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United States Patent Office 3,327,781 
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1. 

3,327,781 
METHODS FOR PERFORMING OPERATIONS 

N A WELL BORE 
Benjamin P. Nutter, Houston, Tex., assignor to Schlum 

berger Technology Corporation, Houston, Tex., a cor 
poration of Texas 

Original application Nov. 6, 1964, Ser. No. 410,828, now 
Patent No. 3,291,219, dated Dec. 13, 1966. Divided and this application Apr. 21, 1966, Ser. No. 544,162 

7 Claims. (Cl. 166-3) 

This application is a division of application Ser. No. 
410,828, filed Nov. 6, 1964, now Patent No. 3,291,219 
which was a continuation-in-part of application Ser. No. 
143,731, filed Oct. 9, 1961, now abandoned. 
This invention relates to well tools and, more partic 

ularly, to well testing tools of the type having a packer 
assembly which is positioned within the well bore by 
means of a string of drill or other well pipe and having 
a retrievable sampler assembly which is lowered and 
raised through the bore of the pipe string to perform 
multiple testing and treating operations successively with 
out removing the pipe string from the well. 

In well-testing operations it is desirable to recover an 
uncontaminated sample of the formation fluids. How 
ever, most potentially productive formations are invaded 
by a fluid filtrate derived from the drilling fluid which 
fills the well bore during the drilling and testing opera 
tions. This filtrate may be produced in substantial quan 
tities along with the formation fluids, particularly during 
the early periods of a flow test. It therefore would be of 
value to conduct a flow test so that the produced fluids 
are recovered in discrete quantities segregated according 
to their order of production or to recover successive 
flow samples without re-exposing the formation to drill 
ing fluid pressure and contamination between tests. 

Moreover, it is further desirable in well-testing opera 
tions to obtain accurate measurements of various forma 
tion pressures. Of particular interest to well operators 
is the formation “shut-in” pressure, i.e., the actual hy 
draulic pressure within the virgin formation. Before a 
shut-in pressure measurement can be obtained, fluid from 
the isolated section of the borehole must be allowed to 
flow into the testing tool for a short period of time in 
order to relieve trapped hydrostatic drilling fluid pres 
sure and the "squeeze' pressure imposed by setting the 
packing means. However, if the formation is allowed to 
flow for too long a period before taking the shut-in 
measurement, the pressure near the well bore will have 
decreased and considerable time may be required for the 
true formation pressure to be re-established adjacent the 
borehole. This is particularly true for formations of low 
permeability. With present well-testing tools, it is often 
difficult to control the length of this initial flow period 
with sufficient accuracy to insure a good shut-in pressure 
measurement. Thus, it would be desirable to provide a 
well testing tool having valve means which may be op 
erated simply and positively from the surface. 

It is further desirable during a well-testing operation 
that drilling fluid circulation may be maintained as con 
tinuously as possible and that the testing be conducted 
with a minimum of delay to drilling operations. With con 
ventional well-testing equipment, fluid circulation must 
often be interrupted for excessively long periods of time. 
Thus in particular areas where, for example, excessive 
caving of the well wall may occur unless fluid circula 
tion is maintained, the time available for well-testing 
operations may be severely limited and testing is often 
completely prohibited by the necessity of maintaining 
fluid circulation. Thus, it would be advantageous to pro 
vide a well-testing tool which may be operated with mini 
mum interruption of drilling fluid circulation. 
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Accordingly, it is an object of the invention to pro 

vide means with Which treating-operations-may be per 
formed, formation pressure measurements taken and 
samples of formation fluids recovered successively from 
a plurality of zones within a borehole without remov 
ing the pipe string from the well between successive tests. 
A further object of the invention is to provide a test 

ing tool with which formation pressure measurements 
and samples of formation flúids may ber?covered Suc 
cessively from the same zone without re-exposing the 
formation to well-fluid pressure and contamination by 
borehole fluids between successive tests. 
A further object of the invention is to provide a test 

ing tool which may be utilized on a drill string to meas 
ure formation pressure and successive samples of forma 
tion fluids which may be obtained during drilling opera 
tions. 

Still a further object of the invention is to provide a 
testing tool with which formation shut-in pressure meas 
urements may be obtained before or after fluids have been 
allowed to flow from the test Zone or at any time during 
the testing operation. 
Yet another object of the invention is to provide a test 

ing tool of the above-described type with which circula: 
tion of drilling fluid may be maintained in the tool and 
within the well bore before and after successive sample 
taking operations, even with packers set. 
These and other objects are attained, in accordance 

with the invention, by providing a well tool with a tubul 
lar body member having a bore which continues the bore 
of the pipe string in which it is connected. At least one 
packer is carried by the body member for packing off 
a zone of the well bore opposite a lateral test passage 
through the body member. In some embodiments of the 
invention, the well tool is particularly adapted for con 
ducting tests and treating operations with a drill bit at 
tached below the tool so that the tool may be used with 
out removing the pipe string during drilling operations. 
A retrievable valve assembly, when seated in the bore 

of the body member, has cooperatively arranged valve 
means for controlling fluid communication via the test 
passage to chambers in the assembly. 

For convenient remote operation of the tool, the cham 
ber valve means opens in response to fluid pressure ap 
plied from the surface. Such fluid pressure may also be 
used to expand the packer or packers carried by the body 
member and they may remain expanded, if desired, after 
the valve assembly is retrieved. Selectively, the test pas 
sage may be left in a closed position when the assembly 
is retrieved to isolate the packed-off Zone from Well bore 
fluids. Provision is also made for circulation of fluid 
through the pipe string even when the packer or packers 
remain set. By appropriate arrangement of pressure-meas 
uring means within the assembly, shut-in pressure meas 
urements may be secured when desired. 
The invention and others of its objects and advantages 

will become apparent from the following description, taken 
in conjunction with the accompanying drawings, in which: 
FIG. 1 is a schematic diagram showing the packer 

assembly portion of a well tool disposed within a borehole 
at the end of a pipe string and showing the retrievable 
portion of the tool being lowered through the bore of the 
string; 
FIG. 2 is a simplified view, in longitudinal section, of 

one embodiment of the packer assembly portion of a well 
tool showing the parts of the apparatus in the positions 
normally occupied when the pipe string is being raised or 
lowered within the well bore; 
FIG. 3 is a further view of the apparatus of FIG. 2, 

showing a retrievable portion of the tool, partly in longi 
tudinal section, seated within the packer assembly; 

FIG. 4 is a further view, in longitudinal section, of the 
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perforated plug 23. By-pass passage 64 also permits circu 
lation of drilling fluid when the packers devices are ex 
panded except when the retrievable assembly 20 is seated 
in the sleeve member 30. 
The retrievable assembly 20, shown in seated position 

within the packer assembly 19 in FIGS. 3 and 4, com 
prises a sampler valve section 70 which may be slidably 
received within the bore of sleeve member 50 and a 
sample chamber section 71 which is connected to the 
upper end of valve section 70. A wire line 21 may be 
attached in a conventional manner to the upper end of 
the sample chamber section 71 to raise or lower the 
retrievable assembly 20 within the bore of the pipe 
string 12. 
The sampler valve section 70 comprises two teles 

copically arranged members, an outer valve sleeve 72 
and an inner valve mandrel 73, which have interengaging 
surfaces at their lower end to limit relative movement 
between an extended position (FIG. 3) and a retracted 
position (FIG. 4). A tapered shoulder 74 at the upper 
end of the valve sleeve 72 interengages with a tapered 
shoulder 75 at the upper end of the sleeve member 50 
to support the retrievable assembly 20 in a seated position 
within the bore of the sleeve. A spring 76 acts in com 
pression between valve sleeve 72 and mandrel 72 to urge 
them toward their extended position. 
When the retrievable assembly 20 is in its seated posi 

tion within the bore of the sleeve member 50 (FIGS. 3 
and 4), the bore of the packer assembly 19 is closed 
to downward fluid flow by O-rings 80, 81 and 82, which 
seal between the body member 30, sleeve 50, sampler 
valve sleeve 72, and sampler valve mandrel 73, respec 
tively; and fluid pressure applied by means of pump 5 
to the bore of pipe string 12 will act upon valve man 
drel 73 to urge it downwardly against the force of spring 
76. The weight of the sampler valve mandrel 73 and the 
sample chamber section 71, the diameter of the valve 
mandrel, and the spring rate of the sampler valve spring 
76 are so chosen that the valve mandrel will be moved 
to its retracted position whenever a predetermined pump 
pressure is applied. The upper side of the upper O-ring 
82 around the sampler valve mandrel 73 is exposed to 
the hydrostatic pressure within the bore of the pipe string 
12 and the lower face of the lower O-ring 83 around the 
valve mandrei is exposed to the hydrostatic pressure in 
the annulus between the well walls and the pipe string via 
the pressure by-pass passage 64 (even when the packers 
31 and 32 are set) and the ports 84 located in the lower 
end of the 73 valve sleeve 72. Therefore, the valve man 
drel 73 is pressure-balanced within the valve sleeve 72 
insofar as the hydrostatic head of the drilling fluid is 
concerned when the same hydrostatic head exists within 
and outside the pipe string. 
The interior of the valve mandrel 73 is divided into 

two separate compartments 90 and 91 by a bore-closing 
portion 92 near the lower end of the mandrel. The up 
per compartment 90 forms a sample-receiving conduit 
which opens into the sample chamber section 71 and the 
lower compartment 91 forms a closed shut-in pressure 
chamber. Conventional time-pressure recorders 93 and 
94 are mounted in each of shut-in pressure chamber 91 
and sample chamber section 71, respectively. 
Valve means are provided for placing selectively either 

the shut-in pressure chamber 91 or both the shut-in pres 
sure chamber and the sample-receiving conduit 90 in 
fluid communication with the sleeve member test and 
equalizing passage 51. The valve means comprises a pair 
of longitudinally spaced passages 95 and 96 through the 
sampler valve sleeve 72 and a pair of longitudinally 
spaced passages 97 and 98 through the valve mandrel 
73. The passages 95, 96 and 97, 98 are so positioned 
and spaced that, in the extended position of mandrel 73 
relative to sleeve 72 (FIG. 3), the lower passage 98 
through the mandrel registers with the upper passage 95 
through the sleeve 72 and only the shut-in pressure cham 
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6 
ber 91 is in fluid communication with the sleeve member 
test and equalizing passage 51; whereas, in the retracted 
position of the mandrel relative to the sleeve 72 (FIG. 
4), both the upper and lower passages 97 and 98 through 
the mandrel register with the upper and lower passages 
95 and 96, respectively, through the sleeve 72. Fluid com 
munication is thereby provided from the sleeve member 
test and equalizing passage 51 to both the sample-receiv 
ing conduit 90 and the shut-in pressure chamber 91. 
The sample chamber section 71 of the retrievable as 

sembly 20 may comprise a plurality of series-connected 
sample-receiving chambers, through only two such cham 
bers 100 and 101 are shown in FIG. 4. A back pressure 
or check valve 102 is placed in the passage 103 between 
the adjacent chambers 100, 101 and is arranged to per 
mit entry of fluids from the sample-receiving conduit 90 
but to prevent fluid flow in the opposite direction. 

In FIG. 5 there is shown a portion of a modified re 
trievable assembly 20' for use when taking the final fluid 
sample from a specific test zone. Modified assembly 20' is 
identical in all respects with retrievable assembly 20 
(FIGS. 3 and 4) except that the modified version, the 
upper portion of sampler valve sleeve 72 is enlarged in 
diameter and a snap ring 110 is disposed in a peripheral 
groove formed in the outer surface of the sampler valve 
sleeve 72'. The enlarged-diameter portion of the sleeve 
72 and the snap ring 110 function to release the sleeve 
member 50 from its locked lowermost position in a man 
ner to be described hereinafter. 
To perform testing operations within a well bore, the 

packer assembly 19 is connected at the end of a pipe 
string 12 with the assembly being in the position shown 
in FIG. 2. The pipe string 12 is then lowered into the 
well bore 10 until the packer assembly 19 is positioned 
opposite the zone to be tested, as for example, Zone 26 
shown in FIG. 1. During the lowering operation the bore 
of the pipe string 12 fills with drilling fluid 11 which 
enters through the perforated plug 23. Thus, at any time 
during the lowering operation, drilling fluid 11 may be 
pumped downwardly through the bores of the pipe string 
12 and packer assembly 19 and out of the perforated 
plug 23 to return to the surface via the annulus between 
the pipe string and the well wall. The sleeve member 
spring 57 and the snap ring 60 hold the sleeve member 
50 in its uppermost position so that the equalizing pas 
sages 42, 51 and the deflating passages 41, 52 are open. 
When the packer assembly 19 is positioned opposite 

the test zone 26, the retrievable assembly 20 shown in 
FIGS. 3 and 4 may be lowered through the bore of the 
pipe string 12 to its seated position within the packer 
assembly. After the sampler valve sleeve shoulder 74 
lands on the sleeve member shoulder 75, the weight of 
the retrievable assembly 20 compresses the sleeve member 
spring 57 and moves the sleeve member 50 downwardly 
to its lowermost position. The parts of the well tool will 
then be in the positions shown in FIG. 3, with the equal 
izing passage 42 and the body deflating passage 41 being 
closed and the test passage 43 in fluid communication 
with the shut-in pressure chamber 91 via sleeve member 
passage 51 and sampler valve assembly passages 95 and 
98. 
The pressure lubricator device 24 (shown in FIG. 1) 

may then be closed and fluid pressure applied to the pipe 
string 12 by means of pump 15. Since the bore of the 
packer assembly 19 is now closed, the fluid pressure with 
in the pipe string 12 forces fluid through the inflating 
check valve 40 and into the inflating chamber 36-38 to 
eXpand packers 31, 32 into sealed engagement with the 
well wall, as shown in FIG. 4. As previously mentioned, 
the sampler valve mandre 73 remains in its extended 
position relative to sampler valve sleeve 72 until the pump 
pressure within the pipe string 12 is further increased to a 
predetermined value which may, for example, be 750 
p.s.i.g. The predetermined value chosen should be suffi 
ciently high that the pressure within the packers 31 and 
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32 will support the pressure differential across their ends 
when the test zone 26 is opened to the atmospheric pres 
sure within chambers 100, 101 of retrievable assembly 20. 
As the pump pressure is increased above the predeter 

mined value, the sampler valve mandrel 73 is moved 
downwardly to its retracted position relative to the sam 
pler valve sleeve 72, thereby moving mandrel passage 97 
into registry with sleeve passage 95 and placing the 
sample-receiving conduit 90 in fluid communication with 
the surrounding formation test Zone 26 via passages 97, 
95, 51 and 43, as shown in FIG. 4. The shut-in pressure 
chamber 91 remains in fluid communication with the test 
zone 26 via passages 98, 96, 51 and 43. 
As the sample-receiving chambers 100, 101 are filled 

with test fluids, check valve 102 functions to substantially 
segregate the produced fluids according to their order of 
production. If desired, however, check valve 102 may be 
replaced by a choke orifice. 
After sufficient time has elapsed for reception of the 

fluid sample into the sample-receiving chambers 100, 101, 
the pump pressure is released from the bore of the pipe 
string 12 leaving only hydrostatic pressure which allows 
the sampler valve spring 76 to return the sampler valve 
mandrel 73 to its extended position. Thus, passage 97 is 
closed to entrap the received fluid sample within the 
sample-receiving chambers 100, 101. The retrievable as 
sembly 20 then may be lifted to the surface by means of 
wire line 21 and the entrapped fluid sample examined and 
analyzed. 
When the retrievable assembly 20 is removed from 

packer assembly 19, snap ring 60 holds the sleeve mem 
ber 50 in its lowermost position. Drilling fluid may be 
circulated through the base of pipe string 12, by-pass 66, 
and the annulus around pipe string 12. The equalizing 
passage 42 and the deflating passage 41 therefore re 
mained closed. The expanding check valve 40 prevents 
escape of the fluid trapped in the expanding chamber 36 
38 to maintain the packers 31 and 32 in sealed engage 
ment with the well wall. The check valve 44 located in the 
packer assembly test passage 43 prevents entry of drilling 
fluid 11 from the bore of the pipe string 12 into the por 
tion of the well bore 10 located between the expanded 
packers 31 and 32 so that the test Zone 26 remains iso 
lated from drilling fluid pressure and contamination while 
the retrievable assembly 20 is being withdrawn to the sur 
face. 
The same or another retrievable assembly 20 may then 

be lowered through the pipe string 12 and a second fluid 
sample may be taken. This procedure may be repeated as 
many times as desired until a satisfactory fluid or pressure 
analysis of the test zone has been made. 

For the final sample-taking operation from sealed-off 
test zone 26, the retrievable assembly 20' having a modi 
fied sampler valve sleeve 72, as shown in FIG. 5, is 
lowered into seated position within packer assembly 19. 
Pump pressure is again applied and a fluid sample taken 
in the manner previously described. When modified re 
trievable assembly 20' is lifted from its seated position 
within packer assembly 19, the enlarged-diameter portion 
of the sampler valve sleeve 72 holds snap ring 60 in its 
expanded condition until the upper end of the sleeve mem 
ber 50 has moved into a position opposite the snap ring. 
The snap ring 110 carried by the modified sampler valve 
sleeve 72 transmits the force of the upward movement 
of the sampler valve sleeve 72 to the sleeve member 50 
and assists spring 57 in moving the sleeve member 50 
upwardly. Thus, when the modified retrievable assembly 
20' is removed from the packer assembly 19, the sleeve 
member 50 is returned to its uppermost position as shown 
in FIG. 2. This upward movement of the sleeve member 
50 opens the deflating passage 41 and relieves the fluid 
pressure from the packer inflating chamber 36-38. At the 
same time, the equalizing passage 42 is opened to allow 
hydrostatic pressure to return to the portion of the well 
bore between packers 31 and 32, thereby facilitating defia 
tion of the packers. The packer return chamber 35 aids in 
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8 
returning packers 31 and 32 to their deflated condition. 
When the packers 31 and 32 are deflated, return sleeve 34 
is pulled upwardly, thus increasing the volume of vacuum 
chamber 35. Since the chamber 35 is sealed, the pressure 
within it is extremely low and the high hydrostatic fluid 
pressure outside the chamber tends to urge the return 
sleeve 34 back toward its lower position, as shown in 
FIG. 3. In this manner, full collapse of the deflated pack 
ers 31 and 32 is ensured. 
The packer assembly 19 may then be moved upwardly 

or downwardly in the borehole 10 to be positioned oppo 
site another test zone, whereupon further sample-taking 
operations may be repeated in the manner previously 
described. 

During a sample-taking operation, the formation shut 
in pressure may be measured by one of two methods, the 
first method utilizing the upper and lower pressure re 
corders 93, 94 and the second method utilizing the lower 
pressure recorder 93 alone. By the first method, the sam 
pler valve assembly 70 is maintained in its retracted con 
dition (FIG. 4) until the sample-receiving chambers are 
filled whereupon the pressure recorders 93, 94 measure 
the formation shut-in pressure. However, it may not be 
possible to use this method in all cases. For example, if 
the test zone is relatively impermeable, an excessive 
amount of time may be required to fill the sample-receiv 
ing chambers or, as previously mentioned, the pressure in 
the formation immediate to the well bore may decrease 
during the flow period and may not be restored to the 
true formation pressure within a reasonable period of 
time. Under such conditions, the second method of meas 
uring pressure utilizing only pressure recorder 93 may be 
employed. 

In accordance with this second method of measuring 
pressure, the pump pressure in the bore of the pipe string 
is raised momentarily above the predetermined value to 
allow the test zone to flow for a short period of time 
into the sample-receiving chambers 100, 101 in order to 
relieve the hydrostatic drilling fluid pressure and the 
packer squeeze pressure trapped between packers 31 and 
32. Due to the relatively small volume of the annulus 
that is isolated by the packers 31 and 32, only a few sec 
onds of flow should be required to relieve these pressures. 
The pump pressure is then reduced so that the sampler 
valve assembly 70 may return to its extended condition 
(FIG. 3) and terminate the flow period. If the forma 
tion fluids are allowed to flow into the sample-receiv 
ing chambers 100, 101 for only a short period of time, 
then the formation pressure nearthé well bore will not 
have decreased materially and the lower pressure-recorder 
93-will record the true or initial shut-in pressure. The 
pump pressure may then be raised above the predeter 
mined value to move the sampler valve assembly 70 to 
its retracted condition (FIG. 4) so as to complete the 
flow test and, in many instances, to obtain a record of 
final shut-in pressure, as well. Since only a simple change 
in pump pressure is required to operate the sampler valve 
assembly 70, the flow test may be interrupted at any time 
and a remeasurement of the shut-in pressure made 
The pressure recorder 94 located in the sample receiv 

ing chamber 100 will record all pressures in the chamber 
during the sample-taking operation and will therefore 
provide a measure of the formation flow pressure. ?**..??? 

Another embodiment of an apparatus for practicing 
the present invention is illustrated in FIGS. 6-15, this 
embodiment being particularly adapted for testing and 
treating operations conducted during drilling of a well. 
In FIG. 6, a packer assembly 19h is shown installed as 
an integral part of a pipe string 12 within a borehole 10. 
Attached to the packer assembly 19h is drill bit 300. A 
retrievable assembly 20h is adapted to be raised or low 
ered within the pipe string 12 by means of a wire line 
21 spooled upon, and driven by, a power winch 22 and 
is shown as it is being lowered into the pipe string 12. 
The packer assembly 19h of FIG. 7 includes a tubu 
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lar body member 301 connected at its upper end to the 
pipe string 12 and to the drill bit 300 at its lower end. 
A single, pliable, expansible packer element 302 is sup 
ported about the exterior of the body member 301 with 
its ends connected to the body member 301. The an 
nular space 303 between the packer element 302 and 
body 301 is connected to spaced-apart positions of the 
central bore of the body by longitudinal passages 304, 
305 extending through the body. In one of these passages, 
inflating passage 304, a check valve 306 is provided to 
permit the flow of fluids into passage 304 from the cen 
tral bore of the body member 301 to the annular space 
303, but prevent fluid flow in the opposite direction. In 
the other of these passages, deflating passage 305, a check 
valve 307 is provided to permit flow of fluids from the 
annular space 303 into the central bore of the body 301 
and to prevent flow in the opposite direction. 
A tubular sleeve member 50h is slidably mounted for 

limited longitudinal movement within the bore of the 
body member 301. Spaced-apart lateral passages through 
the sleeve member 50h provide a sleeve fluid passage 308 
and a sleeve by-pass passage 309. A sleeve spring 313 
acts in compression between shoulders 314 and 315 lo 
cated on the body member 301 and the sleeve member 
50h, respectively, to urge the sleeve member towards 
its uppermost position. A resiliently contractible snap ring 
316 is mounted in the bore of the body member 301 
to releasably lock the sleeve member 50h in its lower 
most position and to releasably retain the sleeve member 
in its uppermost position. Downward movement of the 
sleeve member 50h is limited by interengagement of shoul 
ders 315 and 310 on the sleeve member 50h and the 
body members 301, respectively. 
A by-pass passage 317 through the body member 301 

provides communication from the annulus of the well 
bore 10 above the packer element 302 to the central 
bore of the body member at a position adjacent the lower 
end of the sleeve member 50h and below the sleeve 
fluid passage 308. The by-pass passage 317 registers with 
the sleeve by-pass passage 309 when the sleeve member 
50h is in the lower position and it is closed by O-rings 
318 and 319 when the sleeve member 50h is in the upper 
position. 
A body fluid passage 320 through the body member 

301 provides communication from the annulus of the 
well bore 10 below the packer element 302 to the cen 
tral bore of the body member at a point substantially 
above the lower portion of the sleeve member 50h. A 
check valve 326 is provided in passage 320 to permit 
flow of fluid from the annulus through the body member 
301, but to prevent flow in the reverse direction the up 
per end of fluid passage 320 registers with sleeve fluid 
passage 308 when the sleeve member 50h is in the lower 
position and these fluid passages are sealed against con 
tamination by drilling fluid or other fluids by means of 
O-rings 323 and 324. 
The retrievable assembly 20h illustrated in FIG. 10 

is shown seated within the packer assembly 19h in FIGS. 
11 and 12. The valve section 70h or assembly 20h is 
adapted to be slidably received within the bore of the 
sleeve member 50h. The valve section 70h comprises two 
telescopically arranged members, an outer valve sleeve 
72h and inner valve mandrel 73h, which respectively have 
interengaging surfaces to limit their relative movement 
between an extended position and a retracted position. 
In the extended position (FIGS. 10 and 12), shoulder 
330 on the valve mandrel 73h engages shoulder 331 at 
the bottom of the valve sleeve 72h to limit the extent 
of movement; and, in the retracted position (FIG. 11), 
shoulder 332 on the mandrel engages shoulder 333 at 
the upper end of the valve sleeve. A valve assembly 
Spring 334 is positioned to act in compression between 
the shoulder 333 at the upper end of the valve sleeve 72h 
and a shoulder 335 at the base of the valve assembly 
chamber 71h. 
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As seen in FIGS. 10 through 14, a barrier valve mem 

ber 336 comprising a barrier mandrel 339 and a barrier 
sleeve 341 is dependently mounted from the inner valve 
mandrel 73h. This barrier valve 336 is adapted to be re 
ceived within a reduced portion 321 of the central bore 
of the body member 301 and fluidly sealed therein by an 
O-ring 337 around the barrier sleeve 341. The barrier 
valve 336 together with check valve 326 have a primary 
function of preventing drilling fluid from passing down 
wardly through the body of the tool into the packed-off 
Zone of the well bore 10 between sampling operations 
and a further function, in cooperation with by-pass pas 
Sage 317, of permitting equalization of the hydrostatic 
pressure in the annulus of the well bore 10 above the 
packer elements 302 and within the central bore of the 
sleeve member 50h without introducing drilling fluid into 
the packed-off zone below the packer element 302 when 
the sleeve member 50h is in its lower position. 
The barrier valve 336 may be positioned in the lower 

portion of the body member 301 by any suitable means, 
Such as the detachable connection by means of shear pin 
338 passing through barrier mandrel 339 and a lower ex 
tension of valve mandrel 73h as shown in FIG. 10. The 
barrier sleeve 341 is provided with lateral ports 340; and 
a passageway 342 in the barrier mandrel 339 communi 
cates With ports 343 therein. Movement of barrier valve 
mandrel 339 relative to barrier valve sleeve 341 is limited 
in the upward direction by interengagement of shoulders 
344a and 344b on the barrier mandrel 339 and barrier 
sleeve 341, respectively. Movement of barrier valve man 
drel 339 in the downward direction is limited by inter 
engagement of shoulders 344c and 344d on the barrier 
mandrel and barrier sleeve 341, respectively. 

In the extended position of the barrier mandrel 339 
relative to the barrier sleeve 341, the ports 340, passage 
Way 342 and ports 343 provide fluid communication 
through the barrier valve 336 permitting equalization of 
pressure above and below the O-ring 337 when the bar 
rier valve is seated within the reduced bore portion 321 
of the body 301 of the packer assembly 19h. The barrier 
valve member 336 is further provided with a check valve 
346 to release whatever pressure that may build-up below 
the barrier valve during the expansion of the packer 
element 302 but to prevent the passage of drilling fluid 
downwardly through the barrier valve member. When the 
barrier mandrel 339 is in the retracted position, the ports 
340 in the barrier sleeve 341 are closed by O-rings 347 and 
348. 
When the retrievable assembly 20h is in its seated posi 

tion with the bore of sleeve member 50h (FIGS. 11 and 
12), the bore of the packer assembly 19h is closed to 
downward fluid flow by O-rings 350, 351 and 352, which 
Seal between the body member 301, sleeve member 50h, 
valve sleeve 72h and valve mandrel 73h, respectively. 
Fluid pressure applied by means of pump 15 to the bore 
of the pipe string 12 will act upon the valve mandrel 
73h to urge it downwardly relative to the valve sleeve 
72h against the force of valve spring 334 until shoulders 
332, 333 are engaged. The weight of the valve mandrel 
73h and the sample chamber section 71, the diameter of 
the valve mandrel and the spring rate of the valve Spring 
334 are so chosen that the valve mandrel will be moved 
to its retracted position (FIG. 11) whenever a predeter 
mined pump pressure is applied. 
The upper side of the upper O-ring 352 around the 

Valve mandrel 73h is exposed to the hydrostatic pressure 
Within the bore of the pipe string and the lowerface of 
the lower O-ring 353 around the valve mandrel is exposed 
to the hydrostatic pressure in the well bore annulus above 
the packing element 302 which is communicated through 
the body by-pass passage 317 and the sleeve by-pass pas 
Sage 309. Therefore, the valve mandrel 73h is preSSure 
balanced within the valve sleeve 72h insofar as the hydro 
static head of drilling fluid is concerned so long as the 
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same hydrostatic head exists within and outside the pipe 
string 12. 
The interior of the valve mandrel 73h is divided into 

two separate compartments by a bore-closing portion 355 
near its lower end. The upper compartment 356 of the 
valve mandrel 73h forms a fluid conduit which opens 
into the chamber section 71h and the lower compart 
ment 357 forms a closed shut-in pressure chamber. Con 
ventional time-pressure recorders 358 and 359 are mount 
ed in each of the shut-in pressure chamber 357 and valve 
chamber section 71h respectively. 
The retrievable valve assembly 20h has valve means 

similar to those already discussed in the prior embodiment 
for placing selectively either the shut-in pressure chamber 
357 or both the shut-in pressure chamber and the up 
per compartment 356 in fluid communication with the 
sleeve member fluid passage 308. The valve means in this 
embodiment comprises a lateral passage 360 extending 
through the valve sleeve 72h between spaced O-rings 351 
and 351a which seal the sleeve 72h within sleeve member 
50h and a pair of longitudinally spaced lateral passages 
361 and 362 extending into the valve mandrel 73h on op 
posite sides of the bore-closing portion 355. The lateral 
passages 361 and 362 are so positioned and spaced that, 
in the extended position of mandrel 73h relative to valve 
sleeve 72h (FIG. 10), the lower passage 361 through the 
mandrel registers with the valve sleeve passage 360, plac 
ing the shut-in pressure chamber 357 in fluid communica 
tion with the sleeve member fluid passage 308 (FIG. 12), 
and the passage 362 is closed by O-ring 352 and 363. In 
the retracted position of the mandrel 73h relative to the 
valve sleeve 72h (FIG. 11), both the lower and upper 
passages 361 and 362 communicate with sleeve passage 
360. An enlarged section 364 of the bore of the valve 
sleeve 72h provides an annular passage for communica 
tion between the passage 361 and the sleeve fluid passage 
360 when the mandrel 73h is in the retracted position. 

In FIG. 14, the lower portion of a modified retrieva 
ble assembly 20j is illustrated. The assembly 20j is adapted 
for use when taking the final fluid sample from a specified 
test zone. Modified assembly 20i differs from assembly 
20h only in that the upper portion of the sampler valve 
sleeve 72i is enlarged in diameter to provide an unlock 
ing head 365 and an overshot grapple member 366 is pro 
vided at the lower end of the valve mandrel 73i. The en 
larged-diameter portion of head 365 functions to release 
the sleeve member 50h from its locked lowermost posi 
tion since it has sufficient diameter to retain the snap 
ring 316 in an expanded position as the retrievable as 
sembly 20i is first raised from its seated position. The 
grapple member 366 may be of the conventional overshot 
type adapted to grip the retrieving head 367 of the barrier 
valve mandrel 339. 
To perform testing operations within a well bore dur 

ing drilling, the packer assembly 19h is connected to the 
end of the pipe string 12 with the drill bit 300 attached 
below as shown in FIG. 7. During the drilling operation, 
drilling fluid is normally circulated through the bore of 
the pipe string 12, passing downwardly through the bore 
of the bit 300 and thence upwardly through the annulus 
surrounding the pipe string 12. As shown in FIG. 7, the 
sleeve member 50h is held in its upper position by spring 
313 and by snap ring 316 which is positioned in the recess 
370 near the upper end of the sleeve member. In this 
position the body bypass passageway 317, the inflating 
passageway 304, and body fluid passage 320 are closed, 
and the deflating passage 305 is open. 
When a zone to be tested is penetrated by the bit, drill 

ing is halted and the retrievable assembly 20h with the 
barrier valve member 336 attached by shear pin 338 is 
lowered through the bore of the pipe string 12. 
Upon reaching the packer assembly 19h, the retrievable 

assembly 20h is lowered as seen in FIG. 12 until the 
valve sleeve 72h is sealingly received within the sleeve 
member 50h. The weight of the retrievable valve assem 

O 

12 
bly 20h is sufficient for the tapered surface of slot 370 
to momentarly expand the cam-acuated snap ring 316 
and allow sleeve member 50h to move to its lowermost 
position and to compress the sleeve spring 313. Once 
the Snap ring 316 is cleared, the uppermost face of sleeve 
member 50h will be engaged by the lower face of snap 
ring 316 as it again contracts and the sleeve member 
will be secured in place. This downward movement of the 
sleeve member 50h opens the inflating passage 304 to 
the central bore of the body 301 and the tubing string 12. 
The sleeve 341 of the barrier valve member 336 is seal 
ingly received within the reduced bore portion 321 in 
the lower end of the body member 301 and rests on 
shoulder 314 so that the barrier valve mandrel 339 is 
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lowered to its retracted position relative to the barrier 
sleeve 341. 
The packer element 302 is inflated by applying pump 

pressure to the pipe string 12 at the surface to open 
inflating check valve 306 at the upper end of inflating 
passage 304 and inflate the packer element 302. When the 
pump pressure reaches a predetermined level (for example 
500 p.s.i.g.), the packer element 302 will be sufficiently 
expanded for an effective pack-off of the zone therebelow. 
At this step of the operation the valve mandrel 73h 

is in its uppermost position relative to the valve sleeve 72h 
of the retrievable assembly 20h. When the pump pressure 
is further increased to another predetermined value (for 
example 750 p.s.i.g.), the hydraulic pressure will move 
valve mandrel 73h downwardly relative to the valve sleeve 
72h which is held in place by the engagement of shoulders 
310, 315. The downward travel of the mandrel 73h shears 
pin 338 by which the retrievable barrier valve 336 was 
initially secured to the valve mandrel and allows the 
mandrel to move on downwardly to its lowermost posi 
tion as illustrated in FIG. 11. Once the valve mandrel 
73h reaches this position, formation fluids enter body 
fluid passage 320, pass through sleeve fluid passage 308 
and valve sleeve passage 360 and enter lower and upper 
valve passages 361 and 362 to allow the pressure record 
ers 358 and 359 to record the initial formation flowing 
pressure. 

If a shut-in pressure is desired, after a short time in 
terval to relieve the hydrostatic drilling fluid pressure and 
the packer squeeze pressure trapped below the packer 302, 
the pump pressure in the bore of the pipe string 12 is 
reduced to return the valve mandrel 73h to its extended 
condition (FIG. 12) to terminate the flow into chamber 
71h. If the formation has been permitted to flow only a 
brief period of time, the formation pressure will not have 
decreased materially and the lower pressure recorder 358 
will record the true or initial shut-in pressure. The pump 
pressure may then be raised above the predetermined 
value necessary to move the valve mandrel 73h to its 
retracted condition so as to complete the flow test and, 
if desired, the valve mandrel 73h may be maintained in 
this position for a sufficient time to obtain a record of a 
final shut-in pressure, as well. As noted in the prior dis 
cussion of other embodiments, the flow test may be in 
terrupted at any time and a remeasurement of shut-in 
pressure made. 

During a series of tests at a particular test zone, the 
barrier valve member 336 remains seated in the lower 
portion of the body 301 of the well tool to prevent drill 
ing fluid from entering the packed-off zone. 
When the final sample is to be taken in this particular 

series of tests, the retrievable assembly 20h is recovered 
by the wireline 21. As seen in FIG. 13, the valve man 
drel 73h and valve sleeve 72h are removed leaving 
sleeve member 50h secured in place by snap ring 316. 
The barrier valve assembly 336 remains seated in re 
duced bore portion 321. After the removal of the valve 
mandrel 73h and sleeve 72h, the bore of the packer as 
sembly 19h is clear for entry of the retrievable assembly 
20i. 

Thus, as seen in FIG. 14, the retrievable assembly 20, 
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has been lowered in the packer assembly 19h and is now 
being retrieved. While in place within sleeve member 
50h, the assembly 20i functions in the same manner as 
the valve assembly 20h to take test samples and measure 
formation pressures. As it is being seated in its operative 
position within the sleeve member 50h, the enlarged latch 
ing head 365 expands and holds the contractible split 
ring 316 outwardly and the depending fingers of grapple 
366 will slip over and engage the retrieving head 367 of 
the barrier valve 366. At the conclusion of the desired 
sampling and pressure testing, the retrievable assembly 20i 
is raised by the wire-line 21. The snap ring 316 no longer 
constrains the upper end of sleeve member 50h so that 
during the initial upward travel of retrievable assembly 
20i, the sleeve member 50h is free to move upwardly and 
be returned to its uppermost position by spring 313. When 
the sleeve member 50h reaches the position illustrated in 
FIG. 14, it is again releasably locked in this position by 
the contractible snap ring 316 which snaps into the slot 
370 of sleeve member 50h. 

During this same initial upward movement of the re 
trievable assembly 20i, the barrier mandrel 339 is also 
raised by the grapple fingers 366 until shoulder 370 on 
the mandrel engages shoulder 371 on the barrier sleeve 
341. In this position, the port 340 is opened and pres 
sures above and below the barrier valve member 336 
are equalized through passage 342. This relieves hydro 
static pressure above the barrier valve 336 and facilitates 
its removal along with the retrievable assembly 20i. After 
the retrievable assembly 20i and barrier valve 336 have 
been removed from the packer assembly 19 h, drilling 
may be resumed or the packer assembly 19h may be 
repositioned and further operations conducted. 
The apparatus of this invention may be modified as in 

dicated in the drawing of FIG. 15 to provide a retrievable 
valve assembly 20p adapted for the treating of a selected 
formation. This tool may be identical with any of the 
prior modifications of the retrievable valve assembly for 
all portions below the upper portion of the valve mandrel 
73p containing the chamber 531. In this modification, a 
floating piston 532 is provided with O-rings 533 as an 
upper closure for the treating chamber 531. Near the up 
per end of the valve mandrel 73p, one or more lateral 
ports 535 are provided for fluid communication between 
the bore of the pipe string 12 and a hydraulic chamber 
536 above the piston. 

Suitable means to limit the upward travel of the floating 
piston 533 may be provided such as rod 537 which is of 
sufficient length to prevent the floating piston 532 from 
rising above the ports 535. The rod 537 may be con 
veniently attached to the cap 539. 

For some applications, it may be desirable to omit the 
floating piston 533 in order to introduce through the bore 
of the pipe string large quantities of treating fluid which 
can be introduced into a test zone by means of ports 535. 
The tool 20p may be used with acid or other desired 

treating material in the chamber 531. The treating mate 
rial may be introduced into the chamber 531 by removing 
the cap 539 and piston 532. The filling operation may be 
facilitated by the use of a suitable jig to operate the valve 
sleeve of the retrievable valve assembly. The passage to 
the valve chamber 531 is then closed by manipulation of 
the jig and a supply of acid or other material introduced 
into the chamber 531 and the floating piston 532 is dis 
posed thereabove. The tool 20p is then reassembled and 
introduced into the bore of the pipe string 12 in the man 
ner previously described for testing operations. When the 
retrievable assembly 20p is seated within the packer as 
sembly, pressure can be applied in the pipe string to open 
the chamber valve means. When the chamber 531 is placed 
in fluid communication with the packed-off zone of the 
well bore, the pump pressure within the pipe string 12 
forces the floating piston 532 downwardly displacing the 
acid or treating fluid into the formation. 
As one example of the use of treating chamber 531 of 
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retrievable valve assembly 20p, it may be used to deter 
mine the effect of acidizing a formation by: (1) obtain 
ing a test sample of formation fluid during drilling of a 

20h of FIG. 10; (2) removing the sample of fluid for 
analysis; (3) treating the formation with acid using the 

formation using, for example, the retrievable assembl 
~?? 

treating chamber 531 of the retrievable assembly 20p; 
(4) removing the retrievable assembly 20p; and (5) con 
ducing a further test of formation fluid by means of re 
trievable assembly 20h to determine the difference in pro 
duction from the zone before and after acidizing. 

If extensive acidizing should be required the retrievable 
assembly 20p may be used, omitting the floating piston 
532 and large quantities of acid or other treating material 
may then be injected into the formation by pumping the 
acid through the drill string 12. 

It may be noted that volatile materials or liquids under 
pressure or certain inert gases, such as carbon dioxide, are 
sometimes introduced as treating materials into a forma 
tion. A retrievable assembly of this invention, such as 
the embodiment of 20p, may be used for this purpose by 
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introducing into the sample chamber the material in 
liquified form under high pressure. Such materials will 
normally have sufficient pressure at the temperatures of 
the well bore to overcome the hydrostatic pressure of the 
well fluid and/or any pressure in the test zone to permit 
the formation to be exposed to such gas, volatile liquid, 
or fluid under pressure when the valve mechanism of the 
retrievable assembly is opened in the manner previously 
described in connection with testing operations. 
While particular embodiments of the present invention 

have been shown and described, it is apparent that changes 
and modifications may be made without departing from 
this invention in its broader aspects, and therefore the 
aim in the appended claims is to cover all such changes 
and modifications as fall within the true spirit and Scope 
of this invention. 
What is claimed is: 
1. A method of testing while drilling a well bore with 

a drilling string having hydraulically inflatable packing 
means thereon where said drill string has a control sleeve 
releasably operable to permit expansion or retraction of 
said packer means comprising the steps of: lowering a 
first sampling and sleeve control tool into the drill pipe 
when the drilling operation has been discontinued and 
operating said control sleeve to a releasable position where 
said packing means can be expanded; supplying fluid un 
der pressure to expand said packing means into sealing 
engagement with the wall of the well bore and isolation 
of a section of a well bore; opening said sampling tool to 
collect a sample of fluid from the isolated section of said 
well bore; retrieving said first sampling tool without re 
leasing the control sleeve from its releasable position; per 
forming one or more subsequent operations of lowering 
and retrieving a sampling tool from said drill pipe, each 
operation recovering a fluid sample and the packing means 
being continuously maintained in an expanded position; 
and during the last of said subsequent operations using a 
Sampling tool with means to release said control sleeve. 

2. A method of testing while drilling a well bore with a 
drilling string having inflatable packing means thereon 
comprising the steps of: supplying fluid under pressure to 
a packing means on a drilling string and expanding the 
packing means into sealing engagement with the wall of 
the well; maintaining an inflating pressure in said packing 
means; lowering and retrieving sampling tools through the 
drilling string and collecting for each trip of a sampling 
tool a fluid Sample; and after obtaining the last sample, 
deflating said packing means. - 

3. The method of claim 2 and further including the step 
of measuring the pressure of the fluid sample while the 
tool is in the drilling string. 

4. A method of testing while drilling a well bore with 
a drilling string having inflatable packing means thereon 
comprising the steps of: supplying fluid under pressure 

Va 
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to a packing means on a drilling string and expanding the 
packing means into sealing engagement with the wall of 
the well; maintaining an inflating pressure in said packing 
means; performing at least two testing operations, each 
such operation including the lowering of a retrievable 
Sampling tool through the drilling string, measuring of 
pressure in the pipe string; measuring of pressure of fluids 
isolated by the packing means before they are permitted 
to flow; measuring of pressure of fluid flowing from the 
section isolated by the packing means while collecting a 
fluid sample; measuring of pressure of fluids isolated by 
the packing means after the fluids have been permitted to 
flow; and after obtaining the last sample, deflating said 
packing means. 

5. A method of performing operations while drilling 
a well bore with a drilling string having inflatable packing 
means thereon comprising the steps of: supplying fluid 
under pressure to said packing means on said drilling 
string to expand said packing means into sealing engage 
ment with the wall of said well bore; maintaining an in 
flating pressure in said packing means; lowering and re 
trieving tools through the drilling string for performing 
operations below said packing means; and after perform 
ing the last operation, deflating said packing means. 

6. A method of testing and treating while drilling a 
well bore with a drilling string having inflatable packing 
means thereon, comprising the steps of: supplying fluid 
under pressure to said packing means on said drilling 
string to expand said packing means into sealing engage 
ment with the wall of said well bore, thereby isolating a 
formation zone; maintaining an inflating pressure in said 
packing means; conducting a first test of formation fluids 
from said isolated zone; thereafter treating the isolated 
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Zone with a treating fluid, conducting a second test of 
formation fluid from the isolated zone for comparison 
with said first test results; and then deflating said packing 
1leanS. 

7. A method of performing formation testing opera 
tions in a well bore having a pipe string positioned there 
in with inflatable packing means on the pipe string com 
prising the steps of: supplying fluid under pressure to said 
packing means on said pipe string to expand said packing 
means into sealing engagement with the wall of the well 
bore, thereby isolating a formation zone; maintaining an 
inflating pressure in said packing means; lowering and 
retrieving fluid sampling tools through the pipe string for 
performing testing operations adjacent the isolated zone; 
and after performing the last testing operation, deflating 
said packing means. 
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