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METHODS AND COMPOSITIONS
FOR SEALING SUBTERRANEAN ZONES

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to methods and compositions for sealing subterranean

Zzones.

2. DESCRIPTION OF THE PRIOR ART

In the drilling of oil and gas wells using the rotary drilling method, drilling fluid is
circulated through the drill string and drill bit and then back to the surface by way of the well
bore being drilled. The drilling fluid maintains hydrostatic pressure on the subterranean
zones through which the well bore is drilled and circulates cuttings out of the well bore.
During such drilling, subterranean vugs, fractures and other thief zones are often encountered
whereby the drilling fluid circulation is lost and drilling operations must be terminated while
remedial steps are taken.

Heretofore, a variety of sealing compositions have been developed and used for
combating loss circulation. However, such sealing compositions have often been
unsuccessful due to overly delayed and inadequate viscosity development. The delay in
developing viscosity allows the sealing composition to be diluted and displaced into
subterranean producing zones into or near the lost circulation zone thereby damaging them.
Also, the heretofore utilized sealing compositions have been difficult or impossible to remove
from the subterranean producing zones into which they have penetrated. In order to prevent
damage to a producing zone in or near a lost circulation zone, the producing zone should be
sealed with a sealing composition that can subsequently be removed to prevent drilling fluid
damage to the producing zone.

Thus, there are needs for improved methods and compositions for sealing
subterranean zones that can be readily and substantially completely removed from the zones.

SUMMARY OF THE INVENTION

Improved subterranean zone sealing methods and compositions are provided by the

present invention which overcome the deficiencies of the prior art and meet the needs

described above. A method of this invention for sealing a subterranean zone having a
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temperature in the range from about 80°F to about 300°F to prevent the uncontrolled flow of
fluids into the zone is comprised of the following steps. A subterranean zone sealing
composition that becomes substantially rigid when exposed to subterranean zone
temperatures above about 80°F and has a pH above about 8.5 is provided comprised of water,
a substantially fully hydrated depolymerized polymer and a cross-linking agent for the
polymer. The sealing composition is introduced into the subterranean zone wherein it
becomes substantially rigid and seals the zone. When it is desirable to remove the sealing
composition from the subterranean zone, the sealing composition is contacted with a fluid
having a pH below about 8 when a boron compound is used as the cross-linking agent to
break the sealing composition.

The subterranean zone sealing compositions that become substantially rigid when
exposed to subterranean zone temperatures above about 80°F, that have a pH above about 8.5
and that can be removed by contact with a fluid having a pH below about 8 are basically
comprised of water, a substantially fully hydrated depolymerized polymer and a cross-linking
agent comprising a boron compound.

When a sealing composition of this invention is contacted with a fluid having a low
pH, the cross-links of the sealing composition are broken. The hydrated depolymerized
polymer remaining is of small molecular size, is readily resolubilized and flows out of the
subterranean zone with produced fluids.

The features and advantages of the present invention will be readily apparent to those

skilled in the art upon a reading of the description of preferred embodiments which follows.

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides improved methods and sealing compositions for
sealing a subterranean zone having a temperature in the range of from about 80°F to about
300°F to prevent the uncontrolled flow of fluids into the zone. A method of this invention is
comprised of the following steps. A subterranean zone sealing composition is provided that
becomes substantially rigid when exposed to subterranean zone temperatures above about
80°F and has a pH above about 8.5. The sealing composition is basically comprised of water,
a substantially fully hydrated depolymerized polymer and a cross-linking agent for the
polymer. The sealing composition is introduced into the subterranean zone to be sealed

wherein it becomes substantially rigid and seals the zone. When it is desired to remove the
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sealing composition from the subterranean zone, the sealing composition is contacted with a
fluid having a pH below about 8 when a boron source is used as the cross-linking agent.
Conventional oxidizers and enzymes may be used with other cross-linkers.

The water utilized in the sealing composition of this invention is selected from the
group consisting of fresh water and salt water. The term “salt water” is used herein to mean
unsaturated salt water and saturated salt water including brines and seawater. The water
utilized is included in the sealing composition in an amount in the range of from about 98%
to about 99.5% by weight of the sealing composition.

The substantially fully hydrated depolymerized polymers which are useful in
accordance with this invention are substantially fully hydrated depolymerized guar or
cellulose derivative polymers. Such substantially fully hydrated depolymerized polymers
may be manufactured using derivatization and depolymerization techniques known in the art
or as described in U.S. Patent Application Serial No. 60/297,345 entitled “Galactomannan
Compositions And Methods For Making And Using The Same” filed on June 11, 2001 by
Jesse Magallanes, Sylvain Diguet and William Stivers, or US patent 6,488,091, the entire
disclosures of which are incorporated herein by reference. In a preferred embodiment, the
depolymerized polymer is prepared by adding the polymer to be depolymerized to a reaction
vessel together with a quantity of hydrogen peroxide and water. The reactor vessel is heated
to an elevated temperature such as about 100°F to initiate the reaction if the ambient
temperature is insufficient to initiate the reaction. Once initiated the depolymerization
reaction is exothermic and the temperature of the reactor vessel generally should be
maintained in the range of from about 100°F to 200°F for a sufficient time for the polymer to
degrade to the desired molecular weight. Alternatively, the polymer may be formed from
lower molecular weight monomers that are polymerized until the desired molecular weight is
achieved. The hydratable polymer utilized for forming the short chained segments can be
substantially any polysaccharide and is preferably a guar or cellulose derivative polymer
selected from the group consisting of hydroxypropylguar, carboxymethylhydroxypropylguar,
carboxymethylguar, hydroxyethylguar, carboxymethylhydroxyethylguar,
hydroxyethylcellulose, hydroxyethylcellulose grafted with glycidol or vinyl phosphonic acid,
carboxymethylcellulose and carboxymethylhydroxyethylcellulose. Of these, depolymerized
hydroxypropylguar is preferred. The depolymerized polymer should have an average
molecular weight in the range of from about 25,000 to about 400,000 and preferably has an
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average molecular weight in the range of from about 100,000 to about 250,000. The
depolymerized polymer preferably should have a polydispersity ratio of from 1 to about 12 as
determined by gel permeation chromatography as disclosed in “PRACTICAL HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY” edited by C. F. Simpson (Hyden & Son
Ltd., 1976). The polydispersity ratio of polysaccharides or other polymers generalfy can
range from about 2 to as much as 250. The depolymerized polymer of the present invention
has been found to exhibit the superior properties identified herein when maintained within the
indicated polydispersity ratio. The depolymerized polymer is hydrated to form a
depolymerized fluid concentrate. If desired for purposes of transportation, storage or
otherwise, the depolymerized polymer may be stored in dry form and, when needed, may be
hydrated to form the treating fluid concentrate. The substantially fully hydrated
depolymerized polymer concentrate may be admixed with water whereby the polymer is
present in an amount of about 6% to an excess of about 30% by weight and most preferably
from about 6% to about 11% by weight of the concentrate. The viscosity of the treating fluid
concentrate may generally be in the range of from about 15,000 to an excess of about 35,000
centipoises as determined using a Brookfield DV II plus RV spring viscometer manufactured
by Brookfield Engineering Laboratories of Middleboro, MA. The viscosity is determined by
measurements performed at a temperature of about 75°F and a rotational speed of 20 rpm
vsing an LV3 Bob. Other similar instruments can also be vsed to measure the viscosity of the
fluid concentrate.

The water utilized to form the treating fluid concentrate can be fresh water or salt
water including sodium chloride or potassium chloride in an amount in the range of from
about 13% to about 20% by weight of the water, but not including divalent salts. Generally
the substantially fully hydrated depolymerized polymer utilized in the present invention is
mixed with the water in an amount in the range of from about 6% to about 30% by weight of
the water.

A variety of additives can be included in the concentrate of this invention at the time
of its manufacture. Such additives generally include pH adjusting compounds for adjusting
the pH of the treating fluid to an optimum or desired pH for cross-linking when it is formed
with the concentrate. Examples of such compounds which can be utilized include, but are not
limited to, sodium hydroxide, lithtum hydroxide, fumaric acid, formic acid, acidic acid, acidic

anhydride and hydrochloric acid. When used, the pH adjusting compound is included in the
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concentrate in an amount in the range of from about 0.05% to about 5% by weight of the
water therein.

A pH buffer can also be included in the concentrate. Examples of buffers which can
be used include, but are not limited to, sodium carbonate, sodium bicarbonate, potassium
bicarbonate, sodium diacetate, potassium diacetate, sodium phosphate, potassium phosphate,
sodium dihydrogen phosphate and potassium dihydrogen phosphate. When used, the buffer
is included in the concentrate in an amount in the range of from about 0.05% to about 15% by
weight of the water therein.

Another additive which can be included in the concentrate is a surfactant for
preventing the formation of emulsions between the sealing composition and subterranean
formation fluids. Examples of surfactants which can be used include, but are not limited to,
alkyl sulfonates, alkyl aryl sulfonates, dodecylbenzene sulfonic acid, alkyl
trimethylammonium chloride, branched alkyl ethoxylated alcohols, phenol-formaldehyde
non-ionic resin blends, cocobetaines, dioctyl sodium sulfosuccinate, imidazolines, alpha
olefin sulfonates, linear alkyl ethoxylated alcohols and trialkyl benzyl ammonium chloride.
Of these, dodecylbenzene sulfonic acids are preferred. When used, the surfactant is included
in the concentrate in an amount in the range of from about 0.01% to about 1% by weight of
the water therein.

Yet another additive which can be included in the concentrate is a clay stabilizer.
Examples of clay stabilizers which can be used include, but are not limited to, potassium
chloride, sodium chloride, ammonium chloride and tetramethylammonium chloride. Of
these, potassium chloride and tetramethylammonium chloride are preferred. When used, the
clay stabilizer is included in the concentrate in an amount in the range of from about 2% to
about 20% by weight of water therein.

When the concentrate containing the substantially fully hydrated depolymerized
polymer is mixed with additional water, if necessary, to form the sealing composition of this
invention, no hydration time is required since the concentrate is already substantially fully
hydrated. The additional water can be mixed with the concentrate in a water to concentrate
ratio in the range of from about 4:1 to about 20:1. Generally, additional water is added to the
concentrate whereby the water is present in the sealing composition in an amount in the range

of from about 97% to about 99% by weight of the composition.
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The substantially fully hydrated depolymerized polymer utilized in accordance with
this invention is preferably a substantially fully hydrated depolymerized guar or cellulose
derivative polymer. Examples of such polymers include, but are not limited to,
hydroxypropylguar, carboxymethylhydroxypropylguar, carboxymethylguar,
hydroxyethylguar,  carboxymethylhydroxyethylguar,  hydroxyethylcellulose,  grafied
hydroxyethylcellulose, carboxymethylcellulose and carboxymethylhydroxyethyl-cellulose.
Of these, a substantially fully hydrated depolymerized hydroxypropylguar is preferred. The
substantially fully hydrated depolymerized polymer is present in the sealing composition in
an amount in the range of from about 0.5% to about 2% by weight of the composition.

The cross-linking agent included in the sealing composition cross-links the
substantially fully hydrated depolymerized polymer in the sealing composition increasing its
viscosity and causes the sealing composition to be become substantially rigid at subterranean
zone temperatures in the range of from about 80°F to about 300°F. Examples of cross-
linking agents which can be utilized in accordance with this invention include, but are not
limited to, boron compounds, compounds that supply zirconium IV ions, compounds that
supply titanium IV ions, aluminum compounds, compounds that supply antimony
compounds, dehydrated boric acid and dehydrated sodium tetraborate. While the cross-
linking agent utilized can be encapsulated to delay the sealing compogition from becoming
highly viscous until it is placed in the subterranean zone 1o be sealed, dehydrated boric acid
and dehydrated sodium tetraborate are relatively slow in cross-linking the sealing
composition without being encapsulated. Generally, the dehydrated boric acid or sodium
tetraborate have cross-linking times in the range of from about 6 to 30 minutes. Of the
various cross-linking agents that can be utilized, dehydrated sodium tetraborate is preferred.
The cross-linking agent utilized is generally present in the sealing composition in an amount
in the range of from about 0.025% to about 0.1% by weight of the composition.

As mentioned above, after the sealing composition of this invention has been
introduced into a subterranean zone to be sealed and forms a substantially rigid sealing mass
therein, the rigid sealing composition can be removed from the subterranean zone by
contacting the sealing composition with a fluid having a pH below about 8 when the cross-
linking agent is a source of boron. At such a pH, the rigid sealing composition uncross-links
and breaks up. Because the depolymerized uncross-linked polymer molecules are of a small

size they are easily resolubilized by well bore fluids and readily flow out of the subterranean
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zone. This is contrasted with prior art sealing polymers which form filter cakes and insoluble
skins that control fluid loss but are very difficult to remove. When the other metal ion cross-
linkers are utilized, any of the conventionally used delayed breakers employed with metal ion
cross-linkers can be utilized, for example, oxidizers such as sodium chlorite, sodium bromate,
sodium persulfate, potassium persulfate, ammonium persulfate, encapsulated sodium
persulfate, potassium persulfate or ammonium persulfate and the like as well as magnesium
peroxide. [Enzyme breakers that may be employed include alpha and beta amylases,
amyloglucosidase, invertase, maltase, cellulase and hemicellulase. The specific breaker
employed, whether or not it is encapsulated, as well as the amount thereof employed will
depend upon the breaking time desired, the nature of the polymer and cross-linking agent,
formation characteristics and conditions and other factors.

A preferred method of this invention for sealing a subterranean zone having a
temperature in the range of from about 80°F to about 300°F to prevent the uncontrolled flow
of fluids into the zone is comprised of the steps of: (a) providing a subterranean zone sealing
composition that becomes substantially rigid when exposed to subterranean zone
temperatures above about 80°F and has a pH above about 8.5 comprising water, a
substantially fully hydrated depolymerized polymer and a cross-linking agent for the
polymer; and (b) introducing the sealing composition into the subterranean zone wherein it
becomes substantially rigid and seals the zone.

The rigid sealing composition formed as described above can be removed from the
subterranean zone by contacting the rigid sealing composition with a fluid having a pH below
about 8 when the cross-linking agent is a boron compound.

A preferred subterranean zone sealing composition of this invention that becomes
substantially rigid when exposed to subterranean zone temperatures above about 80°F, that
has a pH above about 8.5 and that can be removed by contact with a fluid having a pH below
about 8 is comprised of: water; a substantially fully hydrated depolymerized polymer; and a
cross-linking agent comprising a boron compound.

The sealing composition can optionally include a pH adjusting compound, a pH
buffer, a surfactant to prevent emulsions, a clay stabilizer and other conventional additives.

Thus, the present invention is well adapted to carry out the objects and attain the
benefits and advantages mentioned as well as those which are inherent therein. While

numerous changes to the compositions and methods can be made by those skilled in the art,
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such changes are encompassed within the spirit of this invention as defined by the appended
claims.

The following example is provided to further illustrate the benefits of the present
invention.

EXAMPLE

An extrusion test to evaluate the rigidity of a sealing composition was performed on the
composition of the present invention and a commercially available sealant. The test
apparatus comprised a Fann Instruments model HPHT test cell having full opening valves on
the inlet and exit ports. The bottom end cap of the HPHT cell has circumferential grooves to
permit flow through a core sample to communicate with the exit port. A Y inch thick water
saturated ALOXITE disk, a product of Fann Instrument Company, having a 20 micron pore
throat is fixed in the bottom of the test cell on top of the bottom end cap. The cell is mounted
vertically and filled with the test fluid. The fluid is allowed to age for 2 hours in the test cell
at about 80°F and a400 psi nitrogen gas source is connected to the inlet port of the HPHT
cell. To begin the test, both valves are opened simultaneously and the 400 psi nitrogen gas
pressure is applied to the fluid in the cell. The time is monitored and any fluid caused to be
extruded through the ALOXITE disk is collected and measured. Each test is run in duplicate
and the results are averaged for a final value. The time and volume of fluid extruded is set
forth in Tables 1 and 2 below. The commercially available sealant utilized in the test
comprised a 120 pound/ 1000 gallon crosslinked vinyl grafted hydroxyethyl cellulose
prepared in a 2% calcium chloride brine. The composition of the present invention utilized in
the test comprised a hydrated depolymerized hydroxypropyl guar cross-linked with a borate
cross-linker. The results of the test are set forth below. A material exhibiting an extrusion of
less than 20 ml over the duration of the test is considered to be an acceptable sealant and the

lower the amount of extruded fluid the more rigid is the sealant to displacement.
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Table 1
Commercially available Sealant
Time, Volume extruded, ml Average, ml
seconds
Test 1 Test2
6 10 11.5 10.7
60 13 13 13
120 14 13.5 13.7
240 14 14 14
480 14.5 15 14.7
Table 2
Sealant composition of present invention
Time, Volume extruded, ml Average, ml
seconds
Test 1 Test2
6 9.3 5.1 7.2

60 104 53 7.9
120 10.9 5.6 3.3
240 11.4 6.0 8.7
360 11.8 6.3 9.1
480 12.2 6.4 9.3
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The data clearly illustrates the improved performance of the composition of the
present invention in resisting extrusion through a simulated formation material over a

conventionally available sealant.
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What is claimed is:

1. A method of sealing a subterranean zone having a temperature above about
80°F to prevent the uncontrolled flow of fluids into the zone comprising the steps of:

(a) providing a subterranean zone sealing composition that becomes rigid
when exposed to subterranean zone temperatures in the range of from about 80°F to about
300°F and has a pH above about 8.5 comprising water, a substantially fully hydrated
depolymerized polymer and a cross-linking agent for said polymer; and

(b) introducing said sealing composition into said subterranean zone wherein it

becomes substantially rigid and seals said zone.

2. The method of claim 1 wherein the cross-linking agent comprises a boron
compound and which further comprises the step of removing said rigid sealing composition
from said subterranean zone by contacting said sealing composition with a fluid having a pH

below about 8.0.

3. The method of claim 1 wherein said water is selected from the group

consisting of fresh water and salt water.

4. The method of claim 1 wherein said water is present in said sealing
composition in an amount in the range of from about 97% to about 99% by weight of said

composition.

5. The method of claim 1 wherein said substantially fully hydrated
depolymerized polymer is a substantially fully hydrated depolymerized guar or cellulose
derivative polymer selected from the group consisting of hydroxypropylguar,
carboxymethylhydroxypropylguar, carboxymethylguar, hydroxyethylguar,
carboxymethylhydroxyethylguar, hydroxyethylcellulose, grafied hydroxyethylcellulose,
carboxymethylcellulose and carboxymethylhydroxyethyl-cellulose.

6. The method of claim 1 wherein said substantially fully hydrated
depolymerized polymer is substantially fully hydrated depolymerized hydroxypropylguar.
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7. The method of claim 1 wherein said substantially fully hydrated
depolymerized polymer is present in said sealing composition in an amount in the range of

from about 0.5% to about 2% by weight of said composition.

8. The method of claim 1 wherein said cross-linking agent is selected from the
group consisting of boron compounds, compounds that supply zirconium IV ions, compounds
that supply titanium IV ions, aluminum compounds, compounds that supply antimony

compounds, dehydrated boric acid and dehydrated sodium tetraborate.

9. The method of claim 1 wherein said cross-linking agent is dehydrated sodium
tetraborate.

10.  The method of claim 1 wherein said cross-linking agent is present in said
sealing composition in an amount in the range of from about 0.025% to about 0.1% by weight

of said composition.

11.  The method of claim 1 wherein said sealing composition further comprises a

pH adjusting compound.

12.  The method of claim 11 wherein said pH adjusting compound is selected from
the group consisting of sodium hydroxide, lithium hydroxide, fumaric acid, formic acid,

acetic acid, acetic anhydride and hydrochloric acid.

13.  The method of claim 1 wherein said sealing composition further comprises a
buffer.

14.  The method of claim 13 wherein said buffer is selected from the group
consisting of sodium carbonate, sodium bicarbonate, potassium bicarbonate, sodium
diacetate, potassium diacetate, sodium phosphate, potassium phosphate, sodium dihydrogen

phosphate and potassium dihydrogen phosphate.

15.  The method of claim 1 wherein said sealing composition further comprises a

surfactant to prevent emulsions.
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16.  The method of claim 15 wherein said surfactant is selected from the group
consisting of alkyl sulfonates, alkyl aryl sulfonates, dodecylbenzene sulfonic acid, alkyl
trimethylammonium chloride, branched alkyl ethoxylated alcohols, phenol-formaldehyde
non-ionic resin blends, cocobetaines, dioctyl sodium sulfosuccinate, imidazolines, alpha

olefin sulfonates, linear alkyl ethoxylated alcohols and trialkyl benzylammonium chloride.

17.  The method of claim 1 wherein said sealing composition further comprises a

clay stabilizer.

18.  The method of claim 17 wherein said clay stabilizer is selected from the group
consisting of potassium chloride, sodium chloride, ammonium chloride and tetramethyl

ammonium chloride.

19. A subterranean zone sealing composition that becomes rigid when exposed to
subterranean zone temperatures above about 80°F, that has a pH above about 8.5 and that can
be removed by contact with a fluid having a pH below about 8 comprising:

water,
a substantially fully hydrated depolymerized polymer; and

a cross-linking agent comprising a boron compound for said polymer.

20.  The sealing composition of claim 19 wherein said water is selected from the

group consisting of fresh water and salt water.

21.  The sealing composition of claim 19 wherein said water is present in said
sealing composition in an amount in the range of from about 97% to about 99% by weight of

said composition.

22, The sealing composition of claim 19 wherein said substantially fully hydrated
depolymerized polymer is a substantially fully hydrated depolymerized guar or cellulose
derivative polymer selected from the group consisting of hydroxypropylguar,
carboxymethylhydroxypropylguar, carboxymethylguar, hydroxyethylguar,
carboxymethylhydroxyethylguar, hydroxyethylcellulose, grafted hydroxyethylcellulose,
carboxymethylcellulose and carboxymethylhydroxyethylcellulose.
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23.  The sealing composition of claim 19 wherein said substantially fully hydrated
depolymerized polymer is substantially fully hydrated depolymerized hydroxypropylguar.

24.  The sealing composition of claim 19 wherein said substantially fully hydrated
depolymerized polymer is present in said sealing composition in an amount in the range of

from about 0.5% to about 2% by weight of said composition.

25.  The sealing composition of claim 19 wherein said cross-linking agent is
selected from the group consisting of dehydrated boric acid and dehydrated sodium

tetraborate.

26.  The sealing composition of claim 19 wherein said cross-linking agent is

dehydrated sodium tetraborate.

27.  The sealing composition of claim 19 wherein said cross-linking agent is
present in said sealing composition in an amount in the range of from about 0.025% to about

0.1% by weight of said composition.

28.  The sealing composition of claim 19 wherein said sealing composition further

comprises a pH adjusting compound.

29.  The sealing composition of claim 28 wherein said pH adjusting compound is
selected from the group consisting of sodium hydroxide, lithium hydroxide, fumaric acid,

formic acid, acetic acid, acetic anhydride and hydrochloric acid.

30.  The sealing composition of claim 28 wherein said pH adjusting compound is
present in said sealing composition in an amount in the range of from about 0.05% to about

5% by weight of said composition.

31.  The sealing composition of claim 19 wherein said sealing composition further

comprises a buffer.

32.  The sealing composition of claim 31 wherein said buffer is selected from the

group consisting of sodium carbonate, sodium bicarbonate, potassium bicarbonate, sodium
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diaéetate, potassium diacetate, sodium phosphate, potassium phosphate, sodium dihydrogen

phosphate and potassium dihydrogen phosphate.

33.  The sealing composition of claim 31 wherein said buffer is present in said
sealing composition in an amount in the range of from about 0.05% to about 15% by weight

of said composition.

34.  The sealing composition of claim 19 wherein said sealing composition further

comprises a surfactant to prevent emulsions.

35.  The sealing composition of claim 34 wherein said surfactant is selected from
the group consisting of alky! sulfonates, alkyl aryl sulfonates, dodecylbenzene sulfonic acid,
alkyl trimethylammonium chloride, branched alkyl ethoxylated alcohols, phenol-
formaldehyde nomionic resin blends, cocobetaines, dioctyl sodium sulfosuccinate,
imidazolines, alpha olefin sulfonates, linear alkyl ethoxylated alcohols and trialkyl

benzylammonium chloride.

36.  The sealing composition of claim 34 wherein said surfactant is present in said
sealing composition in an amount in the range of from about 0.01% to about 1% by weight of

said composition,

37.  The sealing composition of claim 19 wherein said sealing composition further

comprises a clay stabilizer.

38.  The sealing composition of claim 37 wherein said clay stabilizer is selected
from the group consisting of potassium chloride, sodium chloride, ammonium chloride and

tetramethyl ammonium chloride.

39.  The sealing composition of claim 37 wherein said clay stabilizer is present in
said sealing composition in an amount in the range of from about 2% to about 20% by weight

of said composition.

£
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