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Broadly the invention contemplates the formation of
an extremely high water loss, aqueous slurry of diato-

2

maceous earth or diatomite with a sufficient amount of
asbestos to form a stable, low viscosity system and then
spotting a slug of this slurry at the locus of the thief
formation and then dehydrating the slurry by forcing

a;s%n]ors to Phillips Petrolenm Company, a eorporation 5 the water from the slurry into the thief formation by in-
oL Delaware creasing the hydrostatic head on the slurry. Upon com-
- H ve J.
No Drawing. 6 lélll;gnls)ec.(%%, %3?,2_’?5 No. 248,224 pletion of dehydration of the slurry, drilling mud is then
' : i circulated through the well bore to form a mud sheath
This invention relates to a methed and a composition on the high water loss filter cake that has been squeezed
for sealing porous formations, particularly porous 10 into the surface of' fhe thief forrqatlon. We have also
formations in the earth encountered in the drilling of a found that the addition of a relatively small amount of
well lime to the diatomite-asbestos slurty increases the water
In the drilling of a well with well drilling tools a loss properties .of the §lurry substantially with only a
drilling fluid is circulated into and out of the well bore small increase in the viscosity of the slurry. We have
.as a necessary step in the operation. The drilling fluid 15 _found that a high water 1985 slurry to be used fqr se?.l-
serves to cool and lubricate the bit, to carry cuttings ing porous earthen formations should be a low viscosity
to the surface, to support at least part.of the weight of composition but 'should have an appreciable Yleld point
the drill pipe and drill bit, to provide a hydrostatic value, as determmed'by.the API'me_tth designated as
pressure head for preventior; of caving of the walls of R1?29 in order to maintain the solids in suspension while
the well bore, to deposit on the surface of the well bore 20 bﬁl;ﬁ SPt?]t.tefd fat thet'locus cl)lf the tﬁlefbforrxzatlon. h
a filter cake which acts as a thin, semi-impervious layer b © 1eh ormablon ;;Vl usua hy ¢ at or near the
to prevent undue passage therethrough of fluids, and to ottom of the well Ore because when the p orous forma-
perform other functions as are well known in the drill- tion 13 en(fountered it will 1mrn.e(§1ately .beglfl to take
ing art. It is important that the drilling fluid exhibit a f:‘lrlllmg fluid and the loss of drl%lmg fluid will usually
relatively low rate of filtration or fluid loss in addition 25 increase as the _porous formation is penetrated. In such
to having desirable rheological properties such as vis- situations the h‘.gh water 1955 slurry can be spotted at the
cosity and gel strengths, It is also important that the locus of the thief formation by pumping a slug of the
drilling fluid system should be kept as simple and as in- slurry down and out of the drill pipe. ,It may be, how-
- expensive as possible in order to avoid undue expense ever, that the thief formation Js at a point farther up 1n
in the drilling of  well 30 the well bore and such condition can result from failure
When drilling through porous or fractured formations Of. a dprev1t(t)1U§ ts}(;,al lm WIE“;? }clase ;Ehe ldrlll lplpe can Ee
or other formations having a relatively high porosity or (rialse 'tS(c)i tath le Stug E) th l%h' vgafer ots..s slurry can be
permeability to the drilling finid it sometimes occurs that 6%351 i a f.e gm,:;(i the 1 fortx}llla f.nil ter 1
the drilling fluid is lost to the formation and a condition 4 1 e ?Vteh. oun e a he uze 0 it g 2 Ya ert ;)hss
referred to as lost circulation obtains wherein the drill- f urry of th 1 tl}?vgnflon “t] en egocsllﬁ das tadsll;g a ) ©
ing fluid passes into the formation at such rate that cir- ocus of the thiel formation and dehydraled by a ‘ow
culation is greatly reduced or even terminated. In such pressure squeeze results in the formation of a mat, suit-
case the drilling of the well must be stopped and the abl.ekfo§ dgposmon ;thellieonb?f. a dmugithsheatllll, wtfnclh ;S
condition corrected before drilling can be continued 4, quickly and economically obtained wiih no harmiut et
again. If the condition of lost circulation can not be fects to the thief formation or to other fo_rmatlons m
corrected, it is then necessary to abandon the well the well bore. When lost circulation materials such as
Variou,s methods and means in the past have been em- sugar cane b'agasse, ground cottor}sged hu}ls or other
ployed to restore circulation of the drilling fluid when gb{ioqs Umatetrlglts ar&.a;ldfd to t?‘ drllhngp ﬂmd'htodfortmt‘a
a lost circulation condition has occurred and such meth- 4 Oric8ing mat af a thiel lormation, excessive HyCrosa.s
ods usually entain the addition to the drilling mud of pressures are often requlred.to dehydrate the drxlllmg fluid
fibrous materials to form a mat upon which a mud sheath sqfﬁmently to form the_ {lesued ma.t. The .apphcatlon of
can be deposited. Almost all known fibrous materials high pressure to the thief formation, which may be a
have been used in drilling mud compositions to seal the crevice or a gravel .bed’ offen aggravates the situation by
thief formation in attempts to restore circulation of the gq exp anldén% thli ciﬁwce ?r t')ty. ca;lts mgdf%halll??lhgghué ﬂ:e
drilling fluid when a lost circulation condition has been gravel bed. TFurthermore, 1t 1s otten diticult 1o denydrate
encountered. a conver}tlonal, flow ﬂulq loss drll.hn.g fiuid at a suffi-
It is an object of this invention to provide a method ciently high rate to deposit a mat within or upon the sur-
for sealing a thief formation to correct a lost circulation ggfe Zfrzgfaéglsfilf?;ﬁlﬁsgr;elg ;htivec:;’::nﬁgle lto re:
condition. It is also an object of this invention to pro- 53 positions and methods h;ve completzl faile dl nalcom
vide a composition which can be employed to correct Diatomite is also known as d'atorrflc u : arth. in
lost circulation encountered in a drilling well. Still an- & $ " n as diatomaceous earth, 1n-
other object of this invention is to provide a composition usorial earth or }eselguhr apd 18 pozpposed of the s11191-
which will form a stable aqueous slurry having extremely gﬁfe S{:sift?;:t?jeflaitgg( s'en]s?ii/fomxeul:o?lbusg?niﬂy ggaél.:
high water loss properties. It is also an object of this gy it f y h ph'Oh : ql sl ries !
invention to provide a composition which will form a ?égg;ltt;m Ozviillseu;?altlye cc;;tair‘fatfig moszbigfng(s) Otf) Ogg
;ézglerzqtiggz Siglrégtllia;rl;iI:Zdvg;?ségt:?i hslti?ngatif pounds of diatomite per barrel of slurry in either fresh
methlc))d I;or forming 2 water permeable mat c}),n the'sur or salt water. The slurry can, of course, contain more
! s Al or less diatomite so long as the slurry is pumpable.
face of a thief formation with the application of a mini- 65  The asbestos used -ing our compossiltionpcanp be any
mum amount of hydrostatic pressure on the formation is chrysotile asbestos which will form a pumpable slurry.
still another objec.t o.f this.invent'ion. Other objects and For reasons of economy asbestos which has been suffi-
advantages of this invention wﬂl' be. apparent to one ciently ground to pass a U.S. standard 16 mesh screen
skilled in the art upon reading this disclosure including or which corresponds to Group 7 according to the Que-
the detailed description of the invention. 70 bec Screen Test adapted by the Quebec Asbestos Pro-

ducers Association will often be preferred. A particu-
latly preferred asbestos is California asbestos identified
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as Coalinga and obtained from the Johns-Manville
Company. The California asbestos has the property
of imparting appreciable yield point to an aqueous di-
atomite slurry with lower viscosity than that obtained
with Canadian asbestos so that the diatomite can be
satisfactorily suspended with a smaller amount of Cali-
fornia asbestos than is possible with other types of
chrysotile asbestos such as Canadian chrysotile asbestos.
The amount of asbestos employed to stabilize an aqueous
slurry of diatomite will generally be in the range of about
2 to about 15 pounds of asbestos per barrel of slurry.

The addition of a small amount of lime (calcium hy-
droxide) to the asbestos-stabilized diatomite slurry will
increase the filtration rate of the slurry with a moderate
increase in the viscosity and yield point of the slurry.
The amount of lime employed will usually be about 0.5
to about 3 pounds of lime per barrel of slurry. A par-
ticularly suitable composition for preparing the high fil-
tration slurry of this invention is a mixture of about 40
to 50 parts by weight of diatomite, about 5 parts by
weight of asbestos and about 1 part by weight of lime
so that this mixture can be added to water to make a
stable high water loss slurry of any desired concentra-
tion. It may sometimes be desirable to add a conven-
tional lost circulation material such as sugar cane
bagasse, cottonseed hulls and the like to the slurry of the
invention. The composition can contain from about 35
to 95 weight percent diatomite, about 5 to 65 weight
percent asbestos, and from 0 to 10 weight percent lime.
Lost circulation material can be added to an aqueous
slurry of the composition in any desired amount.

The following examples will be helpful in attaining an
understanding of the invention but should not be con-
strued to limit the invention.

Example 1

California asbestos having properties of about those of
Group 7 according to the Quebec Screen Test adopted
by the Quebec Asbestos Producers Association which
Group 7 material is considered about 14 or 16 Standard
U.S. mesh size, and commercial diatomite was slurried
in tap water and tested with and without lime. The ap-
parent viscosity, yield point and water loss values were
determined according to “Recommended Practice on
Standard Field Procedures for Testing Drilling Fluids,”
A.P.L Code #RP29. The results are tabulated in Table L.

TABLE I—EFFECT OF ASBESTOS CONCENTRATION ON
AQUEOUS DIATOMITE SLURRIES
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slurry was pumped through ‘the drill pipe. The plug
of slurry was then squeezed by pumping drilling fluid
in on top of the plug while keeping the drilling fluid re-
turn valve closed. The plug was squeezed with 500 p.s.i.
and then held at 250 p.s.i. for 10 minutes and then the
hydrostatic head of the drilling fluid was allowed to re-
main on the plug 4 hours. Drilling was then continued
and no more drilling fluid was lost. The job was con-
sidered a complete success.

In well No. 2 circulation was lost while drilling at
4,184 feet. A pit of 100 barrels of the sturry of the in-
vention was mixed and pumped into the well bore from
the bottom of the surface casing. The well bore was then
filled with drilling fluid but the plug was not squeezed
and drilling was continued. After drilling one foot, circu-
lation was again lost. The drill pipe was pulled up to
the bottom of the surface casing and the well bore was
filled with drilling fluid from the surface. After waiting
5 hours, drilling was continued with satisfactory circula-
tion. At 5,504 feet circulation was again lost and a pit
of drilling fluid was pumped into the well bore; however,
the well bore would not fill. A pit of the slurry of the
invention was mixed and pumped into the well bore 12
stands (about 1,200 feet) above the bottom of the well
bore. The plug was squeezed with 300 p.s.i. and held at
100 p.s.i. Drilling was continued to 6.090 feet where cir-
culation was again lost. A pit of the slurry of the in-
vention was mixed, pumped into the well bore and drilling
was continued without squeezing the plug of slurry. Cir-
culation was again lost at 6,096 feet while drilling.
Another pit of the slurry of the invention was mixed and
spotted on the bottom of the well bore. The pipe was
pulled to the bottom of the surface casing and squeezed
with 400 p.s.i. Drilling was then continued and the well
was drilled to total depth with no more loss of drilling
fluid. It is believed that drilling fluid was lost in a new
zone each time except possibly those where the plug was
not squeezed.

In well No. 3 circulation was lost at 3,346 feet. A pit
of 92 barrels of the slurry of the invention was mixed
and spotted two stands above the bottom of the well bore.
The plug was squeezed with 400 p.s.i. and held at 150
p.si. Drilling was then continued with complete circu-
lation.

All field jobs to date with the slurry of the invention
have been successful. It is advisable to squeeze the plug
of slurry after it has been spotted in the well bore even
though there have been occasions where satisfactory cir-

culation was obtained without the squeeze job. The slurry
A‘lue"ggrségrrfrgll’mmds Ap- Woter Loss, ml: 50 of the invention works equally well with fresh water or
Run parent | Yield salt water, the filtration rate being higher in a fresh water
No. Diato. | Asbes. | Lime Viistc;’s‘ Point MEthg}e . 3(0C ;‘I/IC"; slurry when other factors are equal.
mite tos We claim:
1. A composition of matter for sealing porous earthen
50 5 0 16 7 234/5:10 s6¢ 55 formations consisting essentially of a mixture of about
50 g : z 2% gggﬁig s 88 weight percent diatomite, 10 weight percent asbestos
50 15 0 38 43 190/4:20 500 and 2 weight percent lime.
iy A 9 S 3 ggg}ggg T 2. A composition of matter for sealing porous earthen
40 5 0 14 6 258/4:40 654 formations consisting essentially of an admixture of about
o n S| B B e 299 60 40 to 50 parts by weight diatomite, about 5 parts by
44 5 1 20 2 | 248/1:25 1140 weight finely divided asbestos and about 1 part by weight
lime.
Example II 3. Th; method c_)f restoring. lost circulation in a drilling
well which comprises preparing an aqueous slurry of a

The following is a brief report on the use of the com-
position of the invention on various drilling wells in the
Oklahoma Panhandle area. In each instance, unless
otherwise indicated, the slurry was mixed in the ratio of
44 pounds of diatomite, 4 pounds of California asbestos
and 1 pound of lime per barrel of aqueous slurry.

In well No. 1 circulation was lost at 6,268 feet while
drilling. A pit of 100 barrels of the slurry of the in-
vention was mixed and 5 pounds per barrel of sugar cane
bagasse was added. The slurry was added to the bottom
of the well bore by raising the drill pipe in stages as the

mixture consisting essentially of diatomite and a sufficient
amount of asbestos to suspend said diatomite in water;
introducing said slurry into said well; positioning said
slurry at the locus of circulation loss; applying sufficient
hydrostatic pressure to said slurry to dehydrate same;
and circulating drilling fluid through said well.

4. The method of restoring lost circulation in a drilling
well which comprises preparing an aqueous slurry con-
sisting essentially of about 20 to 60 pounds of diatomite,
about 2 to 15 pounds of asbestos, and about 0 to 3 pounds
of lime per barrel of slurry; introducing said slurry into
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said. well; positioning said slurry at the locus of the thief 1,623,169 4/1927 Dalen o coveeee - 252—449
formation; applying sufficient hydrostatic pressure to said 1,756,906 = 4/1930 Miketta.
slurry to dehydrate same; and circulating drilling fluid 1,939,860 - 12/1933 Montgomery —-——--- 252—449
through said well. 2,442,519 - 6/1948 . Schuetz ..o ______ 106—120

5. A high water loss slurry. consisting essentially of 5 = 3,119,448 ~ 1/1964 Rhoades .omo—nov 166—29 X
diatomite; an amount of water sufficient to form a pump- 3,136,360 6/1964 Ramosetal. ——.____ 166—29 X
able slurry; an amount of asbestos sufficient to suspend
said diatomite in said water; and about 0.5 to 3 pounds of OTHER REFERENCES
lime per barrel of said shurry. Odasz, F.B., et al., New: Sealer for Lost Circulation

6. A high water loss aqueous ’slurr.y coqsisbing essent- 1y Zones, in The Oil and Gas Journal, pp. 72-73, Jan. 23,
tially of about 20 to 60 pounds of diatomite per barrel 1956.

of slurry; about 2 to 15 pounds of asbestos per barrel of Ruffin, D. R., New Squeeze for Lost-Circulation, in
siurry; and about 0.5 to 3 pounds of lime per barrel of The Oil and Gas Journal (55), pp. 96-97, Oct. 28, 1957.
slurry. -
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