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4 Claimis 

ABSTRACT OF THE DISCLOSURE 
Earth formation testing and treating apparatus for use 

with a tubular string of well pipe to be lowered thereWith 
into a well and operated therein by manipulation of the 
string to allow the introduction of fluid through the string 
into, or the withdrawal of fluid through the string from, 
an earth formation surrounding the well bore. The appa 
ratus includes a tubular barrel adapted to be connected to 
the string for longitudinal movement therewith in the well 
bore and in which valve means is movably disposed to 
allow relative longitudinal movement of the barrel and 
valve means, anchoring means adapted to be anchored 
in the well by manipulation of the string, and means posi 
tioned for coaction with the anchoring means and valve 
means to allow the barrel to be moved with the string to 
operate the valve means. The apparatus is also provided 
with fluid conducting mechanism through which fluid may 
flow through the string under the control of the valve 
means and which is operable by fluid pressure introduced 
through the string under the control of the valve means to 
establish fluid flow communication between the string and 
formation through the fluid conducting means. The appa 
ratus is adapted to be used with a well casing perforating 
device, such as a perforating gun, whereby a well casing 
may be perforated and fluid introduced or withdrawn 
from the formation at a predetermined location in the 
bore during a single trip of the string in the well bore. 

This invention relates to apparatus for the testing and 
treating of well formations and more particularly to appa 
ratus for use with a string of well pipe to be lowered 
therewith into a well bore and which may be operated 
therein to perform any of a number of formation testing 
and injecting procedures. 
The invention is capable of use to perform a wide vari 

ety of testing and treating operations on well formations 
and finds particular utility in connection with the perfora 
tion of well casing and the carrying out of testing and in 
jecting operations on the formation surrounding such cas 
Ing. 

In the operation of wells, such as oil and gas wells, it is 
customary to set a well casing in the well bore to wall off 
the surrounding formation and to perforate the casing at 
selected locations of the formation from which the oil or 
gas is to be obtained. The perforation of the casing is 
usually carried out by means of a perforating gun which 
is lowered in the bore and fired to provide openings into 
the formation at the desired location. The perforating gun 
is then removed and other equipment lowered into the 
bore to carry out such testing operations as may be de 
sired or to introduce fluids into or remove the same from 
the formation. 

Such well treating procedures, as commonly carried 
out, are extremely expensive and time consuming due to 
the necessity for the repeated removal from and reinser 
tion in the well bore of long strings of pipe in order to 
carry out all of the necessary operations. 
The present invention has for an important object, the 

provision of apparatus for incorporation in an operating 
string of pipe for lowering into a well bore with or with 
out a perforating gun and which is operable to carry out 
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2 
various testing and treating operations on a formation at 
a predetermined location. 
Another object of the invention is to provide apparatus 

adapted to be lowered into a well bore with a perforating 
gun by which the well casing is to be perforated at a de 
sired location and including mechanism which may be 
operated, during a single trip of the well string in the 
bore, to perform various tests and treatment of the forma 
tion through the perforations. 
A further object of the invention is the provision of ap 

paratus of the kind mentioned which is adapted for use 
with a perforating gun and which includes means operable 
by manipulation of the well string for locating selected 
ones of the perforations and utilizing the same for the 
testing or treatment of the formation at particular loca 
tions in the well. 
A still further object of the invention is to provide 

formation testing and treating apparatus of the kind re 
fered to which is of rugged construction, easily operated 
to perform a number of testing or treating procedures, 
and wherein the parts are readily replaceable for purposes 
of maintenance and repair. 

Summary of the invention 
Briefly described the apparatus of the invention com 

prises a tubular valve housing adapted to be connected to 
an operating string and within which valve mechanism is 
enclosed which is operable by manipulation of the string 
to control the flow of fluid through the string, fluid con 
ducting mechanism through which fluid may flow through 
the string under the control of the valve mechanism, 
means operable by manipulation of the string for anchor 
ing the valve mechanism in the well casing at a location 
with said fluid conducting mechanism positioned to allow 
the inflow of fluid from the string into the formation or 
the outflow of fluid from the formation into the string 
through a selected perforation in the well casing and to 
allow the string to be manipulated to operate the valve 
mechanism. 
The mechanism of the invention also includes means 

whereby the apparatus may be operated in a single trip 
of the string in the well with a perforating gun to se 
lectively position the apparatus for operation to carry 
out testing or treating procedures on the formation 
through one or more selected perforations produced by 
the gun. 

Brief description of the views of the drawing 
The above and other incidental objects of the invention 

may best be understood from the following detailed de 
Scription, constituting a specification of the invention, 
When considered with the annexed drawings, wherein 
FIGURE 1-A is a side elevational view, partly broken 

away and partly in cross-section, showing an upper end 
portion of the apparatus of the invention, the apparatus 
being shown inserted in the well preliminary to the an 
choring of the same therein and the setting of the fluid 
conducting means to allow the flow of fluid from or to the 
formation through a selected perforation of the well cas 
1ng 

FIGURE 1-B is a view similar to that of FIGURE 1-A, 
showing a central portion of the apparatus, FIGURE 
1-B being a downward continuation of FIGURE 1-A; 
FIGURE 1-C is a view similar to that of FIGURE 

1-A showing a lower end portion of the apparatus, FIG 
R 1-C being a downward continuation of FIGURE 

FIGURE 2 is a view similar to that of FIGURE 1-A, 
showing the apparatus anchored in the well casing and 
with the valve mechanism positioned for the setting of 
the fluid conducting mechanism preliminary to the carry 
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ing out of a testing or treating operation on the forma 
tion through the selected perforation of the casing; 
FIGURE 3-A is a view similar to that of FIGURE 

1-A showing the apparatus anchored in the well casing 
with the fluid conducting mechanism located and the 
valve mechanism in position to carry out a testing or 
treating operation on the formation through the Selected 
perforation; and 
FIGURE 3-B is a view similar to that of FIGURE 1-C, 

FIGURE 3-B being a downward continuation of FIG 
URE 3-A. 

Detailed description of a particular einbodiment of the 
invention 

Referring now to the drawings in greater detail, the 
apparatus of the invention, as presently illustrated, in 
cludes a tubular barrel 10, which is adapted to be con 
nected at its upper end to the lower end 12 of a tubing 
string, as by means of a coupling member 14 for lower 
ing with the string into a well bore which may have a 
casing or liner C therein. The lower end of the barrel 10 
is provided with a threaded plug 16, having a central 
opening 17, through which a tubular stem 18 is slidably 
extended. 
A valve housing 22 is disposed in the barrel 0 for 

limited longitudinal movement therein, and whose lower 
end is threadably connected to the upper end of the stem 
18. The barrel 10 has a longitudinal side slot 24 in which 
a screw 26 is slidable, which screw is connected to the 
housing 22 to prevent the housing from rotating relative 
to the barrel. 
The housing 22 is formed with fluid passageways 28 

and 30 whose upper ends open into an internal bore 32 
of the housing, and a valve 34 is slidably extended into 
the bore 32 which valve extends upwardly beyond the 
housing and is threadably connected to the connector 
member 14. The valve 34 is extended upwardly through 
the connector member into the string 12 and has a pas 
sageway 36 therein which opens laterally at its upper 
end into the string below the upper end of the valve and 
at its lower end to the exterior of the valve within the 
bore 32. The connector 14 also has a side passageway 
15 opening to the exterior at one end and whose other 
end opens into the lower end of the string 12 below the 
upper end of the passageway 36. The upper end of the 
valve is preferably tapered or pointed, as indicated at 
38. A breather opening 33 is provided in the housing 22 
through which fluid may flow into and out of the bore 
32 beneath the piston 34. 

Suitable seal forming means, such as the O-rings 40, 
42 and 44 are provided in the bore 32 located in internal 
grooves provided for the same to form fluid tight Seals 
between the housing and valve at locations above the 
upper ends of the passageways 28 and 36, between the 
same and below such upper ends. By this arrangement 
the valve housing 22 may be moved to one position to 
establish communication between passageways 36 and 
28 while closing passageway 30, or to another position 
to establish communication between passageways 36 and 
30 while closing passageway 28. 
An inner pipe 46 is positioned within the stem 18, ex 

tending longitudinally through the stem in inwardly spaced 
relation thereto to form an annular passageway 48 which 
is in communication at its upper end with the passage 
way 28 and an inner passageway 50 whose upper end is 
in communication with the passageway 30. The inner pipe 
46 is extended at its upper end into the lower end of the 
bore 32 of the housing 22 and is provided with suitable 
sealing means, such as the O-rings shown at 52 in the 
bore. 
The stem 18 and inner pipe 46 are threadably con 

nected at their lower ends to the upper end of an injector 
body 54, which in turn is connected at its lower end to 
the upper end of a perforation gun G, of conventional 
construction, as shown in FIGURE 1-C. 
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4. 
The body 54 has a lateral bore 58 mediate its ends, 

which opens at one end to the exterior of the body and 
at its other end into the bottom of an enlarged counter 
bore 60 which also opens to the exterior of the body. A 
piston 62 is movably disposed in the bore 58, whose outer 
end is provided with a seal forming element 64 positioned 
to be sealingly engaged with the internal Surface of the 
Surrounding casing when the piston is extended out 
wardly beyond the bore, and another piston 66 is mov 
ably disposed in the bore 58 in spaced relation to the 
inner end of the piston 62 and having an enlarged outer 
end portion 68 in the counterbore 60. The piston 66 has 
a central bore 70 into which a tubular stem 72 is con 
nected to the piston 62 is slidably extended, which stem 
has a plunger portion 74 in the bore 70 against which 
a coil spring 76 is seated at one end, whose other end 
bears against the bottom of the bore 70 to yieldingly 
urge the pistons 58 and 66 toward each other. The tu 
bular stem 72 opens at one end into a central opening 
78 in the seal forming element 64 and at its other end 
into the bore 70. The stem 72 with the pistons 62 and 66 
and the sealing member 64 thus form an injector nozzle 
arrangement through which fluid may be pumped into or 
removed from the formation through a perforation in 
the casing C. 
The body 54 has a passageway 80 which is in com 

munication with the passageway 48 in the stem 18 and 
which leads into the bore 58 between the pistons 62 and 
66 and a passageway 92 opening into the bore 58 between 
the pistons 62 and 66 and which passes downwardly to the 
lower end of the body. 
A flexible pipe 84 is connected at one end to the body 

54 in a recess 86 opening into the bottom of the counter 
bore 60 which pipe is in communication with the passage 
way 50 of the inner pipe 46, the other end of the flexible 
pipe being connected to the piston 66 in communication 
with the bore 70 thereof. The pipe 84 is disposed in a 
radial slot 88 in the enlargement 68 of piston 66. By 
this arrangement fluid from the passageway 48 may 
enter the bore 58 through passageway 80 to urge the 
pistons 62 and 66 apart, and fluid may flow from passage 
way 50 through pipe 84 and stem 72 for injection into 
the surrounding formation through a perforation in the 
casing C. 

Fluid may also flow from passageway 80 into passage 
way 82 around the reduced inner end portion 90 of the 
piston 66, which is loosely received in an inner end re 
cess 92 in the piston 62. 

Suitable sealing means, such as the rings 94 and 96, 
are provided on the pistons 62 and 66, to form fluid tight 
Seals between the pistons and the surrounding internal 
surface of the bore 58. 
An elongated, external, longitudinally slidable sleeve 

98 surrounds the stem. 18, which sleeve has an external 
upper end flange 100 positioned for abutment with the 
lower end face of the plug 16 of the barrel 10, and is pro 
vided with an elongated, longitudinal side slot 102 whose 
lower end is open and from which longitudinally spaced 
notches 104 extend peripherally. The stem 18 carries a 
pin, or the like, 106, extending radially therefrom, as 
best seen in FIGURE 3-B, which moves in the slot 102 
and which may be moved into and out of any selected one 
of the notches 104 to hold the sleeve and stem against 
relative longitudinal movement. 

Suitable anchoring mechanism is provided on the sleeve 
98 for anchoring the same at a desired location in the 
casing C, such as the externally toothed slips 108 formed 
with upper and lower internal tapered faces 110 and 112, 
respectively, which are positioned for engagement with 
the external tapered face 114 of an upper, stationary actu 
ator 116 mounted on the sleeve and the external tapered 
face 118 of a lower movable actuator 120 threadably 
carried on the sleeve, as seen at 122, to move the mem 
bers 108 radially outwardly into gripping engagement 
with the casing. The lower actuator 120 is provided with 
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friction elements 124 positioned for sliding engagement 
with the surrounding casing C to resist rotation of the 
actuator 120 in the casing to allow the sleeve 98 to be 
rotated in the lower actuator to move the same longitudi 
nally toward the upper actuator to set the slips or away 
from the upper actuator to release the slips. 
The upper end of the sleeve 98 is provided with an end 

projection or driving dog 126 which is positioned to en 
ter a lower end recess 128 in the plug 16 to cause the 
barrel 10 and sleeve 98 to rotate together and to allow 
independent rotation of the barrel relative to the sleeve 
when the projection is out of the recess. 

Suitable means, such as the cup type seal forming 
member 130, or other similar sealing device, having a 
central opening therethrough, through which the upper 
end 38 of the valve 34 may be extended, is provided, 
which may be inserted into the pipe string 12 and moved 
downwardly therein, under the influence of the down 
wardly flowing fluid in the string to position the member 
to close the side passageway 15, while leaving the passage 
way 36 open to the interior of the string. The member 
130 is eonstructed to close the string during the down 
ward movement of the member therein, but to be pene 
trated by the upper end of the valve to open the passage 
way 36 to the interior of the string when the member 
reaches the lower end of the string. 
In making use of the invention constructed as described 

above, the apparatus is lowered into the well with the 
perforating gun G attached to the lower end of the body 
54, as shown in FIGURE 1-C, the gun being preferably 
of a type having perforating charges therein, which are 
arranged in vertical alignment and at locations spaced 
vertically apart, as indicated at 132, at the same distance 
as are the notches 104 opening into the slot 102 of the 
sleeve 98. 
When the perforating gun has reached the location 

where it is desired to form perforations in the casing C, 
the string is rotated to turn the sleeve 98 relative to the 
slip mechanism to move the lower actuator 120 and 
sleeve relative to each other to expand the slips 108 
into gripping engagement with the casing to anchor the 
sleeve therein. Such rotation of the sleeve 98 is ac 
complished by engaging the projection 126 on the upper 
end of the sleeve in the recess 128 in the lower end of 
the plug 16. 
With the sleeve 98 thus anchored at the desired loca 

tion the string may be lifted somewhat while rotating 
the same slowly to cause the pin 106 to enter the lower 
end of the slot 102, whereupon the string may be moved 
upwardly until the pin 106 reaches the upper end of the 
slot 102. The string is then rotated to move the pin 106 
into the uppermost one of the notches 104 So that upon 
relaxing the upward lift on the string a slight loss of 
weight will be indicated which indicates that the pin is 
in the notch. When the apparatus has been thus set at 
the desired location the gun G is fired to make the perfo 
ration in the casing. 
An upward pull is then exerted on the string and the 

string rotated to move the pin 106 out of the uppermost 
notch 104, whereupon the string is lowered while exert 
ing a rotational force thereon to cause the pin 106 to en 
ter a selected notch below the uppermost notch which 
will be indicated by another slight loss of weight. 
The spacing of the parts is so arranged that, when the 

pin 106 is in the first notch below the uppermost one of 
the notches 104, the seal forming member 64 will be 
positioned to be moved radially into sealing engagement 
with the casing C about the uppermost perforation there 
in, whereupon the sealing cup 130 may be inserted in the 
string and pumped downwardly to close the passageway 
15 while leaving passageway 36 open to the interior of 
the string. By then lowering the string the barrel 10 and 
the housing 22 therewith may be moved to position pas 
sageway 36 in communication with passageway 28, so 
that pressure in the string will be applied through an 
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6 
nular passageway 48 to the bore 50 between pistons 62 
and 66 to move the piston apart, thus engaging the en 
larged portion 68 and the seal forming member 64 with 
the casing with the opening 78 in communication with 
the uppermost perforation of the casing. 
The string may then be lifted to shut of the flow of 

pressure from passageway 36 into passageway 28, thus 
trapping pressure in bore 58 between the pistons 62 and 
66 to hold the seal member 64 in tight sealing contact 
with the casing, while establishing communication be 
tween passageway 36 and passageway 30 so that fluid 
may be pumped through central passageway 50 and tubu 
lar stem 72 into the surrounding formation through the 
uppermost perforation. If desired fluid may also be re 
moved from the formation through central passageway 50 
and passageways 30 and 36 upwardly through the string. 
The apparatus may be similarly operated to allow fluid 

to be pumped into or removed from the formation 
through any selected one of the perforations of the cas 
Ing. 

It will be apparent that during the positioning of the 
apparatus at the desired location in the casing prior to 
the introduction of the sealing cup 130 in the string, cir 
culation may be maintained through passageway 15, 
which also serves to allow the removal of the sealing 
cup 130 by reverse circulation when desired. 
The passageway 82 below the injecting nozzle arrange 

ment may be used to furnish pressure from the string to 
other apparatus connected thereto in place of the gun G 
or this passageway may be plugged when not in use. 
The entire apparatus may be recovered with the string 

from the well by reengaging the driving dog 126 in the 
recess 128 and rotating the string in a direction to release 
the slips 108. 

It will, of course, be evident that the apparatus of the 
invention may be used in a number of different ways and 
for a variety of purposes in connection with the intro 
duction of fluids into or the removal of the same from 
well formations through perforations in the well casing 
and that more than one unit of the apparatus may be con 
nected to the well string for operation in the same way 
in the treatment of or production from formations at 
different depths in a well. 
The invention thus provides formation injecting and 

testing apparatus by which a wide variety of well opera 
tions may be carried out and which is easily operated and 
maintained. 
The invention is disclosed herein in connection with a 

particular embodiment of the same, which it will be 
understood is intended by way of example only, various 
modifications of the structure and mode of operation 
being contemplated within the spirit of the invention and 
the scope of the appended claims. 

Having thus clearly shown and described the inven 
tion, what is claimed as new and desired to secure by 
Letters Patent is: 

1. Apparatus for injecting fluid into and removing 
fluid from a well formation through a perforation in a 
well casing comprising 

(a) an injector body adapted to be connected to a 
string of well pipe for lowering therewith in a well 
casing having a perforation, said body having a bore 
opening laterally into the casing, 

(b) an injector member movable disposed in the bore 
for movement to a retracted position in the bore and 
to an extended position in engagement with the 
casing and having an opening through which fluid 
may flow through the perforation when the bore is 
in alignment with the perforation, 

(c) means for admitting fluid under pressure from the 
interior of the string into said bore at a location to 
move said member to said position, 

(d) means forming a passageway in communication 
with said opening and the interior of said string, and 

(e) means for discontinuing the admission of fluid 
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under pressure into the bore at said location when 
said member is in said extended position. 

2. The apparatus as claimed in claim 1, including 
(f) means for closing said passageway when said in 

jector member is out of said extended position and 
for opening said passageway when said member is 
in said extended position. 

3. The apparatus as claimed in claim 1, wherein said 
string is movable longitudinally relative to said body, and 
including 

(g) means for anchoring the body in the casing with 
Said bore in alignment with said perforation, and 

(h) means movable with the string relative to said 
body to a position to close the passageway during 
the admission of fluid under pressure into said bore 
and to another position to open said passageway and 
cause discontinuance of such admission. 

4. The apparatus as claimed in claim 3, wherein said 
anchoring means comprises 

(i) means movably carried by the string for longitudinal 20 166-126 
movement relative thereto, 

O 

5 

8 
(k) means for anchoring said movable means in the 

casing, and including 
(l) means on the body and anchoring means positioned 

for coaction to hold the body against longitudinal 
movement in the casing. 
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