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HES 99033701
METHODS OF REDUCING
SUBTERRANEAN FORMATION WATER FERMEABRILITY
Background of the Inveution .

L. Field of the Iavention.

The present invention relates © methods of tweating & water 2nd hydeocarbon
producing subterrancan formation to reduce the water permeability thereof without
substantially roducing the bydrocarbon pormeability theecof.

& Description of the Priax Art.

The production of water with hydrocarbons, ie., 0il and/or gas, from wells
constituies & major problem and expense in the production of the kydrocarbons. While
hydrocartbon producing wells are wsuelly completod in hydrocarbon producing
formations, when the formations contain isyers of water and oil or when there are water
producing 20ues near the hydrocarbon producing formations, the bigher mobility of the
water ofien aliows it o flow into the welibores which penetrate the hydrocarbon
producing formations by way of netural fractures aadior high permesbility streaks. In the
production of such wells, the ratios of water %0 ydrocarbons recovered often become so
high thet the cost of producing the water, separsting it fom the hydrooarbons and
disposing of it represents & significant economic loss,

In order 1o reduce the production of undesicod water from hydrocarbon producing
formations, aqueous polymer solutions containing cross-linking agents have been utilized
beretofore. In the case of naturally fractured formations such aquoous polymer solutions
have been pumped into the hydrocarbon producing formations so that they enter water
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zones within and adjacent to the formetons and aross-link therein. The cross-linking of
the polymer solutions causes them to form stiff gels winch md 1n stopping or reducang the
flow of the mdemred water Whale the usc of aqueous polymer solutions for reducing the
Mmdudmdmhuﬂmmmdomofmﬁfuubm
g:llpmdunndmnntlmubleformdum;mmm&.pdym
solution can be placed solely 1n the offending water producing zone or zones theremn, If a
polymer solution 12 atlowed to gel within a hydrocarbon producing zone, the cross-hnked
polymer gel formed will reduce or stop the flow of hydrocarbons 11 addition to the flow
of water The selectod placement of a polymer solution m & producing formation requures
expensive, time-consuming zonal isolation placement technology In addion, even
when a polymer solution 1s propezly placed 1 a water producing zone, the cross-linked
gols formed often do not remmn stable m the zone due to thermal degradstion and/or
thfferences 1 the adsorphion charactenstcs of the polymer and associated cross-linker
and the ike.

More recently, chamicals referred to as relative permeabnity modafiers have boen
utilized to decrease the produchon of water with hydrocarbons That 1s, waier
permeability modifying chemicals such as polyacrylamide have been introduced into
hydrocarbon and water producing formations so that the chemicals attach to adsorption
ntes on surfaces withun the porosity of the formations. The presence of the chemcals n
the formations has the effect of reducing the flow of water through the formations while
having a mummal affect on the flow of hydrocarbons therethrough. The use of water
permeabihity modifying chemicals m hydrocarbon and water producing formations to
decreaso the production of water 18 considerubly less expenmve than other techmques
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such as blocking the flow of water with cross-linked polymers, and does not require
expensive zonal 1solation techmques. However, the use of suxch hydrophilic water
permeainiity modifymng chemicals, 6.g., polyacrylarmdes, have heretofore resulted mn only
small reductions 1 water prodoction snd/or unscceptable levels of reduction m
hycrocarbon production. '

Thus, thoro aro needs for improved methods of treating water and hydrocarbon
producing subterraneen formahons uthhzing water permeabihty modifying chemicals
which are moro effective in reducing water production wath mmmimal or no reduction in
hydrocarbon production.

Summary of the Invention

The present mvention provides mmproved methods of treatng water and
hydrocarbon producing subterrancan formations to reduce the flow of water through the
formations while having & munimal affect on the flow of hydrocarbons therethrough
which meet the needs descnbed above and overcome the deficiencies of the prior art.
The improved methods basically comprise the step of introducing mto a hydrocarbon and
water producing formation a water flow remsting chemical compnised of a polymer made
fram a combination of at least one hydrophlic monomer and at lesst one hydrophobscally
modified hydrophilic monomer The water flow remsting chemical sttaches to adsorption
mtes on surfaces within the porosity of the formation and reduces the water permeability
thereof without substantially reducing the hydrocarbon permeabltty thereof

Examples of particularly swtable water flow resmsting polymers usaful
accordance with this invention melude, but are not lmmted to, an

scrylamde/octadecy!dimethylammoniumethyl methacrylate bromude copolymer, a
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dunethylammoethyl methecrylate/vinyl pyrrahidons/hexadecyldimethylemmonmumethyl
mothacrylate bromudo terpolymer and an acrylamude/2-scrylemido-2-methyl propane
sulfome ac1d/2-cthylhexyl methacryiats texpolymer These and other polymers which can
be uhlized preferably have a2 molecular weight 1n the range of from about 100,000 to
sbout 10,000,000 Fmihﬂthemolemoofthehydrophilhmmu(s;mthc
hydrophobecally modified hydrophuhc menomer(s) 1n the polymers 1s profeably 1n the
renge of from about 99 98 0 02 to about 90 10.

The polymer utilized can be mntroduced mto the formation to be treated m an
aqueous carner hqud solution and overflushed with a2 water compatible with the
formation. After the formation 13 contacted with the solution and the polymer has
sttached to surfaces withm the porosity of the formation, a secondary overfiush of a
hydrocarbon such as diesel o1l (or 2 ges 1 the case of a hydrocarbon gas producing
formation) 13 preferably miroduced theremn to faciiate the subsequent production of
hydrocarbons thersthrough

It 18, therefore, a general object of the present mvenhion to provide improved
methods of reducing subterranean formation water permesbility

Other and firther objects, features and advantages of the present invention wall be

readily apparent to thoso skilled mn the art upon a reading of the descriphon of preferred
embodiments which follows.

Deseription of Preferred Embodimeants
The present nvenhon provides mmproved methods of treahng water and
hydrocarbon producing subterranean formations to reduce the water permesbulrty of the
formation wrthout substantially reducmng the hydrocarbon permesbility The term
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“water™ when used m reforence to the water produced with hydrocarbons from
subterransen formations includes salt water and brines.

The methods of this mnvention basically compnse the step of introducing nto the
formation a water flow remsting chemical comprised of a polymer made from a
combmlnonofulustomhydmphlwmmummdlthﬂtmhydmp;mhuny
modified hydrophilic monomer which attaches to adsorption mtes on surfaces within the
poromity of the formaton. The presence of the polymer 1n the formation reduces the flow
of water therethrough.

The polymers useful 1n accordance with this mvenhon can be prepared from a
vanety of hydrophilic monomers and hydrophobically modified hydrophilic monomers.
Examples of particularly smtable hydrophilic monomers winch can be utthized 1nciude,
but are not hmited to, acrylanude, 2-acrylamido-2-methyl propane sulfonic acid, N,N-
dumethylacrylarmde, vinyl pyrrolidone, dimethylanmunoethyl methacrylate, acrybc acid,
timethylaminopropylmethacrylamude, tnmethylemmonrumethyl methacrylate chlonde,
methacrylamide and hydroxyethyl acrylate Of these, acrylamide, 2-acrylamido-2-methyl
propane sulfonic scid, scrylic acd, dimethylaminoetityl methacrylate and vinyl
pyrolidene are preferred.

A venety of hydrophobically modified hydrophilic monomers can slso be utihzed
to form the polymers useful in accordance with this mvention. Particularly surtable
hydrophobically modified hydrophilic monomers include, but are not himsted to, alkyl
acrylates, alkyl methacrylates, alkyl acrylamides and alkyl methacrylanudes wherein the
alkyl radicals have from about 4 to about 22 carbon atoms, alkyl
dimethylammonemethyl methacrylate bromude, alkyl dimethylammonmumethyl
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methacrylate chlonde and alkyl dimethylammonumethyl methacrylate jodide wherem
the alkyl radwcals have from sbout 4 to about 22 carbon atoms and elkyl
dimethylsmmonum-propyimethacrylamide  bromuds, alkyl  dimethylammomum
propylmethacrylamide chlonde and alkyl dimethylammonium-propylmethacrylamde
10dide wherem the alkyl groups have from about 4 to sbout 22 carbon sioms. Of these,
octadecyldmethylammomumethyl methacrylste hromide,  heoadecyldumethyl-
ammontumethyl  methacrylate  bromide,  hexadecyldimethylammonrampropyi
methacrylamide bromide, 2-cthylhexyl methacrylate and hexadecyl methacrylamude are
preferred.

Polymers which are usefil 1n sccordance with the present mvention can be
propered by polymermzing any one or more of the hydrophihic monomers with any one or
more of the hydrophobically modified hydrophilic monomers While the polymenzation
reachion can be performed ;m vanous ways, sn example of a perticularly sntable
procedure for polymerizing water soluble monomers 18 as follows. Into a 250 mL-3 neck
round bottom flask, charge the following 47 7 g DI water, 1 1 g acrylamide and 0.38 g
alkyl dimethylammontumethyl methacrylate bromude. The soluton formed 15 sparged
with mitrogen for approximately 30 munntes, followed by the addition of 0 0127 g of 2,2"-
azobis (2-amudimopropane) dihydrochionde The resultmg solution 18 then heated, with
stmng, to 110°F and heid for 18 hours to produce a highly viscous polymer solution.

When the hydrophobically modified hydrophilic monomer 13 not water soluble,
¢.g8., octadecylmethacrylate, the following procedure can be utiized. Into a 250 mL-3
neck round bottom flask, charge the followmg: 41.2 g DI water and 1 26 g acrylamude.
The solution formed 13 sparged with mitrogen for approxamately 30 minutes, followed by

£t
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the addition of 0.06 g of octedecyl methacrylate and 0 45 g of a cocomrmdopropyl betmine
surfactant. The mixture 13 stured unhil a homogeneous, clear solution 13 obtaned
followed by the addition of 0 0055 g of 2,2"-azolus (2-amudimopropane) diydrochlonde.
The resuiting solntion is thea heated, with shyrmg, to 110°F and held for 18 hours to
produce & hghly viscous polymer sofution. :

In sddibon, the polymenzation procedure may employ s hydrocarbon reaction
medium mstead of water In this case, appropnate surfactants are used to emulsify the
hydroplic/hydrophoinc monomers, end the product s obtmned as an oil external/water
ntemnal emulsion.

Swustable polymers propared as described above have estimated molecular weights
in the range of from about 250,000 to about 3,000,000 and have mole mtios of the
hydrophilic monomer(s) to the hydrophobucally modified hydroplulic menomer(s) m the
range of from about 99 98 0 02 to about 90 10 Particularly suitable polymers havmg
molecular weights and mole ratics n the ranges set forth above include, but are not
hmted fo, en acrylamdo/octadecyldimethylammonmumetryl methacrylste bromde
copolymer, a dimethylarmnoethyl methacrylate/hexadecyldimethylammomumethyl
methacrylate bromude copolymer, a dimethylammoethyl methacrylate/vinyl
pyrrolidone/hexadecyldimethylammomurnethyl methacryiate bromide terpolymer and an
scrylamide/2-acrylsmudo-2-methy] propane sulfonic scid2-cthylhexyl methacrylate
terpolymer Of these, an acrylamide/octadecy] dimethylammomumethyl methacrylate
bromide copolymer having a mole ratio of hydrophilic monomer to hydrophobically
modified hydrophilic monomer of 964 15 presently preferred.
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An 1mproved method of this mvention for tresting a water and hydrocarbon
producing subterrancan formation to reduce the water permeabilrty thereof wathout
substanhally reducing the hydrocarbon permeabnlity thereof 18 compeised of the followmg
steps A polymer of at least one hydrophulic monomer and at least one hydrophobically
Mﬁdwmhmm:mﬂmhrwghtmdn.mof
from about 100,000 to sbout 10,000,000 and having a mole mtio of hydrophlic
monomer(s) to hydrophobically modified hydrophilic monomer(s) 1n the range of from
about 9998002 to ahout 9010 Thereafter, the polymer 1s infroduced into the
subterrenean formation to be treated so that the polymer sttaches to adsorption sites on
surfaces wrthin the poromty of the formation.

In carrymg out the sbove described method, the polymer 18 preferably dissolved
in an aqueous camer ligmd and the resulting sclution contarming the polymer 18
mtroduced into the formation. The aqueous camer hiquid can be fresh water, scawster, or
an aqueous salt solution. The aqueous carrter iquid 18 preferably an aqueous salt solution
containing one or more aalts in an amount m the range of fram about 2% to about 10% by
weight of the solution. A vanety of salts can be unlized mn the aqueous solution such as
potassivm chlonde, sodwum chlonide, emmonium chlonde and calcum chlondes.

In order to facilitate the flow of the carrier hquud solution contaung the polymer
1nto the formation bemng treated, a surfactant can be meluded m the camer fluid solution.
While a vanety of surfactants can be used, a presently preferred mufactant 18
cocoylamidopropylbetaine. When used, the surfactant 15 included m the carner hiquid
solution 1n an amount 1n the range of from about 0 10% to about 2.0% by weight of the

solubon, more preferably 1n an amount 1n the range of from about 0 5% to about 1%.

$
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After the trestment described above whereby the polymer uhlized 1s adsorbed
onto the formstion surfaces, an after-flush of a hydrocarbon liquid such as kerosene,
diesel 01l or crude o1l or a hydrocarbon or inert gas such as methane and natural gas or
pitrogen (when the formation produces gas) can be introduced mto the formation
Althongh 1t s not required s order for the polymer 10 be effectrve, the hydrocarbon
hquid or gas after-flush in the formation facilrtates the subsequent flow of hydrocarbons
through the formaton.

In onder to further 1llustrate the methods of the present mvenhon, the following
examples are given.

Example 1

Venous cahonic hydrophobically madified hydrophilic monomers were prepared
mn accordance with the procedures descnbed above by reacting dimethylammoethvl
methacrylate with hexadecyl bromide, octadecyl brommde and 1-bromodocosane (behenyl
brommde) to produce hexadecyl, octadecyl and behenyl dimethylammomum-ethyl
methacrylate broomde. Vanous molo percentages of the hydrophobically modified
hydropinlic monomers and acrylamide were then reacted to produce copolymers having
estimated molecular weights 1n the range of from about 250,000 to about 3,000,000 In
addibon, a non-1omc hydrophobic monamer, 1.e., octadecylmethacrylate was dissolved m
an agqueous solution contmning a suitable murfactant and copolymenzed with acrylamide
as descnbed above. The vanous copolymers produced are described n TABLE I below

For companson purposes, polymcrylamude and two commercially avamlable
polyacrylamide polymers of known molecular weight, 1 ¢ , “ALCOFLOOD 2458™" and
“ALCOFLOOD 9357 are included in TABLE I

SN
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TARLE Y
Copolynters Teated
Polymer or . Copolvmer Descrigtion Mole % Ratlo
Copolymer Hydrophilic Hydrophalncally Modified Hydrophilic Hydrophobically Modified Viscoatty’
Number Monomer  Hydrophulic Monomer Monomer, % ‘Hydrophilis Monomsr, % [
1 (Control - polyscrylamids) . - 57
1(w) “ALCOFLOOD 2459m! - - 18
1(b) “ALOOFLOOD 935me~! - - 2
2 acrylamxde / hexadecyl dimethylammeonium 98 2 -
othy fromide
3 acrylmsvide / haxadecyl dimethyfammonium 9 1 -
bromide
4 scrylamide / ottadecyl dimetirylammicarm 97 3 -
‘bromide
5 acrylamude / octadecyl dimethylammonnon 9% 2 -
bromide
6 acrylamide / octadecyl dimetrylsmmeonium % 1 -
ethylmethacrylate brcmide
7 acrylemide / octadecy! dimattyylammennon 9.5 0s -
8 scrylamide / beheny] dmmethylammoninm 9998 002 .
ethylmethacrylate bromde
9 scrylamide / octadecy! methacryiate 99 1 -
10 scrylamide / octadecyl dimuthylammonmum 98 2 -
bromide
n acrylamide / octadecy] dimethylammonium % 1 -
bromude
12 acrylamds / headecy! dmmcthylsmmonium 96 4 .
bromide
13 scrylumde / haxadecyl dimethylammonrum 95 5 -
bromude
14 acrytamide / octadecyl dimetirylsmmonium 97 3 -
broende
15 acrylanude / octadesyl dimethylammonmm 96 4 -
bromide .

V=1 COFLOOD 245S™* Is commercially available ftom Ciba Speeslty Chemicals of Suffolk, Virgmia, and has a molecular wesght of 500,000

3uA] COFLOOD 935™" |5 commercislly avallsble from Ciba Specialty Chamicals of Suffolkc, Virginis, and hias 8 molecular weight of 5 to 6 mullion.

3 The viscontics wero run st 0.4% active polymer by wesght m a €% by weight aquaous Ne('l solution using a Brookficld LVT viscometer with & UL
adaptor st 12 rpm for “ALCOFLOGD 935™" and at 60 rpn for Polymer No. 1 and "ALCOFLOOD 2458

i
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A mult-pressure tap Hassler sleeve contunmg a Berea sandstops core was
utiized to determine the water permeability reduchon produced by the various
copolymers described 1n Table . The permeshility reduchon tests were run at a
temperature of 175°F utlizing a bnne contmmng 9% by weight sodium chloride and 1%
by weght calcum chloride. )

The following procedure was utihized for a first series of tests, the results of whech
are shown in Table IT below The above described brine wes flowed through the Berea
core unhl the pressure stabihzed, yielding an iutal permeability The polymer oc
copalymer tested was dissolved 1n the above described brne 1n an amount of 2,000 parts
per million, and 100 milhitters of the trestment soluhon comtarmng the polymer ar
copolymer was flowed into the core and overflushed through the core with 100 mulhirters
of the above described brine, both of which were flowed 1n the opposite direction to the
mrtial bnne flow The brme flow was then resumed 1n the original direction until the
pressure agmn stabihzed and final permeability was calculated. The percent brne
permeabihity reduction was calculated using the formmla [1-(final permeability/imtial
permeability)] x 100 The multi-tap Hassler sleeve allowed the core permeability to be
divided nto four segments In the tests, the 1mbal brne fiow weas from segment 1
through segment 4 The treatment soluhon and displacement bnne flow were from
segment 4 through scgment 1, and the final brine flow was from segment 1 through
segment 4 The imtial and final permeallities were calculated for the muddle two
segments, 1.6, segments 2 snd 3  The results of the tests are set forth 1n Table I1 below

11
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TABLE I
Permeabllity Reduction In Berea Sandstone At 175°
Polymer or % Bnine Permeshility % Brine Permeability
Copolymer No Reduction - Segment 2 Reduction - Segment 3
1 (Control) 38 20
2 33 s3 °
3 3s 35
4 30 43
5 43 52
6 48 65
7 10 42
8 60 60
9

45 35

From Table 1I, it can be seen that the copolymers of this mvention produced
greater brine reduction than polymer No 1 (unmodified polyacrylamide)

Example 2

The tests described m Example 1 wore repested except that a different flow
sequence was Utilized to sirmulate & subterrancan zone which imtally produced o1l but
later “watered out,” re., produced only brine but snil had residual o1l trapped therein.
This scenano was simulated by flowing a sequence of brine and o1l (kerosene) through
the core. In a first sct of tests, the sequence was first brine, then oil, then brine, then o1,
then brine, then the treatment solution and then bnne. The third bnine flow was used to
calculate the imtial permeability to bnne at resdual ol conditions This permeability was
used along with the parmeality calculated after the final brine flow to deternmne the
percent brine permeability reduction To determine the impact of thermal degradation,
followang the final brine flow, some testing was performed wheye the core was shut-in st

12
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temperature over night and flow was resumed the next day  The bnine peymeainlity was
determuned after the shutan.

Another series of tests were run to amniste what heppens if the trestment soluhon
enters an oil-producing zone contnnng remdual water  These tests were conducted with
nﬂwmofuﬁrﬂhmﬂow.thmmoﬂﬂm.ﬁmnmmdhmeﬂn;.ﬂmna
second o1l flow, then the treatmant solution flow followed by a thurd oil flow The
second o1l flow was used to calculate the imtial o1) permeabihiy and the last oil flow was
used to determune the permeabibty to oil after treatment, The perceat o1l permeability
reduction was determmed 1 the same manner as descnbed above for detarmumng the

percent brine permeahlity reduction. The results of these tests are given i Table Il
below

TABLE Il
Permeability Reduction I Beres Sandstoas At 175°F

Permesbhihty Permanbility
Polymer % Brine % Brins Redvction -  Reduchon % Oft % Ol

or Pernosbildy Permabllity Segmamt2 Segment3 Pomeabihty Pomeabiluy
Copolymer Redoction-  Reduction - 24 Hoar 24 Howr Raduction- Reduction -

No Segent 2 wa Shot-ln Sht-m Sagment 2 Sc!r_n-ts
1 (Control) -] 45 63 =30 -
k] 45 53 - -10 )]
4 55 72 - - 20 10
5 45 70 - - =50 -40
10 33 5 3s 50 - -
1 55 75 - -

From Table I, 1t can be seen that the copolymers of this invention functioned to
increase the brne permeabibty reduction as compared to polymer No 1
{polyscrylamide)

13
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It can also be seen that polymer No. 1 (polyscrylazmde) lost effectiveness after 24
hours. In companson, copolymer No 10 retaned its effectivencss afier the 24 hour shut-
. The percent o1 permeability reduction numbers were negatrve indicating increased
o1l permeabibty after the treatment.

Example 3
The tests described m Examples | and 2 (with the exception of the oil
permesbility reduction tests of Example 2) were repeated except that a different flow
sequence was utilized. That 18, the flow sequence wes first bnne, then o1l, then bnne.
Tho sccond brine flow was used to celculate the mial permeainlity to brine under
resudusl o1l conditions. The treatment solution was then flowed through the core and
overflushed through the core with 100 mufliliters of brine which was followed by 25
millihters of o1l (kerosene). Following the trestment and overflush stages, brine flow was
agam siabilized through the core 1 the ongnal direchion. The percent brine permesability
reduction 1n segments 2 and 3 before and after 8 24 hour sbut-in were calculated The

results of these tests are given 1 Table IV below

TABLEIV
Permeabllity Reduction In Berea Saudstons At 175°F
% Brine % Brinc
Permeability Permeability
Polymer % Bnne % Brine Reduction - Reduction -
Pearmeability Permeability Segment 2 Segment 3
Copolymer Reduction - Reduction - 24 Hour 24 Hour
Segment 2 Segment 3 Shut-in Shut-in
1 40 63 0 17
12 42 68 2 &0
13 65 85 55 B0
10 T2 78 58 68
14 65 82 43 74
15 78 £} 76 83

14
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From Teble IV, it can be scen that the contral polymcrylamide lost its
cffoctiveness after the 24 hour siutin, The copolymers of the present invention
produced higher levels of brine panneability reduction and maintamed their effectiveness
after the 24 hour shut-m.

Thus, the present mventon 18 well adepted 10 carry out the objeots and ettam the
ends and advantages mentioned as well as those which are inherent therein. While
numerous changes may be made by thoso skilled in the art, such changes are
encompassed wrthin the sparit of this invention as defined by the appended claims

What 1 claimed 13

15
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1 An mproved method of treatmg a water and hydrocarbon producing
subterrancan formation to reduce the water penmeability thereof compriamg utroducing
into seud formation a water Sow reaisting chomical comprised of a polymer of at least one
hydrophilic monomer and st lesst cne hydrophotneally modified hydrophilic monomer
which attaches to adsorption mtes on murfaces within the poromty of smd formatian and
reduces the water permeability thereof without substantislly redncing the hydrocarbon
permeabslity

2 The method of claim 1 wheremn ssd hydrophnlic monomer 18 sclected from
the group conmsting of acrylamde, 2-accylemuio-2-methyl propane sulfonic acid, N,N-
dunethylacrylamide, vinyl pyrrolidone, dimethylsminoothyl methacrylate, acrylic acid,
dimethylammopropylmethacrylamide, trimethylammonmumethyl methecrylate chloride,
methacrylamide and hydroxyethyl acrylste

3 The method of claim 1 wheren said hydrophobicslly modified hydrophulic
monomer 18 selected from the group conmsting of alkyl acrylates, alkyl methacrylates,
alkyl acrylamides and alkyl methacrylanides wherem the alkyl tadicals have from about
4 1o about 22 carbon atoms; alkyl dimethylsmmonumethyl methacrylate bromde, alkyl
dimethylammomumathyl methacrylate chlonde end alkyl dimethylammonmumethyl
methacrylate 1odide wheremn the alkyl radicals have from about 4 to about 22 carbon
atoms, and alkyl dimethylsmmonium propylmethacrylamude bromude, alkyt

16
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dimethylammonum propylmethacrylermde chlonide and alkyl dimethylammomum
propylmethacrylamids 10dide wheremn the alkyl groups have from about 4 to about 22
carbon atoms.

4  The method of clum | wheremn the male raho of smd hydrophihc

monomer to saud hydrophobically modified kydrophilic monomer in said polymer 18 m
the range of from about 99 98-0 02 to about 90 10

5 The method of clum 4 wherein smid polymear 18 selected from the group
consistmg of an acrylamide/octsdecyldimethylammoniumnethyl methacryiste bromade
copolymer, & dimethylsminocthyl methacrylata/hexadecylmethylammonrmumethyl
methacrylate bromude copolymer, a dimethylammoethyl methacrylate/fnmyl
pyrmolidone/hexadecyldimsthylammonumethyl methacrylste bromide terpolymer and an
acrylamide/2-scrylsmido-2-methyl propane sulfome acid/2-ethyihexyl methacrylste
terpolymer, said polymer having a molecular weight in the range of from about 100,000
to about 10,000,000

6  The method of claim 1 wherem said polymer 1 dissolved m an aqueous

camer hqmd

7 The method of clarm § wherein sasd aqueons camer liqud 12 an aquoous

salt solution

17
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8 The method of clam 7 wheremn said salt in said aqueous salt solution 1a
selected from the group conmsting of potassium chlonde, sodium chlonde, ammomum
chlonide and calcium chloride and 18 present in smd equeous salt solution in an amount m
the range of from about 2% to about 10% by weight of said solution.

9 The method of claim 6 wherein said agqueous camier iqmd solution firther
comprises & surfactant ciasolved therein.

10 The method of clam 9 wheren sud mofectnt s
cocoylamidopropyibetame present 1 an amount m the range of from about 0 1% to about
2% by weight of saxd carrier liqud soluhon,

11 The method of clmm 1 which firther compnises the step of mtroducmg &
hydrocarbon liquid or a gas mto smd formation after the introduction of said water flow
resusting chemical therein,

12  The method of claim 11 wherem saud liquid hydrocarbon s selected from
the group conmsting of kerosene, diesel oul and crude o1l

13 An improved method of treating & water and hydrocarbon producing
subterrancan formation to reduce the water permeabiity thercof without substantially

reducing the hydrocarbon permeatility thereof comprimng the steps of*
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(a) prepanng a polymer of st least one hydrophilie monomer and at least
one hydrophobically modified hydroplubc monomer having a molecular waight n the
range of from about 100,000 to sbout 10,000,000; and

(b) miroducing said polymer mto smd formstion so that smd polymer
attaches to adsorption aites on surfisces within the porosity of smd formatyon. )

14  The method of claun 13 wheremn smd hydropluhc monomer 13 selected
from the group conmstng of acrylamude, 2-acrylamido-2-methy! propene sulfome acid,
NN-dimethylacrylamude, vinyl pymolidone, dimethylamincethyl methacrylats, acrybc
acd, dumethylamnopropylmethacrylamide, tnmethylammomumethyl methacrylate
chloride, methacrylamude and hydroxyethyl acrylate

15 The method of claim 13 whermn smd hydrophobically modified
hydrophihic monomer 18 selected from the group consisting of alkyl acrylates, alkyl
methacrylates, alkyl acrylanmdes and alkyl methacrylamides wherein the alkyl radicals
have from about 4 to about 22 carbon atoms, alkyl dumethylammonmumethyl methacrylate
bromude, alkyl dimethylammonmumethyl methacrylate chlonde and alil
dimethylammonrumsthy] methacrylate 1odide wheren the alkyl radicals have from about
4 to about 22 carbon atoms, end alkyl dmethylammomum propylmethacrylenude
bromuds, alkyl dmmethylemmonium propylmethacrylamide chlonde and alkyl
dimethylammonum propyimethacrylamide 1odide wherein the alkyl groups have from
about 4 to about 22 carbon atoms.

19
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16. The method of clarm 13 wherein the mole rabo of smd hydrophulic
monomer to saxd hydrophobically modified hydrophuhic mopomer in amd polymer 18 1n
the range of from abowut 99.98 0.02 fo about 90 10

17 Themeﬁodofchml&whmmdpolymudmdﬁmt.hm
conmsting of an acrylennde/octadecyldimethylammomumethyl methacrylate bromude
copolymer, a dimethylsmunocthyl methacrylate/bexadecyldimethylammoniumethyi
mothacrylate brooude copolymar, & dmethylammnoethyl msthacrylate/vinyl
pymrolidone/hexadecyldimethylammontumethy] methacrylate bromude terpolymer and an
acrylamde/2-acrylamido-2-methyl propane sulfonic acul2-cthylhexyl methacrylate

terpolymer, smud polymer having a molecular weight in the range of from about 100,000
to about 10,000,000

18  The method of claim 13 wherein said polymer 13 dissolved 1n an equecus
carner hquid.

19  The method of claum 18 whereimn said aqueous carrer hiquud 13 an aqueous
mit solution.

20  The method of claim 19 wheremn smd salt n sud aqueous salt solution 1
selected from the group consisting of potassium chlonde, sodrum chlonde, ammonium
chlonde and calcrum chlonide and 18 present 1n sa1d aqueous salt solution i an amount 1n
the renge of from about 2% to about 10% by we:ght of said solutron,

20
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2]  The method of clarm 18 wheremn sud aqueons camer liqnd solution
farther compnses a surfactant dissolved theremn,

22, The method of clam 21 wherein saud surfactant s

mylmldopowlbehmmmmmmmtmthcmpofﬁnmmo.lﬁmm
2% by weight of sa1d carner hiquud solution,

23  The method of clamm 13 which further compnises the step of mtroducing a
hydrocarbon hquud or a gas into sud formstion after the mtrodochion of smd water fiow

rexisting chemical theremn.

24  The method of clum 23 wherein smd iquid hydrocarbon 15 selected from
the group conmsting of kerosene, diesel 01 and crude o1l

25 The method of clam 23 wherem smd gas 13 selected from the group
conmsting of a methane, natural gas and mtrogen.

21
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Abstract of the Disclosure
Improved methods of treating water and hydrocmrbon producing subterrancan
formations to reduce tho water permeability thereof are provided. The methods bamcally
compnse 1ntroducing mto the formation 8 water flow remsting chemiical which aftaches to
adsorption sites on surfaces within the porosity of the formetion and reduces the water
permeability thereof without substantally reducmg the hydrocarbon permeability thereof

The water flow resisting chemical 18 comprised of a polymer of at least ane hydrophilic
monomer and at loast cno hydrophobically modified hydropinkic monom

7
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