein the polymer gelcom 
prises a gel obtained from a H2ZERO gel precursor. 

32. The method of claim 27 wherein the polymer gelcom 
prises a polyacrylamide. 

33. The method of claim 27 wherein the polymer gel is 
selected from a MARCITR or MARA-SEAL(R) gel. 

34. The method of claim 27 wherein the gel precursor has 
a viscosity of from 30 to 60 centipoise (cp). 
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35. The method of claim 27 wherein the slurry is an aque 
ous slurry. 

36. The method of claim 27 wherein the cementitious 
material is comprised of magnesium oxychloride. 

37. The method of claim 36 wherein the slurry comprises 
from 30 to 70% by weight of magnesium oxychloride and 
from 70 to 30% by weight water. 

Feb. 3, 2011 

38. The method of claim 27 wherein the cementitious 
material is THERMATEKR powder. 

39. The method of claim 27 wherein the Zone is comprised 
of a wormhole resulting from a cold production process. 

40. The method of claim 27 wherein the cold production 
process is a CHOPS process. 

c c c c c 


