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This invention relates to a method and a composition 
for sealing porous formations, particularly porous 
formations in the earth encountered in the drilling of a 
well. 

In the drilling of a well with well drilling tools a 
drilling fluid is circulated into and out of the well bore 
as a necessary step in the operation. The drilling fluid 
serves to cool and lubricate the bit, to carry cuttings 
to the surface, to support at least part of the weight of 
the drill pipe and drill bit, to provide a hydrostatic 
pressure head for prevention of caving of the walls of 
the well bore, to deposit on the surface of the well bore 
a filter cake which acts as a thin, semi-impervious layer 
to prevent undue passage therethrough of fluids, and to 
perform other functions as are well known in the drill 
ing art. It is important that the drilling fluid exhibit a 
relatively low rate of filtration or fluid loss in addition 
to having desirable rheological properties such as vis 
cosity and gel strengths. It is also important that the 
drilling fluid system should be kept as simple and as in 
expensive as possible in order to avoid undue expense 
in the drilling of a well. 
When drilling through porous or fractured formations 

or other formations having a relatively high porosity or 
permeability to the drilling fluid it sometimes occurs that 
the drilling fluid is lost to the formation and a condition 
referred to as lost circulation obtains wherein the drill 
ing fluid passes into the formation at such rate that cir 
culation is greatly reduced or even terminated. In such 
case the drilling of the well must be stopped and the 
condition corrected before drilling can be continued 
again. If the condition of lost circulation can not be 
corrected, it is then necessary to abandon the well. 

Various methods and means in the past have been em 
ployed to restore circulation of the drilling fluid when 
a lost circulation condition has occurred and such meth 
ods usually entain the addition to the drilling mud of 
fibrous materials to form a mat upon which a mud sheath 
can be deposited. Almost all known fibrous materials 
have been used in drilling mud compositions to seal the 
thief formation in attempts to restore circulation of the 
drilling fluid when a lost circulation condition has been 
encountered. 

It is an object of this invention to provide a method 
for sealing a thief formation to correct a lost circulation 
condition. It is also an object of this invention to pro 
vide a composition which can be employed to correct 
lost circulation encountered in a drilling well. Still an 
other object of this invention is to provide a composition 
which will form a stable aqueous slurry having extremely 
high water loss properties. It is also an object of this 
invention to provide a composition which will form a 
stable aqueous slurry having low viscosity and high water 
loss properties in both fresh and salt water systems. A 
method for forming a water permeable mat on the sur 
face of a thief formation with the application of a mini 
mum amount of hydrostatic pressure on the formation is 
still another object of this invention. Other objects and 
advantages of this invention will be apparent to one 
skilled in the art upon reading this disclosure including 
the detailed description of the invention. 

Broadly the invention contemplates the formation of 
an extremely high water loss, aqueous slurry of diato 
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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 
the water from the slurry into the thief formation by in 
creasing the hydrostatic head on the slurry. Upon com 
pletion of dehydration of the slurry, drilling mud is then 
circulated through the well bore to form a mud sheath 
on the high water loss filter cake that has been squeezed 
into the surface of the thief formation. We have also 
found that the addition of a relatively small amount of 
lime to the diatomite-asbestos slurry increases the water 
loss properties of the slurry substantially with only a 
small increase in the viscosity of the slurry. We have 
found that a high water loss slurry to be used for seal 
ing porous earthen formations should be a low viscosity 
composition but should have an appreciable yield point 
value, as determined by the API method designated as 
RP29 in order to maintain the solids in suspension while 
being spotted at the locus of the thief formation. 
The thief formation will usually be at or near the 

bottom of the well bore because when the porous forma 
tion is encountered it will immediately begin to take 
drilling fluid and the loss of drilling fluid will usually 
increase as the porous formation is penetrated. In such 
situations the high water loss slurry can be spotted at the 
locus of the thief formation by pumping a slug of the 
slurry down and out of the drill pipe. It may be, how 
ever, that the thief formation is at a point farther up in 
the well bore and such condition can result from failure 
of a previous seal in which case the drill pipe can be 
raised so that the slug of high water loss slurry can be 
deposited at the locus of the thief formation. 
We have found that the use of the high water loss 

slurry of this invention when deposited as a slug at the 
locus of the thief formation and dehydrated by a low 
preSSure Squeeze results in the formation of a mat, suit 
able for deposition thereon of a mud sheath, which is 
quickly and economically obtained with no harmful ef 
fects to the thief formation or to other formations in 
the well bore. When lost circulation materials such as 
Sugar cane bagasse, ground cottonseed hulls or other 
fibrous materials are added to a drilling fluid to form a 
bridging mat at a thief formation, excessive hydrostatic 
pressures are often required to dehydrate the drilling fluid 
sufficiently to form the desired mat. The application of 
high pressure to the thief formation, which may be a 
crevice or a gravel bed, often aggravates the situation by 
expanding the crevice or by causing channelling in the 
gravel bed. Furthermore, it is often difficult to dehydrate 
a conventional, flow fluid loss drilling fluid at a suffi 
ciently high rate to deposit a mat within or upon the sur 
face of the thief formation. We have been able to re 
store circulation in drilling wells where conventional com 
positions and methods have completely failed. 

Diatomite is also known as diatomaceous earth, in 
fusorial earth or kieselguhr and is composed of the silici 
fied skeletons of diatoms. Diatomite is abundantly avail 
able and relatively inexpensive. Aqueous slurries of di 
atomite for use as the high water loss slurries of our 
invention will usually contain from about 20 to 60 
pounds of diatomite per barrel of slurry in either fresh 
or Salt Water. The slurry can, of course, contain more 
or less diatomite so long as the slurry is pumpable. 
The asbestos used in our composition can be any 

chrysotile asbestos which will form a pumpable slurry. 
For reasons of economy asbestos which has been suffi 
ciently ground to pass a U.S. standard 16 mesh screen 
or which corresponds to Group 7 according to the Que 
bec Screen Test adapted by the Quebec Asbestos Pro 
ducers Association will often be preferred. A particu 
larly 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 I 
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.I. Code #RP29. The results are tabulated in Table I. 
TABLE I-EFFECT OF ASBESTOS CONCENTRATION ON 

AQUEO US DIATOMITE SLURRIES 

Aqueous Surry Pounds Woter Loss, ml; 
per Barrel Ap- - -------- --- 

Run parent Yield 
No. Wiscos Point Total 30 Min. 

Diato-Asbes- Line ity Min.:Sec. (calc.) 
Inite tos 

50 5 O 6 7 234.15:10 
50 5 21 26 23212:15 848 
50 O O 22 15 222f4:40 562 
50 5 O 38 43 1904:20 500 
40 2 6 3 25613:55 710 
40 4. O 2 7 260f3:20 SO 
40 5 O 4. 6 258.f4:40 654 
40 10 O 9 20 244.5:10 590 
40 15 O 36 32 22614:50 562 
4. 5 20 26 248.1:25 140 

Example II 
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 
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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 slurry 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, circul 
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.s. i. 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 
of the invention works equally well with fresh water or 
Salt water, the filtration rate being higher in a fresh water 
slurry when other factors are equal. 
We claim: 
1. A composition of matter for sealing porous earthen 

formations consisting essentially of a mixture of about 
88 weight percent diatomite, 10 weight percent asbestos 
and 2 weight percent lime. 

2. A composition of matter for sealing porous earthen 
formations consisting essentially of an admixture of about 
40 to 50 parts by weight diatomite, about 5 parts by 
Weight finely divided asbestos and about 1 part by weight 
lime. 

3. The method of restoring lost circulation in a drilling 
well which comprises preparing an aqueous slurry of a 
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 the well bore by raising the drill pipe in stages as the 75 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 
formation; applying sufficient hydrostatic pressure to said 
slurry to dehydrate same; and circulating drilling fluid 
through said well. 

5. A high water loss slurry consisting essentially of 
diatomite; an amount of water sufficient to form a pump 
able slurry; an amount of asbestos sufficient to Suspend 
said diatomite in said water; and about 0.5 to 3 pounds of 
lime per barrel of said slurry. 

6. A high water loss aqueous slurry consisting essen 
tially of about 20 to 60 pounds of diatomite per barrel 
of slurry; about 2 to 15 pounds of asbestos per barrel of 
slurry; and about 0.5 to 3 pounds of lime per barrel of 
slurry. 
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