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ABSTRACT OF THE DISCLOSURE 

A subsurface earth formation tester having a large flow 
passage closed by a compound valve having major and 
minor valve seating areas, the valve being opened by a 
hydraulic delayed acting mechanism which causes the 
preliminary closure of an unloader valve and setting of 
a packer below the valve mechanism, the valve being clos 
able by positive coengagement of abutting parts or by 
a spring and the tester having a latch mechanism for 
securing the assembly in conditions with the valve open 
or closed. - 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to formation testing, ap 
paratus, and more particularly to formation testing appara 
tus adapted to allow the flow of large volumes of forma 
tion fluid therethrough. 

In the testing of the productivity of certain subsurface 
earth formations traversed by a well bore, for example a 
gas producing formation of relatively high pressure, say 
5000 p.s.i., it is the practice to set in casing extending 
through the productive zone a formation testing assembly 
which may characteristically comprise a tester valve or 
main valve assembly installed in a running in string of 
drill pipe or other tubular conduit, the pipe string having 
below the tester assembly a packer engageable with the 
casing to isolate the formation to be tested from the re 
mainder of the well bore thereabove, the packer includ 
ing, typically, an anchor to hold it against upward move 
ment in the well bore, and an unloader valve being usually 
provided in the packer or in the packer assembly to en 
able the balancing of pressure across the packer when it 
is desired to release the same. When the packer has been 
set, and the unloader valve is closed, then the normally 
closed main tester valve may be opened. However, in the 
case of high pressure formations, as aforementioned, the 
pressure is productive of extremely high forces which 
tend to prevent opening of the main valve if the valve 
passage is suñiciently large as to allow high volume flow 
of the formation fluid. Moreover, if for some reason the 
packer and unloader valve below the tester have not been 
properly set and closed, the fluid or mud in the well which 
has been employed to hold the formation ñuid back in 
the formation will pass through the main valve into the 
running in string of pipe and prevent proper flow of the 
formation ñuid for testing purposes. 

SUMMARY OF THE INVENTION 

Accordingly, among the objectives of the present inven 
tion is the provision of a formation tester main valve as 
sembly which is adapted to be opened against relatively 
high formation pressure and which affords a relatively 
large ñow passage through the main valve assembly to 
enable the flow of a large volume of test fluid there 
through. 
Another object is to provide main valve means for a 

formation tester which is not only constructed to allow 
large volume flow when the main valve is open, but which 
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also may be closed when the test is completed. More 
particularly, in accordance with this objective the valve 
in a specific embodiment is latched open and positively 
closed as the tester pipe string is moved upwardly in the 
well bore. 

Still another object is to provide a formation testing 
main valve mechanism including a delayed acting as 
sembly adapted to be latched in one condition at which 
the main valve is closed, and upon release of the latching 
means to impose a ldownward force on the pipe string 
therebelow to cause effective setting of the packer against 
the well wall or casing in advance of the opening of the 
main valve. 
A further object of the invention is to provide a forma 

tion testing main valve assembly having telescopic body 
parts adapted to be held by latch means in a first running 
in condition and upon release of the latch means to be 
telescoped one into the other, the body parts having means 
therein providing an hydraulic resistance to such tele 
scopic movement so that an axial force will be transmitted 
through the body parts to cause the setting of a packer 
below the main valve assembly. 
A still further object is to provide a formation testing 

main valve assembly according to the next preceding ob 
ject in which the telescopic body parts are adapted to be 
held by latch means in a second position at which the 
main valve is open. 
Yet another object of the invention is to provide a 

formation testing main valve assembly which is durable, 
easy to use in that it may be latched and unlatched in its 
running and retrieving and in its testing positions by sim 
ple rotary motion of the running in string of pipe, and 
effective in its operation. 

Other objects and advantages of the invention will be 
hereinafter described or will become apparent to those 
skilled in the art, and the novel features of the invention 
will be defined in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIGS. 1a and 1b are views schematically illustrating 

a -formation testing string of tools disposed in a well bore 
traversing a formation to be tested, the packer being set 
against the casing, FIG. lb being a downward extension 
of FIG. la; 

FIG. 2a is a view in longitudinal‘section through the 
upper telescopic section of the main valve assembly, show 
ing the parts latched in a running in condition; 

FIG. 2b is a downward extension of FIG. 2a, showing 
one embodiment of the compound valve in a closed posi 
tion; 
FIG. 2c is a downward extension of FIG. 2b, showing 

the unloader valve open; 
FIG. 3a is a view corresponding to FIG. 2a but show 

ing the parts telescoped one into the other to effect open 
ing of the main valve following setting of the packer, 
the latch being free; 
FIG. 3b is a downward extension of FIG. 3a, showing 

the compound valve open; 
FIG. 3c is a downward extension of FIG. 3b, showing 

theunloader valve closed; 
FIG. 4 is a transverse sectional view as taken on the 

line 4-4 of FIG. 2a; 
FIG. 5 is a transverse sectional view as taken on the 

line 5_5 of FIG. 3a; 
FIG. 6 is a transverse sectional view as taken on the 

line 6-6 of FIG. 2a; 
FIG. 7 is a fragmentary view in longitudinal section 

showing a modified compound Valve assembly in the 
closed position; 

FIG. 8 is a fragmentary view in longitudinal section 
showing the valve of FIG. 7 in the open position; and 
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FIG. 9 is a fragmentary View in longitudinal section 
showing the relief assembly of FIG. 1. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Like reference characters in the several views of the 
drawings and in the following detailed description desig 
nate corresponding parts. 

Referring to FIG. 1, there is shown schematically a 
well bore W in which casing C has been set and cemented, 
a productive subsurface zone Z being in communication 
with the well inside the casing through jet or bullet per 
forations .I extending through the casing and cement and 
into the formation. Disposed in the well on a string of 
running in pipe S such as drill pipe are the tools illustra 
tively employed for isolating the formation or zone Z from 
the well bore thereabove and for controlling the flow of 
ñuid from the formation Z undergoing test. Included in 
the tools in the pipe string S is a retrievable packer as 
sembly which may be of the type more particularly shown 
and described in United States Letters Patent 3,094,169, 
issued June 18, 1963, to Martin B. Conrad. This packer 
includes a packing rubber 2 which is normally smaller 
than the casing C but which is expansible outwardly into 
sealing contact with the casing responsive to the applica 
tion of a “set-down” load on the lower anchor slips 3 
which are expanded outwardly by a cone 4 into anchor 
ing engagement with the casing when the packer body or 
mandrel 5 is moved downwardly relative to friction drag 
means 6 which hold the slips 3 against downward move 
ment. The packer P also includes hold down slips 7 held 
in anchoring engagement with the casing by a cone 8. 
This type of packer is well known and needs no further 
showing or description herein, except to note that it will 
have a central passage for the flow of fluid from forma 
tion Z upwardly through the packer assembly. 

In the tool string above the packer P is an unloader 
valve U which may be of the construction more particu 
larly described in United States Letters Patent 3,094,306, 
issued June 18, 1963, to Martin B. Conrad. This valve 
has a suitable number of ports 9 adapted to be in com 
munication with the ñow passage through the packer P 
as the tool string is being run into the well through the 
ñuid column in the latter, and the valve U being closed 
responsive to the set down load which sets the packer, 
but subsequently re-opened when the packer is to be re 
trieved so as to balance internal and external pressures. 

In the tool string above the unloader valve U is a tester 
main valve assembly T made in accordance with the in 
vention, there tbeing above the tester T an indefinite 
length of pipe or Weighted drill collars in which is a re 
lief plug assembly R. 

Generally, included in the tester main valve assembly is 
main valve means (FIGS. 2b, 3b, 7 and 8) hereinafter to 
be described, which is normally closed, but which is v 
adapted to be opened upon telescopic movement of al1 
upper body 10 downwardly relative to the lower body 
11 of the tester valve assembly T. Means (FIGS. 2a and 
3a) are also included in the assembly T for causing the 
delayed opening of the main valve means during such 
telescopic movement of bodies 10 and 11 and as the un 
loader Valve U and the packer P are respectively being 
closed and set. Also included in the tester main valve 
assembly are latch means (FIGS. 2a, 3a, 4 and 5) for 
releasably holding the bodies 10 and 11 against telescopic 
movement in both the running in and testing or valve open 
positions of the bodies 10 and 11. 

Referring to FIGS. 2a, 3a, 4 and 5) the latch means 
will be seen to comprise cooperative latch means on the 
inner, upper tubular body 10, and on the outer, lower 
tubular body 11. 
More specifically the outer body 11 includes, in the il 

lustrative embodiment, an elongated upper body section 
15 threadedly or otherwise connected at 16 to a down 
wardly extended intermediate body section 17 and having 
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4 
a bushing 18 threaded into its upper end, the inner body 
y10 slidably-extending through the~ bushing 18. The latch 
means may be of any desired type well known in sub 
surface oil tools as J-locks including, in the illustrative 
embodiment, a pin 12 on the body 10 projecting radially 
therefrom into a slot in the outer body member 15, the 
slot including an elongated, axially extended portion 13, 
an upper circumferential leg 14a, and a lower circum 
ferential leg 14h, whereby the bodies may be latched in 
their relative telescopic positions for running and re 
trieving the string of equipment. 

Relative telescopic movement of bodies 10 and 11 is 
limited to the extreme positions shown in FIG. 2a, in 
which the bodies are extended, and in FIG. 3a, in which 
the body 10 has moved downwardly in the body 11. In 
FIG. 2a, the latch member 12 engages the upper stop of 
latch leg 14a; while in FIG. 3a, the latch member 12 
engages the lower stop of leg 14b. At either of the ex 
treme positions body 10 may be rotated to lock the 
bodies against telescopic movement. Rotation of the low 
er body 11, if course, is resisted by the friction drag 
means 6 of the packer P previously described. 

Time delay means in the specifically illustrated form 
of an hydraulic ñuid transfer device are incorporated in 
the main valve assembly for delaying the telescopic move 
ment of bodies 1t) and 11 in the contracting direction, 
while causing a longitudinal downward force to be applied 
to the lower body 11. Such time delay means includes 
the intermediate body section 17 in which is a cylinder 
or bore 45, the lower end of upper body section 15 ex 
tending into the bore 45 and ‘being sealed as at 46 to pro 
vide an upper end wall, and the body section 17 having an 
inwardly extending reduced diameter section 47 providing 
a lower wall axially spaced from the end of body section 
17. The inner body 10 includes adjacent its inner end an 
outstanding *barrier wall or piston 48 sealingly engaged 
as at 49 with and slideable along the cylinder or bore 45. 
In the specific embodiment shown the »barrier wall or piston 
is formed on a separate lower body section 50 of fbody 
10, this section S0 being threadedly or otherwise made 
a part of the body 10 as at 51. Suitable sealing means 52 
are provided at the joint between the main body 10 and 
its section 50. 

In addition sealing means are provided at 53 between 
the body 10 and the lower end of outer body section 15 
and at 54 between inner body section 50 and reduced 
section 47 of the outer body section 17, so that there is 
effectively provided a closed hydraulic chamber 55 sepa 
rated by the movable piston or wall 4S. Filler and vent 
openings provided `with removable plugs are provided at 
56 and 57 so that the chamber may be ñlled with hydraulic 
ñuid or oil. Passage means are provided in the piston or 
barrier wall 48 as by the provisions of a number of holes 
58 extending axially therethrough whereby the piston will 
bypass fluid as the bodies 10 and 11 are telescoped in op 
posite axial directions. Fluid transfer retarding means are 
provided to impede flow of chamber fluid through passages 
58 as the tbody 10 moves downwardly relative to body 11, 
such means comprising in the illustrative embodiment an 
oriñce ring 59 having reduced diameter or restricted ports 
60 aligned with passages 58, the ring being secured at 
spaced locations, as by screws 61, to the underside of 
piston or barrier wall 48. This ring 59 is composed of 
flexible material, or may be loosely secured by screws 61, 
so that upon upward movement of tbody 10 relative to 
body 11 the ring will move away from the lbarrier wall 
48 in at least the region of passages 58, thereby alleviating 
the restriction and allowing relatively free transfer of 
fluid through the passages 5S. Due to the restriction of 
such fluid transfer by ports 60 during downward move 
ment of body 11, it will now be understood that down 
ward movement of body 11 will be delayed or impeded, 
while a downward force is hydraulically transmitted to 
the body 10, such force being desired and necessary to set 
and anchor the packer P in the use of the present inven 
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tion in advance of opening of the main valve means now 
to be described. 
One embodiment of a main valve means is illustrated 

in FIGS. 2b and 3b in which the valve is shown open and 
closed, respectively. This valve means includes a tubular 
valve body or housing consisting of a lower section 62 
of body 11 threaded or otherwise made part 0f the inter 
mediate body section 17, as at 63, suitable sealing means 
being provided as at 64, 64 to render the joint fluid tight. 

Within the body section 62 is a valve seat member in 
the form of a ring 64 interposed between the lower end of 
body section 17 of body 11 and an internal shoulder 66 
within body section 62, a seal 67 being provided to pre 
vent bypass of fluid externally of the seal member 65. A 
valve seating surface 68 is provided on member 65 and 
circumscribes the flow passage 69 through the seat. C0 
operative with the seat 68 is valve means including a 
major valve head 70 and a minor valve head 71 carried 
by an elongated valve stern 72. This stem 72 is shiftably 
:carried by means allowing reciprocation thereof, and more 
particularly comprising a spider-like support 73 formed as 
part of ring 65 and another spider-like support 73a within 
a lower body section 64 of lbody 11, this lower body sec 
tion being joined to body section 62 as at 75 and the 
joint having suitable sealing means 76. The spiders 73 and 
73a afford tiow passages 77 and 77a for the flow of tiuid 
during the testing of a formation. 
The valve head 70 previously referred to includes an 

annular support 78 slideably mounted on stem 72 and 
having angularly spaced arms 79 on which an outer ring 
80 is fixed, this outer ring supporting an inner ring 81 as 
by threads, or the like, and a seal 82 being carried between 
the rings if desired or necessary to effect sealing engage 
ment with the seat 68. Internally of the valve head 70 
is an inner valve seating surface 83 circumscribing a ñow 
passage 84 through the head 70. The minor valve head 
71 is engageable with the valve seat 83 and comprises an 
annular enlargement 85 on stem 72 on which is threaded 
a ring 86, a seal ring 87 being provided, if necessary or 
desired, to effect sealing engagement with the seat 83. 
Means are provided which normally bias both the 

major valve 70 and the minor valve 71 into closed posi 
tions during running of the tester into a well to assure 
that the valve means will be closed when encountering 
well ñuids. Such biasing means includes in the illustrative 
embodiment a spring 88 encircling stem 72 and seating 
at one end on the stem supporting spider 73a, the other 
end of the spring >88 engaging a spring seat 89 carried by 
the stern 62. In addition, when the valve means are open, 
means are provided for releasably holding the valve stem 
72 in the valve open position against the closing force of 
the yspring 88. Such holding means, in the illustrative 
embodiment, includes a number of spring loaded ball 
detent means 89a, the lballs of which are engageable in 
an annular groove or other seat 90 formed in the stem 72. 

In order to open and positively close the main valve 
means when the bodies 10 and 11 are telescoped, the 
lower end of body section 50 of body 10 is provided with 
a spider-like member 91 affixed, as by a threaded joint 
92, to body section 50, and having an inner ring 93 which 
is slideably engaged about an upward extension 72a of 
valve stern 72. This extension 72a may be threaded or 
otherwise connected to the stem 72 as at 94 at its lower 
end and the upper end has an enlarged abutment 95. The 
inner ring 93 of spider-like member 91 is thus moveable 
along stem section 72a between the upper abutment 95 
and a lower abutment 96 at the upper end of stem 72. 
operationally, it will now be apparent that when the body 
10 is moved inwardly relative to body 11, the spider ring 
93 will engage lower abutment 96, thereby moving valve 
stem 72 downwardly to open the minor valve, and there 
after the enlargement 85 on the stem 72 will engage the 
annular support 78 for the major valve causing it to move 
downwardly. Inasmuch as the minor valve is of much 
smaller effective annular area that the 4major valve, it will 
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be appreciated that the minor valve can be opened a'gainst 
high formation pressure acting to hold the valve means 
closed, but when the major valve is opened, substantial 
iiow area is provided through the assembly to accommo 
date large iiow Volumes during a formation test. 
When a test has been completed, and the main valve 

means is to be closed, upward movement of the body 10 
will cause engagement of the spider ring 93 ‘with the upper 
abutment 95 on stem section 72a to then enable an up 
ward pull to be applied, releasing the detent means 89a, 
further upward movement of the stem 72 then causing 
minor valve head 71 to seat on major valve head 70- and 
the latter to seat on the seat 68. Thereafter, the unloader 
valve U will be operated to equalize the pressure across 
the packer P to facilitate its release responsive to con 
tinued upward pull on the pipe string S. 
More particularly the unloader valve U as seen in FIG. 

2 and in FIG. 3c includes a pair of telescopically inter 
engaged tubular bodies generally designated 101 and 
102, the tubular body 101 slideably fitting over the tu 
bular body 102. 
The tubular body y101 includes a shank 103, internally 

threaded as at 104 at its free extremity for connection to 
a complementally threaded pipe coupling in the string of 
pipe. The shank 103 has at its inner extremity a cylindrical 
sealing section 105, having an internal cylindrical sealing 
surface 106 and having threadedly connected thereto as 
at 107, an axially extended outer sleeve 108, the sleeve 
being provided with a suitable number of circumferentially 
spaced radial ports 9, as previously described. 

Internally of the shank 103 of the body 101 is a tapered 
stop shoulder 110 at the outer extremity of the cylindrical 
sealing surface 106, and at the inner end of the seating 
section 105 at the inner extremity of the seating surface 
106 is a tapered surface 11'1, for purposes which will 
hereinafter more particularly appear. 
The tubular body 102 is telescopically disposed within 

the tubular body 101 and includes a base or shank 112 
internally threaded as at 113 for connection to the upper 
end of packer P. At its inner end, the base 112 has 
threadedly connected thereto as at 114, an inner sealing 
sleeve 115 which is provided with an enlarged central 
section 116, complemental to and slidable in the seating 
section of the tubular body 101. Extending axially from 
the central section 116 of the sleeve 115 is a tubular neck 
1‘17 lwhieh is slidable within the shank 103 of the tubular 
body 101. 

Telescopic movement of the body sections in one direc 
tion is limited by engagement of the central section 116 
of the sleeve l115 with the aforementioned stop shoulder 
1110. Adjacent the zone of attachment of the eleeve 115 
to the base 112, the latter is provided with a radially 
projecting cylindrical enlargement 118 slidable in the 
outer sleeve 108 of the body 101, the enlargement 118 
being provided adjacent its upper end with a tapered 
surface 119 which is opposed to the tapered surface 11'1 
at the lower extremity of the seating section 105 of the 
outer body member 101. 
Formed between the upper extremity of the annular 

enlargement 118 and the opposed enlarged central sec 
tion 116 of the sleeve 115, there is an annular seat 120 
adapted to contain a sealing element generally designated 
121 which, when the valve is closed, will prevent the 
passage of fluid from within the valve assembly through a 
series of radial ports 122 in the enlarged sleeve section 
116, so that the ñow of fluid through the valve assembly 
is confined to a path passing from the body section 10-1 
into the body section 102. However, upon extension of 
the telescopic valve assembly, the ports 122 in the inner 
body member, and the ports 9 through the outer body 
section, will be placed in communication with one an 
other so as to permit the flow of fluid from within the 
valve assembly to the exterior thereof, or vice versa. 

Appropiate sealing means 123 are provided between the 
neck 117 of the sealing sleeve 115 and the inner periphery 



3,526,278 
7 

of the shank 103 of the body section 101. Additional 
sealing means 125 is provided between the enlarged sec 
tion 116 of the sleeve 1,15 and the seating section 105. A 
further seal, such as an O-ring 126 is also employed at 
the juncture of sleeve 115 with the base 112. 
A vent passage 127 extends through the body section 

101 into the interval lying between the seals 123 and 125, 
so as to -Vent the space therebetween during telescopic 
movement of the respective body sections. In order to 
limit such telescopic movement of the body sections in 
a valve-opening direction, the outer sleeve .108 of the body 
section 10‘1 is provided with a radially inwardly directed 
projection 128 which is engageable with a circumferentially 
extended stop shoulder 129 formed on the enlargement 
118 of the base 112 of body section 102. 

In View 0f the fact that the subject valve is adapted 
to be installed in a string of well pipe above the well 
packer, and in View of the fact that such well packers are 
normally operated by rotative movement of the pipe, 
means are provided for preventing relative rotation be 
tween the respective body sections 101 and 102. Prefer 
ably such means includes a key 130 carried by the outer 
sleeve 108 of body section 101 and slidably engaged in 
a key-way 131 formed in the enlarged section 1.18 of the 
base 112 of body section 102, whereby the body sections 
are free for relative axial movement within the limits 
permitted by the stop projections previously described, 
but rotation of the upper body section will be imparted 
to the lower body section by the key 130. 

In this connection the base 112 of the tubular body 102 
is provided with an annular seat 137 in which is disposed 
collet spring means generally designated 138. The collet 
spring means 138 preferably comprises a pair of longi 
tudinally arched and circumferentially extended spring 
elements designated 139, adapted to be assembled about 
the base 112 of tubular body 102 within the contines of 
the seat 137. 

Each of the spring elements 139 is longitudinally slotted, 
as at 140, at a plurality of circumferentially spaced points 
so as to effectively provide a series of circumferentially 
spaced arched leaf-like springs 141 interconnected at their 
upper and lower ends by webs 142. 

Inasmuch as the collet spring means 138 is disposed in 
the space between the outer sleeve 108 of body 101 and 
the base 112 of body 102, it will be noted that the radially 
projecting portions of the leaf spring elements 141 are 
disposed in the path of the projection 128 so that when 
the valve is closed, as shown in FIG. 3c, the resistance 
of the collet spring means 138 must be overcome in order 
to shift the projection 128 axially therepast in a valve 
opening direction. When the valve is in an open condi 
tion, as shown in FIG. 2c, it will be noted that the lower 
extremity of the sleeve 108 of body 101 constitutes a 
projection 128’ opposed to the just-mentioned projection 
128, and that the projection 128’ is disposed for engage 
ment with the collet spring means 138, the resistance to 
ileîrure of which must be overcome in order to close the 
va ve. 

The collet spring parts 139 are slightly less than semi 
circular so as to facilitate their installation about the 
base 112 of tubular body 102 in the seat 1137, and there is 
preferably disposed within this seat, between a pair of 
opposed ends of the collet spring parts 139, a spacer 
block 143 which may be welded or otherwise suitably 
secured in place. This block 143 is disposed in alignment 
with the key 130 so as to maintain a clearance between 
the collet spring parts 139 enabling assembly of the outer 
sleeve over the body 102 and onto the seating section 105 
of the body 101. In order to maintain the sleeve 108 
againstloosening, a suitable stop such as a screw 108’ may 
be provided, this screw extending through the upper ex 
tremity of the sleeve 108 and being secured to the 
body ̀ 101. 
With the equipment thus far described, it will be 

understood that a formation may be tested by running the 

15 

25 

30 

35 

40 

50 

60 

65 

70 

8 
pipe string S into the well which will contain a column 
of drilling mud or fluid capable of holding a pressure 0n 
the formation to prevent the formation lluids from enter 
ing the casing. The string is run “dry” with the compound~ 
valve closed, the unloaded valve open, and the packer 
will be located above the formation to be tested. There 
upon, the latch means will be operated by rotating the 
string S to the right, releasing latch element 12 from 
groove leg 14a, such right-hand rotation also conditioning 
the packer P to be set in anchoring engagement with 
the casing C as is well known. The lowering of the pipe 
string will then impose a downward force on the upper 
body 10 which will force the lower body 11 downwardly 
through the action of the delayed transfer of hydraulic 
fluid through the barrier piston 48. Such downward move 
ment of the body 11 will be resisted by the friction drag 
means 6 of the packer P, causing the setting of the down 
wardly holding slips 3. In addition, since the lower valve 
body member 102 of the unloader valve is also held by 
the anchor slips against downward movement, the upper 
unloader valve body 101 will move downwardly, over 
coming the holding action of the collet spring means 138 
to close the unloader ports 9 through which ñuid in the 
well was allowed t0 flow as the assembly was being run 
through the well lluid. Likewise, the packer rubber 2 will 
be expanded and the hold down slips 7 of the packer 
forced into holding positions relative to the casing. Then 
further downward movement of the pipe string S and 
body 10 will be permitted as the hydraulic fluid passes 
through the barrier piston 48, the body 10 telescoping 
into the body 11 until the valve stem abutment 96 is 
engaged by ring 93 as it moves downwardly along the 
upper valve stern section 72a, thereby imposing the weight 
of the pipe string on the inner or minor valve 7-1 so 
as to open the same against formation pressure. There 
after, the outer or major valve 70 will be opened as 
further downward movement of body 10 occurs, until 
the main valve means is fully open. The well will then 
be allowed to liow or produce for a given period of time, 
following which it is desired to recover the string of 
equipment. 

This is accomplished by reversing the action, that is, 
by taking an upward pull on the pipe string. Recovery of 
the string of equipment may be accomplished with the 
main valve means held open, if desired, by initially effect 
ing rotation of the body 10 relative to body 11 to cause 
engagement of latch member 12 with the lower groove leg 
14b so that the bodies 10 and 11 are held in a telescopi 
cally contracted condition. Alternatively, the body 10 may 
be elevated relative to the body 11 until the latch member 
12 abuts with the shoulder formed by groove leg 14a 
in the body 1v1 to cause movement of the bodies upwardly 
together. During the upward movement of body 10 rela 
tive to body 11, under these circumstances, the main valve 
means will be positively moved toward a closed position 
by the engagement of the spider ring 93 on body 10 with 
the upper abutment 95 on valve stern section 72a, the 
spring 88 and fluid flowing through the main valve means 
forcing the main valve means fully closed. In either case, 
such upward movement of the body 10 will be imparted 
to the lower body 11 resulting in opening of the unloader 
valve U, as previously described, to balance the pressure 
across the packer P. 

In addition, when the unloader valve opens, pressure 
of the weighted liuid in the annular space between the 
string S and the casing will be admitted to the main valve 
body so as to equalize the pressure within the string S 
with annulus pressure if the main valve means are latched 
open. If the main valve means are closed and it is desired 
to equalize pressure within the pipe string S above main 
valve means with annulus pressure, then it is necessary to 
have additional valve means in the tubing string above 
the main valve means. Such additional valve means is, in 
the illustrative embodiment, included in the relief plug 
assembly referred to and illustrated particularly in FIG. 9. 
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Relief plug assembly R comprises a tubular body 150 
adapted at 151 for connection in the pipe string S there 
above and at 152 for connection to a catcher including 
a body 153 connectable at 154 in the pipe string S there 
below. In the body 150 is a radial port 155 in which is 
threaded or otherwise secured a retainer 156. This re 
tainer has a laterally extended bore 157 receiving a 
plug 158 provided with suitable sealing means 159. An 
outer ñange 160 of the retainer 156 prevents outward dis 
placement of the plug 158. Inward displacement of the 
plug 158 is prevented by a frangible pin 161 engaged in 
the plug 158 and extending across body 150 into engage 
ment with the opposing inner wall thereof. In a manner 
known in the art, a bar or other weight may be dropped 
through the pipe string S to cause fracture of the pin 161, 
the pin being preferably scored at 162 to weaken the 
same. The catcher previously referred to comprises, illus 
tratively, a support 163 Within body 153 having a suit 
able number of bars 164 therein to catch and hold the 
drop weight after it has broken off the pin 161. When 
the pin is broken, the pressure of weight iiuid in the an 
nular outer space between the string S and the casing 
C will displace the plug inwardly, thereby equalizing pres 
sure. This additional valve means provided by the relief 
plug assembly may be located some distance, say a num 
ber of hundred feet above the tester assembly T, and 
when employed with the main valve closed, the balanc 
ing of annulus pressure and pressure in the pipe string 
S and the application of annulus pressure on the forma 
tion are accomplished in timed stages, namely, a first 
stage when the packer and unloader are released and 
open during which weighted fluid will be applied to the 
formation face to contain the formation pressure, and a 
second stage during which when the pump out plug is 
released the pipe string S is ñlled. 

In FIGS. 7 and 8 is illustrated a somewhat modified 
main valve assembly to which the salme reference charac 
ters have been applied. This main valve assembly differs 
from that previously described only in that the valve 
stem 72 has no upward extension 72a above the end 
96 thereof. In addition the spider-like member 91 of 
lFIGS. 7 and 8 has a solid metmber 93 corresponding 
to the annular part of the first described embodiment. 
The operation of the main valve means of FIGS. 7 

and 8 is the same as that previously described with the 
exception that the spring 88 in FIGS. 7 and 8 constitutes 
the sole means for initiating closing movement of the 
valve stem 72 other than the effect of ñuid flow tending 
to close the main valve means. 
While the specilic details of illustrative embodiments 

of the invention have been herein shown and described 
changes and alterations may be made without departing 
from the spirit of the invention as defined in the follow 
ing claims. 

I claim: 
1. In formation testing apparatus adapted to be run 

into a well in a pipe string for allowing the flow of 
formation fluid ot the top of a well, including a well 
packer in said string having means for setting the packer 
in sealed engageemnt with the well wall to form a seal 
therewith in response to longitudinal movement of the 
pipe string in one direction and releasable from said 
well wall in response to longitudinal movement of said 
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10 
pipe string in the other direction, said apparatus compris 
ing testing valve means including a tubular body having a 
passage therethrough and main valve means in said pas 
sage normally closed during running into the well and 
openable in response to said longitudinal movement of 
said pipe string in said one direction, and means for 
opening said main valve means following setting of said 
packer during said longitudinal movement of said pipe 
string in said one direction, said main valve means com 
prising a major valve seat circumscribing said passage, a 
major valve engageable with said major valve seat, said 
major valve having an opening therethrough, a minor 
valve seat circumscribing said opening, a minor valve 
engageable with said minor valve seat, and means sup 
porting said major and minor valves for movement into 
and out of engagement with the respective seats. 

2. Formation testing apparatus as deiined in claim 1, 
wherein said means for opening said main valve means 
includes means for first moving said minor valve off its 
seat and then moving said major valve oif of its seat. 

3. Formation testing apparatus as denlied in claim 1, 
including means for closing said main valve means upon 
movement of said pipe string in said other direction, 
said means for closing said main valve means including 
a main valve stem and abutment means on said body and 
on said stem coengageable to move said minor valve into 
engagement with its seat and said major valve into en 
gagement with its seat. 

4. Formation testing apparatus as defined in claim 1, 
including means for closing said main valve means upon 
movement of said pipe string in said other direction, said 
means for closing said main valve means including a 
spring normally urging said minor valve into engagement 
with its seat and said major valve into engagement with 
its seat. 

5. Formation testing apparatus as defined in claim 1, 
wherein said body comprises telescopic body parts, and 
said means for opening said main valve means following 
setting of said packer includes an abutment on one of 
said body parts and an abutment on said minor valve co 
engageable to move said minor valve off of its seat re 
sponsive to said telescopic movement, and means for re 
tarding telescopic movement of said body parts during 
movement of said pipe string in said one direction. 

6. Formation testing apparatus as delined in claim 5, 
wherein said means for retarding telescopic movement of 
said body parts comprises hydraulic íiuid transfer means. 
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