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This invention relates to improvements- in 
cementing well‘ conduits in bore holes“ and more 
particularly is concerned with a process for form 
ing. a substantially ?uid impervious bond be 
tween the wall of the bore hole and a well cas 
ing or the like inserted in the bore hole whereby 
to eliminate the necessity of removing the ?lter 
cake, formed during drilling of the bore hole, 
from the wall of the bore hole. 

In completing oil and gas wells, ‘or the like, 
it is customary, after drilling has been completed, 
to run a casing into the well at least to the depth 
of the producing formation. The casing is per 
for‘ated at the level of the producing formation 
in order to permit the ?ow of oil into the‘ casing 
from said formation. It is necessary to seal off 
the portion of the bore hole traversing the 
producing formationv from the remainder of the 
bore hole in order to prevent the flow of un 
desirable extraneous ?uids into the casing 
through its perforations. This is normally ac 
complished by introducing into the well casing 
a cement slurry which is pumped downwardly 
therethrough to ‘the bottom of the well where 
it passes into the annular space between'the 
exterior of the casing and the producing forma 
tion. If desired, of course, suilicient cement 
slurry may be pumped through the casing to 
?ll the annular space between the casing ‘and 
bore hole for the entire‘length of the casing. , 
After the cement has hardened the casing and 
surrounding cement sheath are perforated at the 
level of the producing zone, this perforating being 
accomplished ‘through the use of any one of a 
number of well known perforating devices. ' ' 
The cement sheath in the annular space be 

tween the casing and wall of 'the'bore' hole is 
intendedto prevent the fluids in formations above 
and below the producing zone from ?owing ‘ver 
tically within the annular space into thearea of 
the producing zone. In actual practice,however, 
the heretofore known methods of bonding cming 
to the wall of a bore hole have resulted merely 
in retarding such vertical flow, and. in some cases 
are almost completely ine?ective. This is due in 
many cases to the presence of the layer of mud, 
commonly called a ?lter cake, which is deposited 
on the wall of a borehole during the drilling 
thereof by the well known rotary drilling method 
involving the use of a mud laden drilling ?uid. 
As is well known to those skilled in the art, 
such ?lter cakeperforms very important func- 
tions during the drilling operations; however, 
during subsequent cementing operations the-?lter 
‘cake preventsithe cement from coming into .di- 3 
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2 
rect contact ‘with thewalls of the bore hole and 
forming ‘,a, bond therewith._ Furthermore,’ the 
?lter cake itself “is not mechanically stable, and 
is subject to penetration and erosion by water 
within the bore hole. Thus, although the cement 
substantially ?lls the annular space between the 
casing and the borehole wall there is still fre 
quently undesirable communication between the 
producing formation and other formations trav 
ersed by the bore hole duerto leakage through 
the ?lter cake and between the ?lter cake and 
the wall of the bore hole. 7 

Heretofore, the most common methods of deal 
ing with the above problem have been to at 
tempt to mechanically scrape away the ?lter cake 
from that portion of the wall to which it is 
desired to bond the casing, or to wash away the 
?lter cake by subjecting it to the erosive action 
of high pressure jetsof water, or to employ a 
combination of‘mechanical scraping and wash 
ing. These methods,_however, have met with 
only partial success due to the fact that it is al 
most impossible to remove all traces of the mud 
cake, and the presence of even a minute ?lm is 
sui?cient to prevent a good bond between the 
cement and the formation. I ' 

Accordingly, it is one object of this invention 
to provide a method of bonding a well conduit. to 
the wall of a’ bore hole without the necessity 
of ?rst removing the ?lter cake from the wall of 
the bore hole. ' v 

Another object of the invention is to provide 
a method of forming a fluid impervious bond 
between a 'well conduit and a bore hole having 
a ?lter cake deposited‘ on the ‘wall thereof, in 
which the ?lter cake is converted into a cementi 
tious mass, and then cement is introduced be 
tween said mass and thewell conduit. ' 

‘ Other objects and ‘features’of the invention will 
be apparent from‘ the description which follows 
and the appended drawing. ‘ ' 

In the drawing, Figure 1 is a sectional view of 
a bore hole having 'a casing bonded therein in 
accordance with the‘ present invention.‘v ‘ 

Figure 2 is a detailed section of a portion of 
the bore hole and casing shown in Figure 1. 

It has been found thata ?uid impervious bond 
may be formed between the wall of a bore hole 
and a well casing positioned in the bore hole by 
converting ‘the ?lter cake, deposited on the bore 
hole wall during conventional rotary drilling op 
erations, into a cementitious mass and then form 
ing a bond between said mass and the well cas~ 
ing byintroducing therebetween cement such as 
is commonly used in'completion of oil andgas 
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wells. In accordance with this invention, the 
desired bore hole is drilled using a conventional 
drilling ?uid to which has been added a ?rst 
chemical reagent whereby there is deposited on 
the bore hole wall a ?lter cake containing such 
?rst reagent. A liquid solution containing a 
second chemical reagent is introduced into the 
bore hole in contact with the ?lter cake and sub. 
jected to pressure to cause a portion of such 
liquid to penetrate the ?lter cake. The ?rst and 
second reagents are chemical compounds capable 
of reacting to convert the ?lter cake into a hard 
cementitious mass or materialwhich is intimately 
bonded to the formation and which is capable 
of being bonded in turn to cement of the type 
conventionally used in well completion, the 
cement being introduced into the annular space 
between the ?lter cake and the casing either con 
currently with the liquid solution, or subsequent 
thereto. 
By the process of the present invention, the 

?lter cake formed on the bore wall during drilling 
is converted into a cementitious mass or material 
which, in addition to functioning as an inter 
mediate material for bonding the conventional 
cement between the bore hole wall and the well 
casing, is itself a stable material. capable of re 
sisting channeling and erosion. Thus, by this 
novel process the problem of channeling of well 
liquids between the bore hole wall and the well ' 
casing, frequently present in the case of cement 
bonds formed by heretofore known processes, is 
obviated. 
The ?rst reagent which is incorporated into 

the drilling ?uid and the second reagent which 
is subsequently brought into contact with the 
?lter cake to convert the latter into the cementi 
tious mass or material may be any pair of chem 
ical compounds capable .of reacting to form an 
oxy-acid cement which cements are well known 
in the art as Sorel cements (Colloid Chemistry, 
volume II, Alexander, 1931, p. 365). There are 
many such reagents which may be reacted to 
form Sorel cements. By way of example, one of 
the reagents may be an oxide or. hydroxide of a 
metal such as magnesium, calcium, zinc, barium, 
beryllium, strontium, cadmium, ferric iron, co 
balt, nickel, and cupric copper, or mixtures there 
of. The other reagent may be a strong mineral 
acid salt of the same metals such as magnesium Y 
chloride, magnesium sulfate, magnesium nitrate, 
calcium chloride, calcium sulfate, calcium nitrate, 
zinc chloride, zinc sulfate, zinc nitrate, barium 
chloride, barium sulfate, barium nitrate, beryl 
lium chloride, beryllium sulfate, beryllium nitrate, 
strontium chloride, strontium sulfate, strontium 
nitrate, cadmium chloride, cadmium sulfate, 
cadmium nitrate, barium chloride, barium sulfate, 
barium nitrate, ferric chloride, ferric sulfate, 
ferric nitrate, cupric chloride, cupric sulfate, and 
cupric nitrate, or mixtures thereof. The two 
reagents may be compounds of the same metal 
or metals or of different metals, best results 
being obtained, however, when using compounds 
of the same metal or metals. 
The drilling ?uid used in the process of the 

present invention is formed by adding a quantity 
of the ?rst reagent to a suitable conventional 
water base drilling ?uid. Conventional drilling 
?uids comprise suspensions of clay, usually ben 
tonite, in Water containing one or more addi 
tives such as caustic, quebracho, and starch, de 
pendent upon the particular bore hole conditions. 
It is necessary only that the conventional drill 
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4 
ing fluid be free of any material that would react 
with the ?rst additive or otherwise prevent the 
conversion of the ?lter cake into a cementitious 
mass by reaction of the ?rst and second reagents. 
The concentration of the ?rst reagent in the 

drilling ?uid may vary over a wide range and 
is dependent, among other things, on the nature 
of the drilling ?uid to which it is to be added, 
and the particular chemical compounds employed 
as the reagents. It has been found, however, 
that the ?rst reagent should comprise at least 
10% of the solid components of the drilling ?uid 
in order to produce a good bond, and if desired 
quantities of the ?rst reagent up to 30% and 
higher may be employed with good results. 
The concentration of the second reagent in 

' the liquid solution, preferably water, is not critical 
but the strength of the cementitious material 
into which the ?lter cake is converted increases 
with concentration. An aqueous solution con 
taining from 15% to 50% by weight of the second 
reagent has been found to be most satisfactory. 

In the drawing there is shown a casing bonded 
to the wall of a bore hole in accordance with 
the invention. Numeral I indicates generally a 
bore hole which has been drilled into the earth 
through a plurality of formations including the 
producing formation generally indicated by the 
numeral 2. Mounted in bore hole I is a casing 
3 which may be suspended therein, as, for in 
stance, by means of casinghead 4 located at the 
surface of the earth 5. The lower end of easing 
3 is bonded with the Wall 6 of that portion of 
the bore hole I which passes through forma 
tion 2, so as to prevent the flow through the 
bore hole of fluids into the zone of formation 2 
from formations above or below this formation. 
The numeral 1 indicates the cementitious ma 
terial which is formed from the ?lter cake in the 
manner set forth in more detail hereinbelow, and 
which forms an intimate bond with the wall of 
bore hole I passing through formation 2. 
Numeral 8 designates a Portland-type cement 

which may be of any desired composition, but 
which is preferably a conventional oil well cement, 
of the type provided by the cement industry for 
use in oil wells. Such cement, as is well known 
to those skilled in the art, is a modi?ed Portland 
cement containing an increased amount of iron 
oxide and other additives whereby to make it 
more suitable than ordinary Portland cement 
for use in oil wells. 
The cement 8 forms a tight bond with the 

exterior of easing 3 and with the interior sur 
face of the annular body of cementitious ma 
terial 1. Figure 2 is provided to show in more 
detail the bond between the wall 5 of formation 
2, the cementitious material 7, the oil well cement 
8, and the wall of casing 3. It will be appreciated, 
of course, that the relative radial thicknesses of 
the sheath of cementitious material ‘I, the an 
nular body of Portland-type cement 8, and the 
Wall of easing 3, as shown in Figures 1 and 2 are 
representative only, and that they may vary con 
siderably from the relative dimensions shown. 
By way of example, in accordance with this 

invention, the bore hole through the formation 
to which the casing is to be bonded is drilled by 
the conventional rotary drilling method, such as 
is well known to those skilled in the art, using 
the special drilling fluid containing the ?rst 
reagent. The solid components of this drilling 
?uid may consist of the following: bentonite 60%; 
the ?rst reagent, magnesia (either hydrated or 
unhydrated), 30%; sodium hydroxide 3%; que 
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bracho 5%; and starch 2%. The drilling ?uid 
is then brought to any desired consistency by 
adding water thereto. For example, enough 
water may be added such that the ratio of water 
to solid components will be 7 to 3. By desirable 
consistency, as used above, is meant a consistency 
suitable for proper circulation through the drill 
ing string and bore hole. 
As drilling progresses through the selected for 

mation there will be deposited on the walls of 
the bore hole a ?lter cake comprising the solid 
components of the drilling ?uid described above. 
-When the well has been drilled to the desired 
depth, drilling is stopped, the drilling string with 
drawn, and the casing introduced into the well 
in the conventional manner. After the casing 
has been run in, an aqueous solution of mag 
nesium chloride, for instance, a solution contain 
ing 15% by weight of magnesium chloride, is 
introduced into the casing and passed down 
wardly therethrough to the bottom of the well 
and thence upwardly into‘ theannulus ‘between 
the casing and the wall of the bore hole whereby 
it will be brought in contact with the ?lter cake. 
Sufficient pressure is maintained on the well by 
any method known to those skilled in the art in 
order to insure that the pressure exerted by 
the magnesium chloride solution standing in the 
well is greater than the formation pressure ex 
isting in the formation to which the casing is to 
be bonded. Under such conditions it will be ap 
preciated that the magnesium chloride solution 
will penetrate and pass through the ?lter cake 
in much the same manner as the liquid compo 
nents of the drilling ?uid passed therethrough 
during the drilling operation. 
The magnesium chloride solution is permitted 

to stand in the well for a sufficient length of time 
to insure complete penetration of the ?lter cake. 
It has been found that 10 minutes is a su?'icient 
period of time to accomplish this purpose. There 
after, water is circulated down through the cas 
ing and up through the annulus to remove the 
excess magnesium chloride solution. 

After the excess of the magnesium chloride 
solution has been removed, a slurry of the Port 
land-type cement known as oil well cement is 
pumped into the casing to the bottom thereof 
and up into the annulus between the exterior 
of the casing and the ?lter cake, and permitted 
to set. ‘ 

When the method as set forth above is fol 
lowed, the magnesium chloride, upon passing 
through the ?lter cake, reacts with the magnesia 
contained in the ?lter cake, and the ?lter cake is 
thus converted into a cementitious material com 
prising magnesium oxychloride cement, with the 
other components of the filter cake acting some 
what as aggregate materials. The cementitious 
material formed in the manner set forth above 
forms a ?rm bond with the wall of the bore hole, 
and furthermore, is capable of forming a tight 
impervious bond with Portland cement or oil well 
cement which is introduced subsequently into the 
bore hole. ' 

Since the cementitious material is intimately 
bonded to the wall of the bore hole and is also 
bonded to the conventional oil well’ cement, which 
in turn forms a watertight bond with the exterior 
of the well casing, it is seen that a bond is formed 
between the exterior of the well casing and ‘the 
wall of the bore hole which precludes the verti 
cal passage of ?uids from formations above or 
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below into the formation to which the casing is ‘ 
‘bonded. 

and up through the annulus. 

> 6 
The;_composition of the drilling ?uid used in 

the above example is intended to be representa 
tive only since wide variations in composition 
are possible. For instance, it has been found 
that a drilling ?uid having as low as 10% of its 
solid components comprised of magnesia, forms‘ 
"a satisfactory ?lter cake for the carrying out of 

' this invention. Likewise, the percentage of mag 
nesia may be increased to any desired extent 
consistent with maintaining the drilling ?uid ‘in 

-- satisfactory condition as regards water loss, vis 
“cosity, thixotropic qualities, etc. 
'centration of the magnesium chloride solution is 

Also, the con 

not critical, it being found, however, that the 
strength of the resultant cementitious material 
increases with concentration. It is also neces 
sary for best results to use an excess of magne 
sium chloride in order to insure a complete re 
action between the ?lter cake and the magnesium 
chloride solution. It has been found, however, 
that a solution containing from 15% to 50% by 
weight of magnesium chloride dissolved in water 
is most satisfactory. ' 

While the above example is given to illustrate 
the forming of a bond in which the ?lter cake is 
converted into magnesium oxychloride cement, 
the oxy-acid cements of metals other than mag 
nesium will perform satisfactorily for this pur 
pose, as hereinbefore pointed out. For instance, 
the drilling mud used in drilling through the for 
mation to which the casing is to be bonded may 
contain 10% or more of lime (either hydrated or 
unhydrated), and a solution of calcium chloride 
may be brought into contact with the ?lter cake 
after the drilling is completed and the casing 
set to convert the ?lter cake into calcium oxy 
chloride cement. Likewise, an oxide or hydroxide 
of zinc, barium, cadmium, iron, copper, or a num 
ber of other metals or mixtures thereof may be 
included in the drilling mud whereby'a ?lter 
cake may be formed which may be converted 
into the corresponding oxy-acid cement by later 
bringing into contact with the filter cake a solu 
tion of a water soluble salt of the same metal 
or mixtures of metals. Also, complex cemen 
titious materials may be formed, as for instance, 
by including a mixture of magnesia and ferric 
oxide in the drilling ?uid and passing a solution 
containing magnesium chloride and ferric chlo 
ride through the ?lter cake thus formed. 
Furthermore, it has been found that a ?lter 

cake containing a suf?cient amount of the oxide 
or hydroxide of a ?rst metal, for instance mag 
nesia, may be converted into a cementitious ma 
terial by passing therethrough a wash solution 
comprising the soluble salt of a second metal, 
for instance, calcium chloride. As a further ex 
ample it has been found that a solution of barium 
chloride will react to convert into cement-like 
material ?lter cakes containing magnesia, lime, 
cupric oxide, or ferric oxide in the required 
amounts. However, best results are obtained 
when the oxide (or hydroxide) in the ?lter cake 
and the salt in the wash solution are compounds 
of the same metal. 
In another embodiment of the invention, a bore 

hole is drilled through the formation to which 
the casing is to be bonded using a drilling ?uid, 
the solid components of which include 10% by 
weight of lime. After drilling is completed, and 
the casing run into the bore hole, the excess of 
the drilling ?uid is washed out of the bore hole 
by circulating water down through the casing 

Thereafter, a ce 
ment slurry of special composition, as explained 
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below, is pumped down through the casing and 
up into the annulus where it is maintained until 
set. This cement slurry is made by mixing with 
the dry cement an aqueous solution of magne~ 
sium chloride. The amount of magnesium chlo 
ride used in the solution is preferably equal in 
weight to about one-tenth (-116) the weight of the 
dry cement, and a suilicient amount of the solu 
tion is employed to bring the cement slurry to 
pumpable consistency. Filtrate from the cement 
slurry prepared as set forth above comprises an 
aqueous solution of calcium chloride. The ex 
act nature of the reaction between the Portland 
type oil well cement and the magnesium chloride 
is not known; however, it has been observed that 
the ?ltrate from the cement slurry formed by 
mixing an aqueous solution of magnesium chlo 
ride with the dry cement comprises calcium chlo“ 
ride. 
The filtrate, calcium chloride solution, from 

the cement slurry penetrates the ?lter cake con 
taining the lime and converts into calcium 
oxychloride cement which bonds both to the Port 
land type cement introduced into the annulus 
and to the wall of the formation against which 
the ?lter cake was formed. 

While in the above example magnesium chlo 
ride was illustrated as having been added to 
the cement slurry to cause a calcium chloride 
?ltrate therefrom, it is to be understood that 
any other material, which when added to‘ a 
Portland-type cement slurry, will give a calcium 
chloride ?ltrate therefrom, may be used. For 
example, it has been found that ferric chloride, 
cupric chloride, and the chlorides of many other 
materials will cause the ?ltrate from Portland 
type cement to be in the form of an aqueous 
solution of calcium chloride. On the other hand, 
it has been found undesirable to add calcium 
chloride to the Portland-type cement slurry since 
the cement will tend to flash set if calcium 
chloride is added thereto in sufficient to react 
in the desired manner with the ?lter cake. 
The reason why Portland-type cement does 

not ?ash set in the presence of the calcium chlo 
ride ?ltrate produced by adding magnesium chlo 
ride (or other chlorides) thereto, while it does 
?ash set in the presence of a calcium chloride 
solution added directly thereto is not understood‘. 
However, this phenomenon has de?nitely been ob 
served, and it is speculated that the ?ash set in 
the latter case is caused by an excess of ‘calcium 
which, of course, is not increased by the addition 
of, for example, magnesium chloride. ' 
In a variation of the above described‘ method 

of bonding a casing in a bore hole, the drilling 
?uid may contain barium oxide and a solution 
of barium chloride may be used as the liquid 
component of the cement slurry. It‘ has been 
found that the ?ltrate from such cement slurry 
will not be in the form of a solution of calcium 
chloride as when magnesium chloride is em 
ployed, but rather remains in the form of barium 
chloride solution. Thus, according to this meth 
0d, the ?lter cake containing barium oxide is con 
verted into a cementitious material comprising 
barium oxychloride which is bonded both to the 
wall of the bore hole and to the Portland-type 
cement when set. . 
While in the examples given above the solu 

ticn used for converting the ?lter cake into a 
cementitious material has been represented as 
being the chloride (for instance, magnesium chlo 
ride, calcium chloride, etc.),, as. hereinbefore 
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pointed out, other soluble salts of the metals may 
be substituted for the chloride salt in the aqueous 
solution with more or less satisfactory results. 
For instance, when the ?lter vcake is formed by 
a drilling ?uid containing magnesia, the solution 
used to convert the ?lter cake to an oXy-acid 
cement may be a solution of magnesium sulfate, 
thus resulting in the formation of magnesium 
oxysulfate cement. Likewise, magnesium nitrate 
may be used and the ?lter cake thereby converted 
into magnesium oxynitrate cement. 
While preferred embodiments of this invention 

have been described in detail above, it will be 
appreciated by those skilled in the art thatnu 
merous minor changes may be made without de 
parting from the spirit and scope of the invention. 
For instance, under certain conditions it may 
be desirable to introduce the salt solution into 
the well through the drilling string whereby to 
convert the ?lter cake into cement-like material 
prior to withdrawing the drilling string and ‘in 
sorting the casing. Likewise, it may be desirable 
to bond the casing to the wall of the bore hole 
throughout the entire length thereof, in which 
case the special drilling fluid would be employed 
throughout the entire drilling operation. There 
fore, it is to be understood that this invention 
is not limited to ‘the speci?c examples set forth 
above, but rather is limited only in accordance 
with the appended claims. 
We claim: 
1. The method of forming a bond between the 

wall of‘a formation penetrated by a bore hole and 
the exterior of a well casing positioned in said 
bore hole which comprises drilling through said 
formation using a drilling ?uid containing a 
first reagent whereby there is deposited on the 
wall of said formationa ?lter cake containing 
said ?rst reagent, positioning said casing in said 
bore hole in a manner to form an annular space 
between said ?lter cake and said casing, introduc 
ing into said annular space and in contact with 
said ?lter cake a solution of a second reagent, 
subjecting said solution to suflicient pressure to 
cause a portion thereof to penetrate said ?lter 
cake, removing the excess of said solution, and in 
troducing into said annular space cement capable 
of bonding to the exterior of said casing, said 
?rst and second reagents being chemical com 
pounds capable of reacting to convert said ?lter 
cake into a cementitious material thereby pro 
viding a fluid impervious bond with the wall of 
said formation and with said cement in said an 
nular space. 

‘2. The method according to claim 1 in which 
said ?rst and second reagents are chemical com— 
pounds which react to form a Sorel cement. 

3. The method according to claim 1 in which 
said ?rst reagent is magnesia and said second 
reagent is magnesium chloride. 

4. The methodaccording to claim 1 in which 
said ?rst‘reagent is lime and said second reagent 
is calcium chloride. 

5. The method of forming a bond between the 
wall of a formation penetrated by a bore hole 
and the exterior of a well casing positioned in 
said bore hole which comprises drilling through 
said formation‘using a drilling ?uid containing 
a ?rst reagent whereby there is deposited on the 
wall of said formation a ?lter cake containing 
said first reagent, positioning said casing in said 
bore hole in a manner to form an annular space 
between said ?lter cake and said casing, intro 
ducing into said annular space cement contain 
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ing in solution a second reagent, and subjecting 
said cement to suflicient pressure to cause a 
portion of said second reagent to penetrate said 
?lter cake, said ?rst and second reagents being 
chemical compounds capable of reacting to con 
vert said ?lter cake into a cementitious material. 

6. The method according to claim 5 in which 
said ?rst and said second reagents are chemical 
compounds which react to form a Sorel cement. 

7. The method according to claim 5 in which 
said ?rst reagent is magnesia and said second 
reagent is calcium chloride. 

8. The method according to claim 5 in which 
said ?rst reagent is lime and said second reagent 
is calcium chloride. 

WILLIAM K. WILLIAMS. 
MILTON E. KROGH. 
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