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This invention relates to permesble cement filiers and
more particularly to the use of permeable cement in form-
ing such filters as a screening media for unconsolidated
producing horizons of oil and gas wells. Positioning
permeable cement in the vicinity of the incompetent for-
mation effectively screens and limits the migration of sand
into the wellbore and production tubing. Migration of
sand or other particles into the wellbore and production
tubing leads to a multitude of problems such as collapsing
of the casing or sloughing of the wellbore wall, plug-
ging of the wellbore, damage to pumping equipment and
producing strings and etc. While unconsolidated sands
are found in numerous oil and gas producing arezs, the
most predominant areas are along the offshore and
coastal marsh regions of the United States where pro-
duction is from the more recent sediments such as the
Miocene formation.

Several approaches have been made in an attempt to
exclude sand from such producing wells. One method
involves the so-called gravel packing technique in which
gravel is positioned in the borehole adjacent to produc-
ing formations with fluid pressure. By applying pressure
and reciprocating the drill pipe or tubing, gravel is forced
through the perforations against the sand face of the
formation and into fractures of the formation. A more
recently adapted technique involves the use of crushed
walnut shells which are coated with an unset plastic and
injected inlo the producing zone by means of a car-
rier fluid. The plastic is then allowed to set with the
crushed walnut shells being consolidated into a perme-
able filter screen.

While the foregoing methods and others have been
used with some success, they have not been entirely satis-
factory in that sand migration still occurs with plugging
generally resulting. Moreover, the application of these
techniques is rather expensive and time consuming. The
ideal solution would be the utilization of a pumpable
permeable cement which would perform the function of
supporting the formation and simultancously act as a
filtering media so that the migration of sand particles
to the producing wellbore would not occur. Prior pat-
ent art such as U.S. 2,187,895, U.S. 2,240,622, U.S.
U.S. 2,288,557, and U.S. 2,815,815 teach the prepara-
tion and utilization of varicus types of permeable well
cement compositions. In cement compositions prepared
according to the foregoing teachings, rather high perme-
abilities are disclosed. Unfortunately, these cements
have not been eftective as filier media. The reason for
this difficulty is believed to be that while high perme-
ability is generally desirable in order to allow frec pas-
sage of fluid, a filter having too high a permeability al-
lows entrance of small sand particles which then plug
the filter especially near the wellbere. The above-men-
tioned cements are merely placed within the wellbore op-
posite the producing horizon and are not pressurcd or
squeezed into the producing formaiion. - These rcasons
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apparently explain the industry’s failure to adopt pre-
viously proposed permeable cement compositions and
methods of placing such compositions in wellbores op-
posite highly unconsolidated sand producing zones.

The present invention makes it possible to provide a
permeable cement filter media which is capable of effec-
tively filtering and preventing migration of sand particles
which, according to prior technigques, have not been con-
trotlable.

It is the object of the present invention to provide an
improved permeable cement filtering media for prevent-
ing migration of sand into wells.

Another object of the invention is to provide an im-
proved cement slurry and method of placing the same
to form a permeable cement filter in the formation.

In accordance with a preferred embodiment of the
present invention, an improved permeable cement filter
is provided in the formation by preparing a permeable
cement slurry comprised of granular solids, fibrous ma-
terial, a cementing agent, and water, and pumping the
resulting slurry down the wellbore under sufficient pres-
sure to force the slurry through perforations in the well
casing and into the unconsolidated sand formation ad-
The slurry is placed under suf-
ficient pressure to cause substantial dehydration of the
slurry and subsequent bridging of the granular material
to form a solid filter mass, the permeability of which
is relatively greater adjacent the wellbore and relatively
lower at the outer portions of the filter mass adjacent
the formation. The cement slurry of the present inven-
tion is preferably placed under sufficient pressure to
cause a portion of the cement to migrate through the
slurry to the interface between the formation and the
periphery of the slurry to thereby form a relatively low
permeability cement sheath at the interface of the slurry
and the formation.

By forming a permeable cement filter in accordance
with the preferred embodiment of the invention described
above, the permeability of the filter is least in the sheath
at the interface of the cement and formation material
and greatest adjacent the wellbore. The low permea-
bility sheath adjacent the interface effectively filters sand,
while the relatively large area of the interface insures
that plugging due to such low permeability will not oc-
cur and that the total amount of fluid free to pass through
the low permeability sheath is sufficient so that produc-
tivity of the well is not lessened by the low permeability
of this portion of the cement filter. The poriions of the
cement filter nearer the wellbore, having a higher perme-
ability, allow free flow of fluid and do not have to be
of such low permeability as the outer portions of the
filter, since sand is filtered out by the outer portion, es-
pecially the low permeability sheath. The portion of the
filter adjacent the wellbore may thus be of sufficient
permeability to allow free flow of fluid at desired rates.

The cement slurry used in forming permeable cement
filters in accordance with the invention comprises, broadly,
a mixture of cement, granular solids, fibrous material,
water, and a water-soluble gelling agent. The granular
material is inert and is preferably well rounded, rela-
tively clean, physically strong and has a density suitable
for suspension in the slurry. Generally speaking, densi-
ties up to about 3 grams per cc. are suitable. It has
been found that granular material of a size between about
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10 and about 40 mesh, preferably between about. 20 and
30 mesh, is most suitable. The use of substantial amounts
of granular material of other sizes does not vield a suit-
able slurry for the purpose of the present invention.
For instance, the use of relatively larger size solids has
an adverse effect on the strength of the resulting cement
filter, while the use of smaller size solids reduced the
permeability of the filter. While sand is a preferred
granular solid, other suitable solids such as glass beads
or aluminum pellets may be used.

The cement used in forming the slurry of permeable
cement in accordance with the invention is Portland type
cement having good bonding ability and high strength.
Laboratory tests have indicated that cement having an
average particle size of cement particles that the sturry
and ultimate filter of the present invention is distinguished
from the prior art. The migration of these small ce-
ment particles to the interface of the slurry and the
formation is necessary in order to obtain a permeable
cement filter. media which will effectively prevent mi-
graiion of sand into wells. In addition, smail particle
size cement doss not react with formation water to cause
precipitation of solids from the formation water as read-
ily as more conventional cement of larger particle size.
The reason for this is not clear but may be due in part
to the rapidity with which the small particle cement cures.
One of the more suitable bonding materials, for instance,
is that which is sold under the trade name of Trinity
Lite-Wate ccment (a Portland type cement having an
average particle size of about 1.6 microns). This com-
pares with an average particle size of about 5.7 for more
conventional Portland type cement.

The function of the fibrous material in the cement
slurry is to combine with the water and cement in such a
way as to aid in suspension of the granular particles in the
siurry.  The ability to support aggregate in the slurry
is essential to delivery of the slurry to the desired posi-
tion in the formation. Quite obviously, if the aggregate
tends to leave the slurry during transit to the formation,
either in the tubing or in the casing, it will be impossible
to force the slurry through the perforations in the well
casing and to create a filter mass at a distance from the
wellbore. A water absorbing fiber is, of course, desired
for this purpose. Conventional fibrous asbestos has been
found especially suitable for this purpose, although other
synthetic or natural fibrous materials of similar character-
istics may be used. It is necessary that the fibrous mate-
rial be dispersible in water on mixing.

In addition to the cement, aggregate, and fibrous mate-
rial, suitable amounts of a gelling agent are used io pre-
vent premature separation of undue amounts of water
from the slurry resulting in subsequent sand fall out while
pumping the slurry down the tubing and casing. The use
of a gelling agent for this purpose is especially important
when the slurry is to be placed through perforations in
a well casing. In the absence of such gel, it is difficult or
impossible to maintain the solids in suspension and there
is a strong tendency for the granular solids to bridge on
the casing perforations and restrict flow through said per-
forations. Suitable gels are those which are water soluble
and provide sufficient gelling action to support the granu-
lar particles in suspension in the slurry, are stable in the
pH range of cement, and have no apparent effect on getting
time, strength, permeability, or chemical properties of
the cement.

Conventional gels such as polyacrylamide are, for in-
stance, suitable for this purpose. Generally speaking, a
gel which is water-soluble and will increase the viscosity qf
the slurry to a pumping state without solids fall-out is
desired. It is highly desirable that the gel be one which
will not substantially increase in viscosity either. by PH
change, or by increase in temperature or by combining
with materials in the formation to effect the gel charac-
teristics. The gel should preferably be inert with respect
to the formation and formation fluids, The characteris-
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tics of the gel water expelled when the cement is placed
should not change to the extent that when production is
resumed, this expelled gel water will have a limiting or
delrimental effect upon fluid flow to the wellbore.

While a variety of materials may be used, as described
above, in forming the cement slurry and these ingredients
may be present in any suitable quantities, preferred ce-
ment slurries which yield filters of desirable permeability
and strength, while simultancously cieating the desired
interface sheath may be blended from the following in-
gredients used in the amounls in the range indicated.

Ingredients: Parts by weight

Inert granular solids ____.______________ 140200
Portland cement ._.__________________ 20-65
Water ______ 160-200
Water insoluble fibrous material ________ 2-4
Water soluble gel .____________________ 0.01-1.0

It is generally preferred that the weight ratio of granu-
lar material to cement be between about 4 and about 7,
the weight ratio of water to water-soluble gel between
about 100 and about 25¢0, preferably between about 250
and about 550, and the weight ratio of total solids to water
between about 1 and about 2. The use of excessive
quantities of gel in the slurry should be avoided because
the use of too much gel lowers the permeability of the
resulting cement filter.

In some instances, it may be desirable, especiaily when
flushing with light, oil, as described below, to utilize light
hydrocarbon oil in the blending of the cement slurry.
This may be accomplished by substituting a light oil such
as kerosene for a portion of the water in forming the
slurry.  While the use of light oil in the slurry in this
manner may in some instances reduce the sirength of the
resulting cement filter, espacialiy when larger quantities of
oil are utilized, it is gznerally possible to use up to about
20% by volume of light oil in this manner.

An especially suitable cement slurry for use in accord-
ance with the present invention may, for instance, be
blended from the following ingredicnts:

~ . Pounds
20-30 mesh sand . _________________ ___ 1600
Asbestos fiber . ____. ____________ 30
Polyacrylamide gel —.______________________ 33
Water 1300

Cement (preferably having an average particle size

of about 1.6 microns) 325

While the cement slurry compositions discussed above
are suitable for use in wells of depth on the order of 5000
or 6000 feet, wells of greater depths may require modifi-
cations of this slurry composition. For instance, deeper
wells in which the temperature may average about 200°
F. at 10,000 feet, will require the use of additional water-
soluble gel in order to retain the desired suspension of
solids. Obviously, care must be used in increasing the
amount of gel since an excess amount of gel may adverse-
ly effect the permeability of the resulting cement filter.
Tests have demonstrated that slurries containing up to
about twice the normal amount of water-scluble gel may
be mixed, pumped, and placed under relatively high tem-
perature conditions with satisfactory permeability char-
acteristics.

In practising the present invention, the well into which
the permeable cement filter is to be placed will usually be
a well which has been suffering from severe sand migra-
tion problems from the adjacent formation. In many
cases, the well may be at least temporarily out of produc-
tion due to an excessive amount of sand in the wellbore.
The first step in treating a well in accordance with the
invention will normally involve reverse circulating or
bailing the sand from the hole. The tubing with a
packer may then be rua into the casing and pressure
tested if desired at pressures up to slightly above the
pressure anticipated as necessary (o perform a satisfactory
squeezing of the slurry.
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The water normally present in the well is then dis-
placed with oil and the pump-in rate of the oil into the
formation is determined. It is important that the portion
of the hole in the vicinity of the perforated interval be
free of water when the cement slurry is injected, since
the presence of water would tend to dilute the slurry
at the slurry-water interface and allow the sand to sepa-
rate from the slurry, resulting in bridging of the slurry
at the perforations. An alternative to filling the casing
with oil to displace the water which is normally present
is to precede the cement slurry with a slug of oil greater
in volume than the volume of water in the casing below
the packer. Using an oil volume as great or preferably
slightly greater than the volume of water present will
cause water displacement in the area of the perforations
and prevent water contact with the cement slurry. If the
slurry is diluted with water to the point at which sand
fall-out occurs, bridging of the slurry will result at the
perforations preventing entry of the shurry into the for-
mation.

The preferable method of making cement slurry is to
mix the asbestos with a portion of mix water, to this is
added the desired amount of cement. Mixing is continued
until a smooth and homogeneous slurry is obtained. To
this mix is added the desired concentration of gel water.
While mixing continues, the aggregate is added to com-
plete the slurry mix. To accomplish the movement of
the slurry to the formation, the slurry will normally be
followed by a liquid which will not adversely afect the
slurry.  For this purpose, fluids such as water, diesel
oil, kerosene, or crude oil can be used.

The permeable cement slurry is forced radially out into
the formation under pressure sufficient to simultaneously
force some of the cement particles to migrate through the
slurry to form a sheath of low permeability at the slurry-
water interface as described below. The maximum pres-
sure is held for sufficient length of time to allow com-
paction of the slurry and subsequent bridging of the
granular particles effecting at least a partial displacement
of water from the slurry. A maximum pressure which
may be used in forcing cement slurry into the formation
depends on a number of factors such as over-burden
pressure and tubing and casing strength. Pressures used
are generally similar to those used in conventional squeeze
cementing, the upper limit of such pressure being that
which might cause fracturing of the formation. The
time during which the maximum pressure must be held
will vary considerably from well to well. If pressure
is released too soon and backflow occurs, the cement
should be replaced in the formation by repressuring and
the pressure held for whatever length of time is necessary
to obtain dehydration of the cement sufficient to bridge
the granular particles.

After squeezing, a portion of the cement slurry will
probably remain in the casing below the packer and
opposite the perforated interval. It is preferred to unseat
the packer and reverse circulate the remaining cement
from the hole. It is then desirable to force a light oil
such as keroseme, diesel oil, or any suitable crude oil
through the permeable cement filter in an amount equal
to at least ¥4 the volume of cement slurry placed in the
formation. Such oil flushing aids in enlarging the matrix
channels of the cement filters. The presence of the oil
during further setting of the cement fills the connected
channels and prevents setting of cement within these
channels. By squeezing and by flushing with oil, as de-
scribed above, excess water is displaced from the slurry
into the formation and at least a portion of the cement
is displaced from the pores effectively enlarging said
pores.

As has been previously described, a portion of the
cement, during compaction, will migrate to the periphery
of the cement mass to form a thin sheath of relatively
low permeability at the interface of the cement mass and
the formation. As has been previously indicated, it is
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the formation of this unique sheath that makes the cement
composition of the present invention unexpectedly and
uniquely effective in minimizing the migration of sand
to the wellbore. This sheath of considerably lower per-
meability than the main portion of the resulting cement
filter, serves to prevent entry of extremely small sand
particles into the main body of the filter. -Due to such
migration of cement particles and the sheath formation,
the permeability of the main portion of the cement filter
is least at the outer periphery adjacent the sand formation
and is greatest nearer the wellbore. While this sheath
is effective in limiting said migration, it must be recog-
nized that the cement mass itself accomplishes this effect.
The permeability of the main portion of the cement filter
appears, in general, to vary inversely with the distance
from the wellbore. Migration of the cement takes place
during compaction as the cement is placed in the forma-
tion under relatively high squeeze pressures. Such mi-
gration tends to wash out a portion of the cement particles
from the interstices of the granular solids and leaves only
enough ccment to bond the solid particles, thus leaving
open pores between solids through which fluid may flow.

In the formation of a low permeability cement sheath,
as described above, formation sand as well as solids in
the cement slurry are preferably utilized.. That is, cement
particles migrate to the outer edge of the cement slurry
and at least some of these cement particles combine with
the formation said to aid in forming the relatively low
permeability sheath at the interface between the cement
sturry and the formation sand. During the migration of
the cement, a small amount of slurry aggregate may also
move to the slurry periphery and aid in the sheath forma-
tion. This sheath normally has a permeability of less
than about 1o the average permeability of the remainder
of the filter mass. Thus the permeability of the sheath
may be, for instance, between about 1 and about 10 milli-
darcies, md., while the permeability of the remainder
of the cement filter may be between about 100 md. and
about 3000 md. The low permeability sheath is fairly
thin in comparison to the remainder of the cement filter
and may, for instance, be on the order of 1 ¢cm. or less in
thickness,

In function, this low permeability sheath prevents the
fine formation sand from entering the filter material, while
the relatively greater permeability of the filter towards
the wellbore permits free flow of fluid through the filter
to the wellbore. At the same time, the relatively large
area of the sheath allows sufficient fluid to enter even
though the permeability is fairly low and of an order
of magnitude which would be less desirable if placed
close to the wellbore.

After the permeable cement filter has been placed, as
described, and squeezed, excess cement remaining in the
casing is then removed by reverse circulation. il is then
pressured through the cement mass to increase and main-
tain permeability. The well is then placed on production.

The following examples will serve to illustrate the
practice of the present invention. Examples 1 and 2
described herein. Data obtained by a laboratory experi-
ment showing the existence of the low permeability sheath
is also presented.

EXAMPLE 1

In the first test, a cased well completed in a Marginu-
lina sand which was off production due to severe sand
problems was selected. The well was belicved to have
a capacity of 10 barrels of oil per day and 90 barrels of
water per day. In preparation for cement injection, the
hole was circulated clean to 5217 feet. Prior to cement

"injection, the tubing was tested at 2600 p.s.i.g. and the

casing to 1200 p.si.g. Salt water in the wellbore was
completely displaced by kerosene. A fullbore packer was
set at 4750 feet with a 20 foot stinger ending in a mule-
shoe at 4780 feet. The pump-in rate with kerosene was

determined to be 3 barrels per minute at 1800 p.sig.
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The following sturry was then prepared in a 12 barrel
mechanical mixer equipped with a horizontal paddle shaft.

Ingredients: Amount
Ottawa sand (20-30 mesh) —__________ 1bs__ 2800
Trinity Lite-Wate cement —___________ Ibs._ 564
Asbestos _______ Ibs_. 52
Polyacrylamide gelling agent —_________ tbs_. 7.5
Water bbl__. 6.5

The slurry weight was 14.2 pounds per gallon.

The cement slurry was then pumped into the tubing
at an average rate of 2.7 barrels per minute at 1800
psi.g., forcing the kerosene into the formation ahead of
the slurry., As cement injection through the casing per-
forations began, the injection rate gradually slowed to
about 2 barrels per minute and the pressure climbed stead-
ily. After approximately 5 barrels of slurry had been
injected into the formation, tubing pressure had increased
to 3800 p.s.ig. with no injection. This pressure was
held for 1 minute and then released. Approximately
1 to 2 barrels of slurry backflowed into the casing. The
tubing was then repressured to 3800 p.s.i.g. and held at
this pressure for 1 hour. No backflow was encountered
when the pressure was released.

Mechanical difficulty prevented reverse circulation of
the cement and the hole was left full of kerosene. The
cement was allowed to cure for 43 hours before being
drilled out. After the cement was drilled out, the well
was placed on production. Five months after placement
of the permeable cement filter, as described above, in
which 4 barrels of slurry or about 2.5 barrels of com-
pacted cement were placed in the formation, this well was
producing 110 barrels of fluid per day, of which about
10 barrels were oil. Analysis of the produced liquids
gave no indication of sand migration into the wellbore.

EXAMPLE 11

In another field test of the composition and methcd of
this invention, a well was utilized which originally had
been completed in the Marginulina sand for a potential
of 95 barrels of oil per day. The well at the time was
squeezed with 67 sacks of cement to a pressure of 3500
p.s.i.g. and was perforated with 48 shots from 5218 feet
to 5235 feet. The well had an extended history of sand
production and was temporarily abandoned due to sand-
ing conditions at the time of placement of the permeable
cement filter as described below. Prior to this treatment,
it was estimated that the well had a production potential
of 10 barrels of oil per day and 30 barrels of water per
day.

In preparation for cement injection, the hole was cir-
culated clean to 5248 feet. In order to conserve kerosene,
the hole was displaced with crude oil from a nearby well,
A fullbore packer was szt at 4934 feet with a 48 foot
stinger. While 25 barrels of kerosene was being pumped
into the tubing and below the packer, the formation
injection rate was established at 4.4 barrels per minute
at 2800 p.s.i.g. The following siurry was then mixed in
a mechanical mixer equipped with a horizontal paddle

shaft:

Ingredient: Amount
Ottawa sand (20-30 mesh) _.__._____ ibs_.._ 2800
Trinity Lite-Wate cement ___________ ths.__.. 564
Asbestos fiber bs_... 52
Polyacrylamide gelling agent ________ Ibs____ 8.35
Water _ bbl__.__ 65

Cement slurry was then pumped into this tubing forcing
the kerosene into the formation. As the cement entered
the formation, the pressure climbed steadily to 3500 p.s.i.g.
and the injection rate dropped to 4¢ barrel per minuie.
An additional half barrel was placed in the formation at
this injection rate at 3500 p.s.i.g. At this point, the pump
engine died and the pressure bled off to 2564 p.s.i.g. before
the engine was restarted. In repressuring to 3500 p.s.ig.,
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ancther ¥ barrel of cement was placed in the forme-
tion, making a total of 6 barrels. Afier maintaining this
pressure for approximately 10 minutes, the tubing pres-
sure was bled to zero and backflow occurred, indicating
that the cement in the formation was not completely
compacted. In repressuring 1o 3500 psig, 3% of a
barrel of cement slurry was replaced in the formation.
Backflow also occurred afier the next two pressuring
processes. The packer was released and the tubing was
reverse circulated in-place, The packer was reset al 4954
ft. The casing was pressured to 1000 psig. and the
tubing fo 3500 ps.i.g. Upon releasing the tubing and
casing pressure after an hour and a half, no backflow was
obtained. The cement was then alicwed to cure for 30
hours before drilling out. Upon drilling out, cement was
found in the casing at.5046 ft. This represents a total
of 4.9 barrels of cament within the casing indicating that
approximately 5 barrels of siurry were placed in the
formation. The cement was drilled out and the well was
placed on production. In the six months following this
treztment, the weil averaged a daily production of 5 barrels
of oil and 35 barrels of water with no evidence of sand
migration into the wellbore as evidenced by analysis of
the produced liquids.

As previously pointed out, the formation of a relatively
low permeability cement sheath is an important feature
of the present inventicn. The existence of this sheath is
shown by the following laboratory experiment. A one-
inch diameter permeabie core was prepared by first placing
a thin layer of 20-30 mesh Ottawa sand inside, at the
bottom, of a one inch plastic pipe. On top of this layer
was placed a bed of 60-80 mesh sand. This core was
provided with a permeable cement filter by pouring a
permeable cement sturry, prepared in accordance with the
present invention, through the top of the pipe on top of
the layers of sand. Water was then injected, under pres-
sure, through the top of ihe pipe onto the cement, As a
result, water from the slurry was forced through the
sand pack in the bottom of the pipe into the outlet flow
ine at the bottom end of the pipe. As the filtrate water
was forced out of the compacting cement, a small amount
of cement was taken along and deposited at the interface
between the sand and cement, thereby forming a low
permeability sheath. The cement was cured in water for
48 hours at 140° F. and 1500 p.s.i.

After the curing period, the core was cut into four
sections, as indicated in the table shown below. Section
A represents the section of core adjacent a wellbere and
sections B, C and D represent sections respectively further
removed from a wellbore, with section D adjacent to the
sheath at the interface of the cement mass and the forma-
tion sands. Oil of a known viscosity was then forced
through each section at a constant pressure. Flow rates
were observed, and the permeability of each section was
calculated according to standard praclice with the follow-
ing results:

Table

Section Length (em.) |{Permeability to

erosene fmd.)

7.1 204

6.8 270

7.0 251

D 8.8 236
Sheath 0.1 3.2

From the data set forth in the foregoing table, it can
be seen that the permeability of the main portion of the
cement filter varies inversely as the distance from the
wellbore to the sheath, 1t will be further noted that the
thin sheath has a relatively high degree of impermeability
as compared to the permeability of the main portion of
the cement filter located between the sheath and the well-
bore.

While the invention has been described above with
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respect to certain preferred embodiments thereof, it will
be understood by those skilled in the art that various
changes and medifications may be made without departing
from the spirit and scope of the invention, and it is
intended that all such changes and modifications be
covered by the appended claims.

I claim:

1. A pumpable cement slurry for use in forming a
permeable cement filter in earth formations comprising
between about 140 and about 200 parts by weight inert
granular solids of a size range between about 10 and
about 40 mesh, between about 20 and about 65 parts
by weight of Portland type cement having an average
particle size less than about 3 microns, between about 2
and 4 parts by weight of water absorbing fibrous material,
between about 0.01 and about 1.0 part by weight of a
water-soluble gel and between about 100 and about 200
parts by weight water.

2. The cement slurry of claim 1 in which the weight
ratio of sand {o cement is between about 4 and about 7,
the weight ratio of water to water-soluble gel is between
about 100 and about 2500 and the weight ratio of solids
to water is between about 1 and about 2.

3. A pumpable cement slurry for use in forming a per-
meable cement filter in the unconsolidated formation ad-
jacent the wellbore and comprising between about 140
and about 200 parts by weight sand of an average particle
size between about 20 and about 30 mesh, between about
20 and about 65 parts by weight Portland cement, having
an average particle size less than about 3 microns, be-
tween about 2 and about 4 parts by weight water ab-
sorbing fibrous material, between about 0.25 and about
0.40 paris by weight water soluble gel and between
about 100 and about 200 parts by weight water and in
which the weight ratio of sand to cement is between
about 4 and about 7, the weight ratio of water to water-
soluble gel is between about 250 and about 550 and the
weight ratio of total solids to water in the slurry is
between about 1 and about 2.

4. A pumpable cement slurry for use in forming a
permeable cement filter in the unconsolidated formation
adjacent a wellbore and comprising about 160 parts by
weight of 20-30 mesh sand, about 3 parts by weight
asbestos fiber, about 0.33 part by weight polyacrylamide
water soluble gel, about 130 parts by weight water and
about 32.5 parts by weight Portland type cement having
'an average particle size of about 1.6 microns.

5. The method of providing a permeable cement filter in
formations adjacent oil and gas wells which comprises
preparing a cement slurry comprising between about 140
and about 200 parts by weight inert granular solids of a
size range between about 10 and about 40 mesh, between
about 20 and about 65 parts by weight Portland type
cement having an average particle size less than 3 microns,
between about 2 and about 4 parts by weight water absorb-
ing fibrous material, between about 0.01 and about 1 part
by weight water soluble gel and between about 100 and
about 200 parts by weight water, pumping said slurry
down a wellbore under sufficient pressure to force the
slurry into the formation adjacent said wellbore, said pres-
sure being sufficient to cause dehydration of said slurry
and subsequent bridging of the granular material thereby
resulting an a stable permeable cement filter mass.

6. The method of providing a permeable cement filter
in formations adjacent oil and gas wells which comprises
preparing a slurry consisting essentially of between about
140 and about 200 parts by weight of an inert granular
solid material in the size range between about 10 and
about 40 mesh, between about 20 and about 63 parts by
weight Portland type cement having an average particle
size less than 3 microns, between about 2 and about 4
parts by weight water absorbing fibrous material, between
about 0.01 and about 1.0 part by weight water soluble
gel and between about 100 and about 200 parts by weight
water, said slurry having a weight ratio of sand to cement
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between about 4 and about 7, a weight ratio of water to
gel betwen about 100 and about 2500 and a weight ratio
of total solids to water between about 1 and about 2,
pumping said slurry down a wellbore under sufficient pres-
sure to force the slurry through perforations in the well
casing and into the formation adjacent said wellbore, said
pressure being sufficient to cause dehydration of said
slurry and subsequent bridging of the granular material
to thereby form a stable permeable cement filter mass, the
permeability of which decreases with increasing distance
from the wellbore.

7. The method of providing a permeable cement filter
in formations adjacent oil and gas wells which comprises
preparing a slurry consisting essentially of beiween about
140 and about 200 parts by weight of an inert granular
solid material in the size range between about 10 and about
40 mesh, between about 20 and about 65 parts of weight
Portland type cement, having an average particle size less
than 3 microns, between about 2 and about 4 parts by
weight of water absorbing, insoluble fibrous material, be-
tween about 0.01 and about 1.0 part by weight water solu-
ble gel and between about 100 and about 200 parts by
weight water, said slurry having a weight ratio of sand to
cement between about 4 and about 7, a weight ratio of
water o gel between about 100 and about 2500 and a
weight ratio of total solids to water between about 1 and
about 2, pumping said slurry down a wellbore under suffi-
cient pressure to force the slurry into the formation ad-
jacent said wellbore, said pressure being sufficient to cause
a portion of the cement to move through the slurry to the
interface between the cement slurry and formation mate-
rial, thereby resulting in a relatively low permeability
sheath of cement surrounding the resulting cement filter.

8. The method of providing a permeable cement filter
in unconsolidated sand formations adjacent oil and gas
wells which comprises preparing a slurry consisting essen-
tially of between about 140 and about 200 parts by weight
of an inert granular solid material in the size range be-
tween about 10 and about 40 mesh, between about 20 and
about 65 mesh parts of weight Portland type cement hav-
ing an average particle size less than 3 microns, between
about 2 and about 4 parts by weight asbestos, between
about 0.01 and about 1.0 part by weight water soluble gel
and between about 100 and about 200 parts by weight
water, said slurry having a weight ratio of sand to cement
between about 4 and about 7, a weight ratio of water to
gel between about 100 and about 2500 and a weight ratio
of total solids to water betwen about 1 and about 2, pump-
ing said slurry down a wellbore under sufficient pressure
to force the slurry through perforations in the well casing
and into the formation adjacent said wellbore, said pres-
sure being sufficient to cause a portion of the cement and
water in said slurry to move to the interface between the
cement slurry and the unconsolidated formation sand to
thereby cooperate with formation sand to form a rela-
tively low permeability sheath of permeable cement sur-
rounding the remainder of the cement filter at said inter-
face.

9. The method of claim 8 in which the cement sheath
of relatively low permeability has a permeability of be-
tween about 1 and about 10 millidarcies and the re-
mainder of the cement filter has a permeability between
about 100 and about 3000 millidarcies.

10. The method of providing a permeable cement filter
in oil and gas wells which comprises preparing a slurry
consisting essentially of between about 140 and about 200
parts by weight of an inert granular solid material in the
size range between about 10 and about 40 mesh, between
about 20 and about 65 parts by weight Portland type
cement having an average particle size less than 3 microns,
between about 2 and about 4 parts by weight asbestos, be-
tween about 0.01 and about 1.0 part by weight water
soluble gel and between about 100 and about 200 parts
by weight water; said slurry having a weight ratio of sand
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to cement between about 4 and about 7, a weight ratio of
water to gel between about 100 and about 2500 and a
weight ratio of total solids to water between about 1 and
about 2, pumping said slurry down a wellbore initially
filled entirely with hydrocarbon il under sufficient pres-
sure to force the slurry through perforations in the well
casing and into the formation adjacent said wellbore,
said pressure being sufficient to cause dehydration of said
slurry and subsequent bridging of the granular material
to form a stable mass of permeable cement filter and to
cause cement to move through the slurry to the interface
between the slurry and the formation material to form at
said interface a relatively low permeability cement sheath
surrounding said cement filter,

11. ‘The method of claim 10 in which the hydrocarbon
oil initialty added to the wellbore is a slug having a volume
at lcast equal to the volume of water present in the casing
below the packer.

12. The method of providing a permeable cement filter
in unconsolidated formations surrounding oil and gas
wells which comprises preparing a slurry consisting essen-
tially of between about 140 and about 200 parts by weight
of an inert granular solid material in the size range
between about 10 and about 40 mesh, between about 20
and about 65 parts by weight Portland type cement hav-
ing an average particle size less than 3 microns, between
about 2 and about 4 parts by weight of a water absorbing
insoluble fibrous material, between about 0.01 and about
1.0 part by weight water soluble gel and between about
100 and 200 parts by weight water, said slurry having
a weight ratio of sand to cement between about 4 and
about 7, a weight ratio of water to gel between about 100
and about 2500 and a weight ratio of total solids to
water between about 1 and about 2, pumping said slurry
down a wellbore initially filled with hydrocarbon oil un-
der sufficient pressure to displace the hydrocarbon oil
and to force the slurry through perforations in the well
casing and radially into the formation adjacent said well-
bore, said pressure being sufficient to cause dehydration
of said slurry and subsequent bridging of the granular
material to form a stable mass of permeable cement filter,
and forcing hydrocarbon oil through said cement filter
in a quantity equal to at least half the original volume
of slurry placed in the formation, the permeability of
said cement filter decreasing with increasing distance from
the wellbore,

13. The method of claim 12 in which the hydrocarbon
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oil initially added to the wellbore is a slug having a vol-
ume at least equal to the volume of water present in the
casing below the packer,

14. A method of providing a permeable cement filter
in formations of unconsolidated sands surrounding oil
and gas wells which comprises preparing a cement slurry
consisting essentially of between about 140 and about 200
parts per weight sand of an average particle size between
about 20 and about 30 mesh, between about 20 and about
65 parts by weight Portland type cement having an aver-
age particle size less than 3 microns, between 2 and
about 4 parts by weight asbestos, between about 0.25 and
about 0.40 part by weight polyacrylamide water soluble
gel and between about 100 and about 150 parts by weight
water, the weight ratio of sand to cement in said slurry
being between about 4 and about 7, the water to gel
weight ratio being between about 250 and 550 and the
weight ratio of solids to water being between about 1
and about 2, pumping said slurry down a wellbore filled
entirely with hydrocarbon oil under sufficient pressure
to displace the hydrocarbon oil and to force the slurry
through perforations in the well casing and into an un-
consolidated sand formation adjacent said wellbore, said
pressure being sufficient fo cause dehydration of said
slurry and subsequent bridging of the sand in said slurry
to form a stable permeable cement filter, and to cause
@ portion of the cement in the cement slurry to move to
the interface between the cement slurry and the forma-
tion sand to thereby form at said interface a relatively
low permeable sheath of permeable cement, said sheath
having a permeability between about 1 and about 10
millidarcies with the remainder of said cement filter
having a permeability between about 100 and about 3000
millidarcies, and the permeability of said cement filter
decreasing with increasing distance from the wellbore.

15. The method of claim 14 in which the hydrocarbon
oil initially added to the wellbore is a slug having a vol-
ume at least equal to the volume of water present in the
casing below the packer.
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corrected below.
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line 22, after "solids" insert -- particles --; line 28,
for "said" read -- sand --; column ‘12, line 30, for
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(SEAL)
Attest:
ERNEST W. SWIDER EDWARD J. BRENNER
Attesting Officer Commissioner of Patents
Permeable well cement (US Patent 3,119,448, 1964) Published by AsbestosClaims.Law

ACL Doc 23308 - Page 7 of 7 asbestosclaims.law/library/23308/7


https://asbestosclaims.law/library/23308/7

