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This invention relates to the acidizing of oil 

Wells and more particularly to a method of sub 
jecting the formation of a well to a multiple cycle 
method of acidizing and to equipment suitable 
for use in such a method. 

It is sometimes desirable in the acidizing of 
an oil well to withdraw the acid and pump in 
a new Supply. When the acid is traveling at too 
Slow a rate of speed into the formation, regard 
less of the pressure thereon, the formation is not 
effectively treated. The portion of the acid which 
is in contact with the formation has become par 
tially or wholly spent and it forms a separating 
liquid between the unspent portion of the acid 
and the formation. With a faster rate of travel 
it may correctly be assumed that a tapered chan 
nel is being formed with the larger end of the 
channel nearest to the well bore. It is of course 
desirable to have the acid penetrate as far as pos 
Sible from the well bore and if the acid is not 
traveling at a fairly fast rate of speed the bore 
created by reaction of the acid with the forma 
tion has a large taper but short length and the 
acid penetrates less distance. If this acid can 
be removed from the formation and new acid 
Supplied thereto it will have a chance to start 
Working quickly at the point where the old or 
Spent acid ceased reacting. In Some cases it 
may be desirable to remove the spent acid and 
Supply new acid several times before obtaining 
great penetration. Where a chemical agent is 
added to the acid which tends to increase its 
penetrating properties, as is Well known in the 
art, this problem is not so pronounced but in 
Some cases does nevertheless exist. 

It is difficult and dangerous and practically 
impossible to remove unspent acid from a tubing 
in an oil well by swabbing. Therefore, unless 
the acid can be brought out of the well due to 
natural pressures in the formation it is very diffi 
cult to remove it by Ordinary means. In accord 
ance with the present invention a Special appa 
ratus has been devised for removing acid which 
has been pumped into a formation through tub 
ling. 

Accordingly, it is one object of the invention 
to devise a novel method of acidizing an oil well 
by a multiple cycle process in which fresh acid 
may be supplied to the formation to be treated 
as many times as desired. 

It is a further object of the invention to devise 
a method of multiple cycle acidizing of the for 
mation of a well which is safe in operation and 
which permits the cycles of the process to be car 
ried out rapidly and effectively. 

Y It is still a further object of the invention to 
devise equipment for use in the acidizing of oil 
wells by means of which the acid can be conveyed 
into and out of the formation safely and expedi 
ently. 
One element of the equipment forming a part 

of the present invention is a circulating Valve 
which may be used for other purposes. This 
circulating valve per se is disclosed and claimed 
in the co-pending application of Christian W. 
Savitz, Serial No. 212,054, filed June 6, 1938, for 
“Circulating valves'. 
Other objects and advantages of the invention 

reside in certain novel features of the method 
and apparatus as will be apparent from the fol 
lowing description taken in connection. With the 
accompanying drawing, in Which: 
Figure is a view in side elevation of a well 

head and apparatus adapted to be lowered into a 
well and illustrating preferred equipment for car 
rying out the principles of the present invention; 

Figure 2 is a view in Vertical CrOSS-Section of 
a circulating valve used in the arrangement of 
Figure 1; 
Figure 3 is an imaginary view of the formation 

of a well during the process of acidizing Same; 
and 
! Figure 4 is an imaginary View of the forma 
tion after it has been subjected to Several cycles 
of fresh acid in accordance With the present in 
vention. 

Referring to the drawing in detail and first to 
the showing of Figure 1, it will be seen that the 
Casing of a well is there shown at , the casing 
being provided with a head 2. Within the cas 
ing, tubing 3 is placed, this tubing extending 
doWn into the Well to Some point beneath the 
Casing shoe (not shown in the drawing) and be 
ing provided at its lower end with a circulating 
Waive assembly 4, a packer 5 of any suitable 
type and a perforated anchor pipe 6 through 
which acid may be supplied to the formation of 
the Well which is to be treated. 

In the drawing the packer 5 is illustrated as. 
of the Wall type. If the packer is to be set in 
the lower portion of the casing a hook-Wall 
packer may be employed, and if the packer is to 
be set into a rat hole or into a hole of Smaller 
diameter than the casing a cone packer may be 
employed. 
The upper end of the tubing 3 above the case 

ing-head 2 is connected to an enlarged section 
of pipe which is called a lubricator, and this 
Section of pipe is in turn connected to the eleva 
tors 8 of the drilling rig so that the tubing may 
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2 
be raised and lowered through the casing i? and 
casinghead 2. It will be understood that the 
casinghead 2 is of such type that a Seal is main 
tained between the casing and the tubing therein. 
As partially shown in Figure 1 a Swab 9 may 

be run through the tubing, this Swab being pulled 
up into the lubricator 7 when not in use. The 
swab may be of any known type and is supported 
by means of a wire line or cable 20 Which paSSeS 
through a wire line oil saver 2 of known type 
mounted on top of the lubricator . 
To carry out the multiple cycle acidizing proC 

ess conduits are connected both to the tubing and 
to the casing as illustrated in Figure 1. The Con 
nections illustrated show the preferred arrange 
ment but the method can of course be carried out 
with connections other than those illustrated. It 
is preferable to connect the pump of the truck 
in such a way that fluid may be forced into the 
well therefrom, either into the casing or into 
the tubing 3. Thus, the conduit 22 which is con 
nected to the pump on the truck is connected 
by T-connection 23 to conduits 24 and 25. Con 
duit 24 which contains the valve 26 is connected 
to the lubricator T and hence to the interior of 
the tubing f3. Conduit 25 contains the Valves 
27 and 28 and is connected to the casinghead 
2 so as to Supply fluid to the annular Space be 
tween the tubing 3 and the casing . Due to 
the fact that in certain operations the tubing 3 
must rotate within the casing f, the conduit 25 
must be flexible and of such length to permit the 
desired amount of rotation. 

It is also desirable at certain phaSes of the 
operation of the equipment to discharge fluids 
from either the casing or the tubing 3 either 
into the acid tank or to the sump of the Well. 
Connections for this purpose may be illustrated, 
there being a conduit 29 connecting the tubing 3 
to the conduit 30 which is connected to the tank 
and a conduit 3 connecting the casinghead 2 
to the conduit 32 which leads to the sump. The 
conduits 3 and 32 are connected to each other 
by means of a flexible conduit 33 similar to the 
conduit 25 mentioned above, and Valves are 
placed in the discharge arrangement as shown 
at 34, 35, and 36. 
With the connections at the Well head as illus 

trated it will be seen that any desirable circulation 
can be effected. Fluid can be pumped either into 
the tubing or into the casing and can be dis 
charged from either the tubing or the casing into 
the acid tank or into the slush pit or sump merely 
by manipulation of the valves. 
The circulating valve 4 of Figure 1 is shown 

in detail in cross Section in Figure 2. 
The circulating valve assembly includes an 

outer cylindrical member or sleeve 37 to which a 
guiding and lifting member 38 is screw threaded 
at the upper end and to Which a coupling and 
packing member 39 is connected at the lower end. 
Within this sleeve 3 a nandrel 40 is mounted, 
this mandrel being Screw threaded at its upper 
end and connected to the tubing 3 as illustrated 
in Figure 1. 

. At its lower end the mandrel 4) is provided 
with an enlargement 4f which provides means for 
transnitting force from the tubing to the sleeve 
3. This enlargement also provides means for 
controlling relative movement between the 
mandrel 4 and the sleeve 37. The enlargement 
4 is provided with a number of J-slots 42 and the 
sleeve 3 is provided with a number of pins 43 
which project into the slots 42. The pins 43 
normally occupy the horizontal portions of the 
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J-slots 42, but upon the mandrel 40 being lifted 
and rotated to the left as viewed from the top in 
Figure 2, the slots travel relative to the pins and 
the pins are in the longitudinally extending por 
tions of the J-slots, at which time the mandrel 
may be raised and lowered with respect to the 
sleeve 3. 

Beneath the enlargement 4 and the control 
means just described the mandrel has a depend 
ing portion or sleeve 44 which is provided with 
openings 45 substantially midway of its length, 
the sleeve 44 being closed at its lower end. With 
the parts in the position shown in Figure 2 the 
sleeve 44 extends into the bore 46 of the member 
39, and since this bore is of a larger diameter 
than the diameter of the sleeve 44 fluid may flow 
from the tubing through the bore 47 of the man 
drel 40 and through the sleeve 44 and ports 45 
into the bore A6 and on downwardly and out 
Wardly through the perforations in the anchor pipe 
6 shown in Figure 1. Upon the mandrel 40 be 

ing raised with respect to the sleeve 37 the ports 
45 in the sleeve 4 move upwardly through the 
packing 48 and prevent the flow of fluid as just 
described, since the lower portion of the sleeve 
A4 seals off the top of the bore 46. At this time, 
however, the ports 45, being above the packing 
48, connect the bore 47 of the mandrel 40, and 
hence the tubing 3 to the exterior of the Sleeve 
37 flow in this manner being through openings 
49 provided in the sleeve 37. 

It will thus be seen that the circulating Wave 
provides means for either opening or closing the 
tubing at a point near the anchor pipe 6 and 
the packer 5 when desired, and that whenever 
this tubing is closed for longitudinal flow to a 
point beneath the packer, it is open for flow to 
or from the annular Space between the tubing 
and the casing at a point above the packer 5. 
The opening and the closing of the circulating 

valve may be controlled from the Surface of the 
Wel. 
To carry out the acidizing process in accord 

ance with the invention the equipment illustrated 
is first run into the Well. While it is being run 
the parts of the circulating valve occupy the 
position shown in Figure 2, and since it may be 
assumed that the Well is full of oil or other fluid 
it Will be filled With oil as it is lowered into the 
well. The packer 5 is then set and Seals off the 
tubing from the Wall of the Well. 
In accordance with the invention the next step 

in the process is to Open the circulating Valve and 
"bleed' the tubing of the oil therein. Acid which 
is to be forced into the formation is pumped into 
the tubing through the conduits 22 and 24, all 
the valves except 26 and 36 being closed at this 
time. As the acid moves downwardly within the 
tubing 3 the oil which is below it is forced out of 
the tubing above the packer through the circulat 
ing valve and flows upwardly through the casing 
and out into the Sump through the conduits 3 
and 32. This "bleeding' process is continued 
until the acid is down in the tubing to a point 
Some slight distance above the circulating valve, 
at which time the circulating valve is closed and 
the parts occupy the position shown in Figure 2. 
Punping of the acid is then continued and the 
acid is forced into the formation below the 
packer f. 

Before continuing with the description of the 
additional steps in the process it should be noted 
here that the “bleeding' action just described is 
different from that which takes place where acid 
is Ordinarily pumped into a Well through tubing 
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2,148,251 
which is provided with a packer. In the ordinary 
process the tubing is filled with oil and this 
oil is 'bled' out of the tubing at the bottom be 
low the packer. The result is that during the 
"bleeding' operation the seat for the packer is 
often partially washed away, especially in soft 
formations, and this makes it difficult to main 
tain a proper seal with the packer. A further 
advantage of the present arrangement results 
from the fact that during the "bleeding' opera 
tion the formation and all of the well beneath 
the packer is sealed off and is not subjected to 
any variations in pressure due to the difference 
in density between the acid and the oil which 
in Some cases tend to contaminate the formation 
Or force oil into the formation. It it were not 
for the fact that when the circulating valve is 
open the ports 45 in the sleeve 44 move above the 
packing 48 to seal off the lower portion of the 
tubing as described above, there would be some 
tendency for the oil in the tubing to flow on 
downwardly and into the formation as acid is 
supplied to the tubing and the oil removed 
therefrom. 

Continuing with the process, let us assume 
that after the initial quantity of acid has been 
forced into the formation the reaction has slowed 
down and that it is desirable to remove this acid 
and supply a fresh quantity to the formation. It 
may be assumed that the Smaller bores or capil 
laries of the formation have been eaten away 
until they have the appearance shown at 50 in 
Figure 3. It is obvious that merely increasing 
the pressure on the acid will not tend to make 
the acid penetrate any farther but that it is 
necessary to remove the spent or partially spent 
acid and subject the formation to a fresh quan 
ity in order to enlarge the bore and make it 
take the shape shown at 5 in Figure 4. 
Now it may be that the formation pressure is 

not very great and is insufficient to remove the 
acid from the Well. One skilled in the art would 
immediately suggest that the Well should be 
swabbed in order to remove this acid, but this is 
extremely dangerous and expensive. It is im 
possible in any swabbing operation to prevent 
the fluid being Swabbed from passing up with the 
wire line which operates the Swab, Splattering 
around the drilling rig, and on the driller or 
other workmen thereon. If an attempt were 
made to Swab acid, it is obvious therefore that 
it would be hazardous for the workmen and also 
very destructive on the equipment. 

In accordance with the present invention 
Swabbing is employed but steps are first carried 
Out so that only oil or other harmless fluid is 
lifted by the Swab. The conditions encountered 
When it is first decided that the acid should be 
removed from the well and replaced are such 
that the entire tubing is filled with fresh unspent 
acid and the lower portion of the well beneath 
the packer is filled with spent or partially spent 
acid. In accordance with the present inven 
tion the unspent acid in the tubing 3 is first 
removed from the well. This is accomplished 
simply by opening the circulating valve and forc 
ing oil or other fluid downwardly within the cas 
ing. The pump is connected to a supply of oil, 
and this is forced inwardly through the con 
duit 22 and into the casing , the valves 27 and 
28 in the conduit 25 being open and the valve 
26 closed. On the discharge side of the connec 
tions at the Well head the valves 35 and 36 are 
closed and the valve 34 open. Since the bottom 
of the tubing is then closed off, the oil forced 

Search Roon 

3 
downwardly in the annular space between the 
casing f and the tubing 3 causes the unspent 
acid in the tubing 3 to flow back into the acid 
tank through the conduit 30. When all of this 
unspent acid has been removed from the tubing 
the tubing will be full of oil. The circulating 
valve is then closed and the oil in this tubing 
is Swabbed by the Swab 9 until the unspent or 
partially spent acid has been brought to the 
tubing from the formation and from the Well be 
neath the packer 5. It will be noted, however, 
that only the oil and not the acid is Swabbed, 
although the swabbing action causes the acid to 
leave the formation. After this SWabbing opera 
tion the circulating Valve may again be opened 
and the spent or partially spent acid which is 
then in the tubing 3 may be circulated out 
of the tubing by again forcing downwardly 
through the annular space between the tubing 
and the casing, the tubing again filling with oil. 
If the acid then in the tubing is spent or nearly 
spent, this particular step may not be neces 
sary, however. 

After this operation has been completed the 
entire cycle of supplying acid to the forma 
tion and removing it therefrom may be repeated 
as many times as desired or until the forma 
tion begins to take the acid at a more rapid 
rate. 
While the method and equipment have been 

described above in some detail, it is obvious that 
both the method and the equipment may be used 
in various ways without departing from the spirit 
of the invention or the scope of the annexed 
claims. 

I claim: 
1. Apparatus for the multiple cycle acidizing 

of a formation of a well including tubing adapted 
to be run in the well, a packer near the lower 
end of said tubing, a circulating valve in the tub 
ing above the packer and adapted to be opened 
or closed by manipulation of said tubing, and 
connections at the surface of the well for circu 
lating fluid downwardly or upwardly through 
said tubing as desired. 

2. Apparatus for the multiple cycle acidizing 
of a formation of a well including tubing adapted 
to be run in the Well, a packer near the lower 
end of said tubing, a circulating valve in the tub 
ing above the packer and adapted to be opened 
Or closed by manipulation of said tubing, and 
connections at the surface of the well for cir 
culating fluid down Wardly or upwardly through 
said tubing as desired, said circulating valve have 
ing means therein for preventing the flow of 
fluid through said tubing to a point beneath the 
packer when said circulating valve is open to per 
mit circulation above said packer. 

3. The method of multiple cycle acidizing of 
a formation of a well which includes lowering a 
valved tubing into the well, packing off the tub 
ing near the bottom thereof, opening the valve 
and pumping acid down the tubing to bleed off 
fluid in the tubing through the valve, closing 
the valve, forcing some of the acid in the tubing 
into the formation to be treated, allowing this 
portion of acid to react Wholly or partially with 
the formation, removing the unspent acid from 
the tubing by opening the valve and forcing the 
acid upwardly by reverse circulation. With oil. 
or other inert fluid passing downwardly outside 
of the tubing and displacing the acid therein, 
closing the valve and SWabbing the inert fluid 
then in the tubing, to draw the spent or partially 
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4. 
removing the spent or partially spent acid from 
the tubing and repeating the cycle recited as 
many times as necessary or desirable to repeat 
edly subject the formation to fresh unspent acid. 

4. The method of multiple cycle acidizing of 
a formation of a Well which includes lowering a 
valved tubing into the well, packing off the tub 
ing near the bottom thereof, opening the valve 
and pumping acid down the tubing to bleed off 
fluid in the tubing through the valve, closing 
the valve, forcing some of the acid in the tubing 
into the formation to be treated, allowing this 
portion of acid to react wholly or partially with 
the formation, removing the unspent acid from 
the tubing by opening the valve and forcing the 
acid upwardly by reverse circulation with oil or 
other inert fluid passing downwardly outside of 
the tubing and displacing the acid therein, clos 
ing the valve and Swabbing the inert fluid then 
in the tubing to draw the spent or partially Spent 
acid out of the formation into the tubing, re 
moving the spent or partially spent acid from 
the tubing by again opening the Valve and again 
forcing the acid in the tubing upwardly by re 
verse circulation with oil or other inert fluid 
and then repeating the cycle recited as many 
times as necessary or desirable to repeatedly Sub 
ject the formation to fresh unspent acid. 

5. In the acidizing of the formation of a well 
by the use of a tubing lowered into the well 
and packed off at the bottom, the method of 
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safely removing the acid from the well should 
it become necessary or desirable to do so, which 
includes opening the tubing at a point above 
the place where it is packed off and forcing an 
inert fluid downwardly outside of the tubing to 
force the acid out of the tubing by reverse cir 
culation until the inert fluid has displaced the 
acid, then closing the tubing at the point where 
it was opened and Swabbing the inert fluid to 
draw the acid out of the formation into the tub 10 
ing and then removing the acid thus drawn into . 
the tubing. 

6. In the acidizing of the formation of a well 
by the use of a tubing lowered into the Well and 
packed off at the bottom, the method of safely 
removing the acid from the well should it be 
come necessary or desirable to do so, which in 
cludes opening the tubing at a point above the 
place where it is packed off and forcing an inert 
fluid downwardly outside of the tubing to force 
the acid out of the tubing by reverse circulation 
until the inert fluid has displaced the acid, then 
closing the tubing at the point where it was 
opened and Swabbing the inert fluid to draw the 
acid Out of the formation into the tubing and 
then removing the acid thus drawn into the tub 
ing by again opening the tubing and forcing an 
inert, fluid downwardly outside of the tubing to 
force the acid upwardly therein by reverse circu 
lation. 

CHRISTIAN W. SAVITZ. 
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