
1              EP 0 271 297 B1                    2 Description
piston means from said second position to said first position. The present
invention relates to bypass de-        One particular problem with certain
prior known vices for relieving pressure on inflatable packers in  packer
bypass units is that overpull on the tester a tool string..
5   valve can result in premature actuation of the pack- In testing a well
formation, a testing string is  er bypass with resulting premature
deflation of the lowered into a well bore such that packers are
packers. In accordance with a preferred feature of positioned above and
below the formation to be    the present invention, this problem can be
reduced tested. The packers are typically of the inflatable  or avoided by
using a mandrel having a pressure type and a pump in the testing string is
actuated   10  differential thereacross which requires approximate- for
pumping fluid to inflate the packers into sealing  ly 10,000 pounds pull
(44,OOON) to actuate during a engagement with the well bore for isolation
of the  packer deflation operation. This force is greatly formation. When
testing is completed, it is neces-  more than is needed to operate the
tester valve. sary to bypass or vent the fluid in the packers back  Thus,
even if there is some overpull on the tester to the well annulus so that
the testing string may   15  valve, premature actuation of the packer
bypass is be moved to a different location in the well bore or  not likely
to occur. removed therefrom.                                    The mandrel
in the packer of the present in- A typical packer used is the Halliburton
vention is preferably automatically released when Hydroflate (trade mark)
packer which is described  in a bypass position so that it can reclose if
pump in Halliburton Services Catalog 43, pages 2537-  20  pressure is
reapplied. In this way, the packer by- 2538. The pump previously used with
this packer    pass may be used for sequential tests with the has a
built-in packer bypass which releases fluid  testing string. from the
packers when pull is exerted on the by-      The packer bypass of the
present invention is pass from the surface. We have now devised an
used to vent fluid from an inflatable packer used in improved such packer
bypass.                  25   a testing string so that the packer will
deflate, US-A-4424860 describes a pressure equalising   allowing movement
of the testing string within the and packer deflating valve apparatus
useful in an  well bore. The packer bypass comprises latching inflatable
packer straddle testing system, which   means in operative association with
the piston comprises case means defining a central opening    means for
latchingly engaging the mandrel means therethrough; piston means
reciprocably disposed   30  when the mandrel is in the sealed position and
the in said central opening of said case means and     piston means is in
the second position. After latch- movable between a first position and a
second     ing, the mandrel means may be moved from the position; and
mandrel means disposed in said cen-  sealed position to the bypass position
thereof by tral opening of said case means and having a       moving the
piston means from the second position bypass position for providing
communication be-  35  to the first position. Releasing means are prefer-
tween said packer and a well annulus and further   ably provided for
disengaging the latching means having a sealed position preventing
communication  .  and releasing the mandrel means when in the between said
packer and said well annulus.         bypass position. The mandrel means
may be According to the present invention, there is   moved back from the
bypass position to the sealed provided a packer bypass apparatus for use in
a   40  position in response to a differential pressure be- testing string
with a pump and an inflatable packer,  tween the pump and well annulus
acting across a said apparatus comprising: case means defining a
differential area defined by a portion of the mandrel central opening
therethrough; piston means re-     means. ciprocably disposed in said
central opening of. said  The packer bypass also preferably includes case
means and movable between a first position   45  overpull prevention means
for preventing actuation and a second position; mandrel means disposed in
of the piston until a predetermined force is over- said central opening of
said case means and hav-   come. The overpull prevention means may, for ing
a bypass position for providing communication  example, be characterized by
annular shoulder between said packer and a well annulus and further  means
on the mandrel means, and the shoulder having a sealed position preventing
communication   50  means is exposed to pump pressure on one side between
said packer and said well annulus; charac-  thereof and well annulus
pressure on an opposite terised by pivotable latching means in operative
side thereof, resulting in a predetermined force association with said
piston means for latchingly  acting on the mandrel means which must be
over- engaging said mandrel means when said mandrel      come before the
mandrel means can be moved to means is in said sealed position and said
piston   55  the bypass position. means is in said second position, whereby
said        Pressure balancing means is also preferably mandrel means may
be moved from said sealed       included in the packer bypass for balancing
pres- position to said bypass position by moving said   sure between the
case means and the piston 
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minimizing downward  force on the pack-  tioned between a bypass position
for venting a er. The pressure balancing means can comprise a    packer to
a well annulus and a sealed position recess defined in the case means and
annular      preventing such venting. shoulder means on the piston  means
extending         In order that the invention may be more fully into the
recess such that a cavity is formed there-   5   understood, one embodiment
thereof will now be between with an upper portion in communication
described by way of example only, with reference with the pump and the
lower portion in communica-  to the accompanying drawings, in which: tion
with the well annulus.                          FIGS. 1A-1B show the
embodiment of packer In a preferred embodiment, the packer bypass
bypass of the present invention as part of a further comprises inner flow
tube means disposed   10    testing string in position in a well bore for
testing in the case means such that an annular flow pas-     a well
formation. sageway is defined between the case means and        FIGS. 2A-2D
show a partial longitudinal cross flow tube means. The piston means has an
annular.    section of the packer bypass in a closed, sealed portion
disposed in the flow passageway, and the     position. mandrel means is
characterized by a  generally  15    FIG. 3 is a side elevation of a
latching assembly annular mandrel disposed in the flow passageway.     used
in the packer bypass. The latching means preferably comprises a
FIG. 4 is a cross section taken along lines 4-4 in releasable latch
assembly with at least one latch    FIG. 3. pivotally attached to the lower
portion of the piston  FIG. 5 shows. an elevation of a lower end of a
means. The latch may comprise a lower end hav-  20    flow tube in the
packer bypass. ing a latching position and a release position and   FIGS.
6A-6D show the packer bypass in a posi- biasing means for biasing the lower
end of the       tion in which a piston therein is latched to a latch
toward the latching position. The latch is     bypass mandrel and ready for
actuation from preferably one of a plurality of angularly spaced    the
closed position to the open position. latches, and the biasing means
includes at least  25  FIGS. 7A-7D show a partial longitudinal cross one
garter spring disposed around the latches. The   section of the  packer
bypass in an open, by- releasing means comprises a tapered surface in
passing position. the case means for engaging an upper end of the
Referring now to the drawings, and more par- latch and pivoting the lower
end of the latch to the  ticularly to FIGS. 1A-1B, the packer bypass is
released position.                            30  shown and generally
designated by the numeral Sealing means are provided for sealing be-
10. Packer bypass 10 forms part of a testing ap- tween the mandrel means
and the flow tube means .  paratus or tool 12. Testing apparatus is shown
in when the mandrel means is in the bypass position  -    position in a
well bore 14 for use in testing a well such that the flow passageway is
separated into    formation 16. upper and lower portions. The mandrel means
35      Testing apparatus 12 is attached to the lower comprises check valve
means for venting the up-    end of the tool string 18 and includes a
reversing per portion of the flow passageway through a by-   [err] sub 20,
a tester valve 22 such as the Halliburton pass passageway in the mandrel
means when a        Hydrospring[err] tester, an extension joint 24, and a
differential pressure between the upper portion of  pump 26 of a type
having a pressure limiter means the flow passageway and the well annulus
exceeds   40  28, all of which are positioned above packer by- a
predetermined level.                             pass 10.    - The packer
bypass of the present invention is    -Disposed below packer bypass 10 is a
string used as a portion of a downhole testing tool which  bypass 30  and a
safety joint 32. An upper packer includes a pump attached to an upper
testing string   34 is attached to the lower end of safety joint 32 portion
and an inflatable packer disposed below the   45  and is disposed above
well formation 16. String pump and positionable adjacent the well formation
bypass 30 is used for bypassing fluid around upper to be tested. The packer
bypass is disposed be-   packer  34 as tool string  18 is lowered into, or
tween the pump and packer and allows commu-        raised out of, well bore
14. A lower packer 36 is nication between the pump and packer when the
positioned below well formation 16. A porting sub mandrel means is in the
sealed position and vents  so  38 interconnects upper packer 34 and lower
packer the pump through the upper portion of the flow     36. Spacers (not
shown) may also be used  be- passageway to the well annulus and vents the
tween upper packer 34 and, lower packer 36 de- packer through the lower
portion of the flow pas-  pending upon the longitudinal separation required
sageway to the well annulus when  the mandrel     therebetween. 



means is moved to the open position.         55              Pump 26 is
preferably a positive displacement One feature of the present invention is
the    pump and is used to inflate upper packer 34 and provision of a
packer bypass having a bypass      lower packer 36 in a manner known in the
art such mandrel therein which may be selectively posi-    that the packers
may be placed in sealing engage- 3    5             EP0271 297B1
6 ment with well bore 14, thus isolating well forma-  84 into which is
threadedly engaged the lower end tion 16 as shown in FIGS. 1A-1B so that a
testing  86 of inner flow tube 88. operation may be carried out.
Inner flow tube 88 acts as an inner flow tube A gauge carrier 40 is
attached to the lower end  means and extends through the entire length of
of lower packer 36 and includes a plurality of drag   5   packer bypass 10
including central opening 52 of springs 42 which are adapted to engage well
bore  case means 50. As shown in FIGS. 2A and 2B, 14 and prevent rotation
of a portion of testing  inner flow tube 88 extends upwardly and outwardly
apparatus 12 during inflation of upper packer 34  of the case means into
piston means 56. It will be and lower packer 36.
seen in FIGS. 2B-2D that case means 50 and inner A well annulus 44 is
defined between testing  10  flow tube 88 define a generally annular flow
pas- apparatus 12 and well bore 14, and when upper    sageway 90
therebetween. Thus, mandrel means packer 34 and lower packer 36 are
inflated into  54 and the substantially annular lower end of piston sealing
engagement with well bore 14, it will be  means 56 are disposed in annular
passageway 90. seen that well annulus 44 is divided into an upper
Referring again to FIGS. 2A and 2B, the upper portion 46 above upper packer
34 and a lower  15  end of piston means 56 includes a top adapter 92
portion 48 below lower packer 36. Both upper     having an internally
threaded portion 94 adapted portion 46 and lower portion 48 of well annulus
44  for attachment to the portion of testing apparatus are sealingly
separated from well formation 16 by  12 which is above packer bypass 10.
Top adapter the packers.                                     92 has a
central bore 96 therein with a plurality of Referring now to FIGS. 2A-2D,
packer bypass  20  lugs 98 extending radially inwardly therefrom. The 10 is
shown in a closed, sealed position. This is  lower end of top adapter 92 is
connected to hy- preferably the position in which the apparatus is set
draulic piston 100 at threaded connection 102. A as testing apparatus 12 is
lowered into well bore  seal 104 provides sealing between top adapter 92
14. However, as will be further discussed herein,  and hydraulic piston
100. packer bypass 10 may also be run into well bore  25  Positioned above
hydraulic piston 100 in top 14 in an open, bypass position.
adapter 92 is an upper seal mandrel 106. The The major components of packer
bypass 10      lower end of seal mandrel 106 includes a radially include a
case means  50  with a central opening 52  outwardly extending flange 108
which is longitudi- therethrough, mandrel means 54 disposed in a      nally
positioned between lugs 98 in top adapter 92 lower end of central opening
52, and piston means  30  and upper end 110 of hydraulic piston 100. The 56
having a lower portion reciprocably disposed in  upper end of seal mandrel
106 includes seals 112 central opening 52 of case means 50 above man-   and
is adapted for engagement with a mandrel (not drel means 54.
shown) of a. kind known in the art which is in the Referring to FIG. 2B,
the upper end of case   portion of testing apparatus 12 above packer by-
means 50 is formed by a hydraulic case 58 having   35  pass 10. an upper
end with a first bore 60 therein. Hydraulic  Upper seal mandrel 106 has a
first bore 114 case 58 also has a second bore 62 outwardly      through the
upper end thereof and a second bore spaced from first bore 60. A downwardly
facing,  116 outwardly spaced from first bore 114. Second annular shoulder
64 extends between first bore 60  bore 116 is in close, spaced relationship
with first and second bore 62. A transverse hole 66 provided  40  outside
diameter 118 of inner flow tube 88. Seals communication between second bore
62 and well     120 provide sliding, sealing engagement between annulus 44.
upper seal mandrel 106 and inner flow tube 88. The lower end of hydraulic
case 58 is con-       It will be seen that upper seal mandrel 106 is nected
to an upper end of a splined nipple 68 at  spaced inwardly from central
bore 96 of top adapt- threaded connection 70.                      45  er
92 such that an annular cavity 122 is defined Referring now to FIG. 2C, the
lower end of    therebetween. Similarly, first outside diameter 118 splined
nippled 68 is connected to bypass case 72  of inner flow tube 88 is spaced
inwardly from at threaded connection 74. Seal 76 insures sealing  central
bore 124 of hydraulic piston 100 such that engagement between splined
nipple 68 and bypass  an annular cavity 126 is defined therebetween case
72.                                     50  throughout the length of
hydraulic piston 100. At 



The lower end of bypass case 72 is connected  least one annularly disposed
hole 128 extends in a to the upper end of bottom adapter 78 at threaded
generally longitudinal direction through flange 108 connection 80.
of upper seal mandrel 106 and provides commu- As shown in FIG. 2D, bottom
adapter 78 has an  nication between annular cavity 122 and annular
externally threaded lower end 82 which is adapted   55  cavity 126. for
connection to the portion of testing string 12   Referring now to FIG. 2B,
seals 130 provide below packer bypass 10. The lower end of bottom  sealing
engagement between the upper end of adapter  78 also has an internally
threaded portion  hydraulic case 58 and first outside diameter 134 of 4
7                 EP 0 271 297 B1                    8 hydraulic piston
100. The lower end of hydraulic   mandrel 170 includes a plurality of
angularly piston 100 has a second outside diameter 136       spaced,
substantially longitudinal slots 174 therein. which is radially outwardly
spaced from first out-  A substantially annular latch support flange 176
side diameter 134 and is in close, spaced relation-  extends radially
outwardly on latching assembly ship with second bore 62 of hydraulic case
58.   5   mandrel 170. It will be seen that latch support Seals 138 and 140
provide sliding, sealing engage-  flange 176 is located at an intermediate
position ment between hydraulic piston 100 and second       along slots
174, and slots 174 extend through latch bore 62 of hydraulic case 58. It
will be seen that  support flange 176. An elongated latching finger
hydraulic piston 100 thus has an upwardly facing   178 with a body portion
180 is disposed in each shoulder 142 between first outside diameter 134  10
slot 174. In the preferred embodiment, three slots and second outside
diameter 136, and shoulder      174 and three latching fingers 178 are
used. How- 142 faces shoulder 64 in hydraulic case 58. In the  ever, the
apparatus is not limited to this configura- position shown in FIG. 2B,
shoulder 142 is in      tion. contact with shoulder 64.
Body portion 180 of each latching finger 178 Hydraulic piston 100 has at
least one substan-   15  defines a hole 182 therethrough which is aligned
tially transverse hole 144 therethrough. In the pre-  with a pair of other
holes 184 through latch support ferred embodiment, the central axis of hole
142 is  flange 176 of latching assembly. mandrel 170, as in substantially
the same transverse plane as      best shown in FIG. 4. The central axis of
each pair shoulder 140 on hydraulic piston 100.              of holes 184
intersects flange 176 in a chord-like The lower end of hydraulic piston 100
is at-  20   manner. A pivot pin 186 is disposed through each tached to the
upper end of splined mandrel 146 at  corresponding set of holes 182 and 184
such that threaded connection 148. A seal 150 provides seal-  latching
finger 178 is pivotally mounted in slot 174 ing engagement therebetween.
with pivot pin 186 defining a point of pivotation. Splined mandrel 146 has
a central bore 152         The upper end of each latching finger 176
therethrough which is substantially the same diam-   25  above pivot pin
186 has a chamfered outer surface eter as central bore 124 of hydraulic
piston 100.  which tapers inwardly toward the top. In the upper- Thus, it
will be seen that annular cavity 126 contin-  most position of piston means
56 with respect to ues below hydraulic piston 100 and along the en-   case
means 50 as shown in FIGS. 2A-2D, cham- tire length of splined mandrel 146.
fered surface 188 of latching finger 178 engages a Splined mandrel 146 has
an outside diameter  30  corresponding chamfered inner surface 190 at the
154, and seals 156 provide sliding, sealing engage-  lower end of splines
160 in splined nipple 68 such ment between outside diameter 154 and the
upper    that the upper end of each latching finger 178 is end of splined
nipple 68. Extending radially out-  pivoted inwardly. The lower end of each
latching wardly from outside diameter 154 of splined man-   finger 178
below pivot pin 186 is correspondingly drel 146 are a plurality of splines
158 which are  35  pivoted outwardly. engaged with inwardly extending
splines 160 in         Latching finger 178 also includes an outwardly
splined nipple 68. It will be seen that the engage-  facing notch- 192
below pivot pin 186. A biasing ment of splines 158 and 160 prevents
relative     means, such as a plurality of garter springs 194, is rotation
between piston means 56 and case means    positioned around latching
fingers 178 and in 50 while allowing relative longitudinal movement  40
notches 192 therein. It will be seen that garter therebetween.
springs 194 tend to bias  the lower end of latching Outside diameter 154 of
splined mandrel 146 is  fingers 178 radially inwardly. spaced radially
inwardly from second bore 62 of       The lower end of each latching finger
178 has hydraulic case 58. Thus, a substantially annular   an inwardly
extending latching tooth 196 with an hydraulic piston chamber 162 is
defined radially  45  inwardly facing notch 198 above and adjacent tooth
between outside diameter 154 of splined mandrel    196. The lower side of
each tooth 196, and thus of 



146 and second bore 62 of hydraulic case 58, and   each latching finger
178, includes a tapered sur- longitudinally between bottom face 164 of
hydraulic  face 200 which tapers inwardly toward the top. piston 100 and
top face 166 of splined nipple 68.     As seen in FIGS. 2A-2C,  first
outside diameter Transverse hole 66 through hydraulic case 58 thus   50
118 of inner flow tube 88 is substantially constant provides communication
between piston chamber      through the entire length of piston means 56. A
162 and well annulus 44.                           second diameter 202 of
inner flow tube 88 is larger Referring now to FIG. 2C, a latching means,
than first diameter 118. Second outside diameter generally designated by
the numeral 168, is shown.  202 includes a plurality of wrenching flats 204
Latching means 168 includes a latching assembly  55  thereon which are used
when installing lower end mandrel 170 which is attached to the lower end of
86 of the inner flow tube into threaded portion 84 of splined mandrel 146
at threaded connection 172.    bottom adapter 78 of case means 50.
Referring also to FIG. 3, latching assembly        Inner flow tube 88 also
has a third outside 5    9                 EP 0 271 297 B1
10 diameter 206 which, in the position of packer by-  adapter 78 and second
outside diameter 230 of pass 10 shown in FIGS. 2A-2D, is longitudinally
mandrel 212. located between latching means 168 and mandrel       Mandrel
212 has first and second check valve means 54. Third outside diameter 206
is shown in  ports 244 and 246 angularly disposed therein. First FIG. 2C
and is larger than second diameter 202 of   5   and second check valve
ports 244 and 246 are inner flow tube 88. Inner flow tube 88 also has a
preferably angularly displaced from one another fourth outside diameter 208
which is smaller than  about a central longitudinal axis of packer bypass
third outside diameter 206 and extends therebelow.  10 at approximately
[err] A first ball check valve A downwardly facing chamfer 210 on inner
flow     248 is positioned in first check valve port 244, and tube 88
interconnects third outside diameter 206   10  a first valve retainer 250
is threaded into the first and fourth outside diameter 208 thereof.
check valve port to hold the first ball check valve in Referring again to
FIGS. 2C and 2D, mandrel    place and act as a seat therefor. A first check
valve means 54 is preferably characterized by an elon-  spring 252 biases
first ball check valve 248 into gated, substantially annular mandrel 212
which is  sealing engagement with first valve retainer 250. annularly
disposed between inner flow tube 88 and   15  Similarly, a second ball
check valve 254 is held in case means 50. In the position shown in FIGS.
2C-  place by. and normally seated against, a second 2D, mandrel 212 is in
a lowermost position in which  valve retainer 256 which is threaded into
second a lower end 214 thereof engages upwardly facing   check valve
portion 246, and a second check valve shoulder 216 in bottom adapter 78 of
case means   spring 258 biases second ball check valve 254 into 50. It will
thus be seen that when piston means 56   20  sealing engagement with second
valve retainer is in the uppermost position shown in FIGS. 2A-2D,  256.
mandrel 212 is spaced below latching fingers 178.     Extending downwardly
from first check valve The upper end of mandrel 212 includes a rela-  port
244 below first ball check valve 248 is a tively small diameter neck
section 218 with a radi-  substantially longitudinal port 260 with a
transverse ally outwardly extending flange 220 at the top   25  port 262
intersecting the lower end thereof. It will thereof. Flange 220 is adapted
to be engaged by   be seen that, in the position of mandrel 212 shown teeth
196 and notches on latching fingers 178 as  in FIGS. 2C and 2D, transverse
port 262 opens hereinafter described.                            toward
first bore 232 of bottom adapter 78 of case Below neck portion 218, mandrel
212 has a      means 50 at a longitudinal position between upper first
outside diameter 222 which is in close, spaced   30  seals 234 and
intermediate seals 236. relationship to inner bore 224 of bypass case 72.
Extending downwardly from  second check Seals 226 insure sliding, sealing
engagement be-  valve port 246 below second ball check valve 254 tween
mandrel 212 and bypass case 72. Bypass      is an angularly disposed port
264. It will be seen case 72 has a transverse hole 228 therethrough    that
port 264 opens on the radially inner side of which is always located below
seals 226, regard-  35   mandrel 212 toward inner flow tube 88. less of the
position of mandrel 212 within case      Mandrel 212 has a first bore 266,
a second means 50.                                         bore 268 spaced
radially inwardly from first bore Mandrel 212 has a second outside diameter
266, and a third bore 270 larger than second bore 230 which is smaller than
first outside diameter 222  268. A sealing means, such as a set of inner
seals such that a downwardly facing shoulder 231 is  40  272 is disposed on
second bore 268 of mandrel formed. Second outside diameter 230 is in close,
212. In the position shown in FIGS. 2C and 2D, it spaced relationship to
first bore 232 in bottom   will be seen that seals 272 are radially
outwardly 



adapter 78. Upper seals 234 located at the upper  spaced from fourth
outside diameter 208 of inner end of bottom adapter 78 provide sealing
engage-  flow tube 88 so that there is no sealing engage- ment between the
bottom adapter and second out-  45  ment between the inner flow tube and
mandrel 212. side diameter 230 of mandrel 212. It will be seen  It will
also be seen that inner seals 272 are posi- that seals 234 are fixedly
positioned below trans-  tioned above the intersection of angularly
disposed verse hole 228 in bypass case 72.                 port 264 with
second bore 268 of mandrel 212. A set of intermediate seals 236 are spaced
A substantially transverse hole 274 extends below upper seals 234 and also
seal on second   50  through mandrel 212 from third bore 270 thereof. In
outside diameter 230 of mandrel 212. An annular   the position shown in
FIGS. 2C and 2D, hole 274 is recess 238 extends outwardly from first bore
232  positioned below lower seals 242 in bottom adapter of bottom adapter
78. Recess 238 is longitudinally  78 of case means 50. positioned below
intermediate seals 236. A trans-    Referring now to FIGS. 2D and 5, the
lower verse hole 240 provides communication between   ss  end of inner flow
tube 88 is shown. Inner flow tube recess 238 and well annulus 44. A set of
lower    88 includes a fifth outside diameter 276 which is seals 242 is
positioned below recess 238 and also  generally adjacent and facing annular
recess 278 in provides sealing engagement between bottom        bottom
adapter 78. A recess or notch 280 is 6    11                EP 0 271 297 B1
12 formed in fifth outside diameter 276 of inner flow  through hole 240.
tube 88, and it will be seen that this insures fluid  Once upper packer 34
and lower packer 36 are communication between recess 278 and annular
inflated, a test on well formation 16 may be carried passageway 90 along
second bore 282 of bottom      out in a manner known in the art. After the
test, it is adapter 78. Another flow passageway 284 formed   5   necessary
to deflate packers 34 and 36 so that in fifth outside diameter 276 and
threaded portion  testing apparatus 12 may be removed from well 86 of inner
flow tube 88 insures fluid communica-  bore 14 or moved to another position
in the well tion between annular recess 278 and the compo-     bore for
testing a different well formation. To ac- nents of testing apparatus 12
attached below pack-  complish this, weight is set down on testing string
er bypass 10, including upper packer 34 and lower  10  18 so that piston
means 56 is moved downwardly packer 36. As will be discussed in greater
details  with respect to case means 50 to the position herein,
communication is thus provided to the     shown in FIGS. 6A-6D. As this
occurs, of course, packers for inflation and deflation thereof.
splines 158  on splined mandrel 146 slide downwar- Inner flow tube 88
further includes a second   dly with respect to splines 160 in splined
nipple 68. bore 285 at the lower end thereof. Second bore  15    As soon as
latching fingers 178 are moved 285 is adapted for receiving a mandrel (not
shown)  below chamfered surface 190 in splined nipple 68, of a kind known
in the art which is included in the  garter springs 194 act to pivot the
lower ends of portion of testing apparatus 12 below packer by-   latching
fingers 178 inwardly. Over-pivotation is pass 10.
prevented by the contact of inner surface 292 of 20  latching fingers 178
with outer surface 294 of latch- Operation Of The Invention
ing assembly mandrel 170, as best shown in FIG. 6C. As testing apparatus 12
is lowered into well       When piston means 56 and latching means bore 14
on tool string 18, packer bypass 10 is     168 are moved to the lowermost
position shown in preferably in the position shown in FIGS. 2A-2D.  25
FIGS. 6C and 6D, chamfered surface 200 on the That is, piston means 56 is
in the uppermost posi-  lower end of each latching finger 178 engages tion
with respect to case means 50, and mandrel    flange 220 on the upper end
of mandrel 212 so means 54 is in the lowermost position with respect  that
the lower ends of the latching fingers are again to case means 50. When
testing apparatus 12 is in  pivoted outwardly until all teeth 196 pass
below the position shown in FIGS. 1 A and 1B with upper  30  flange 220, at
which point garter springs 194 will packer 34 and lower packer 36 located
properly     snap the lower ends of latching fingers 178 in- with respect
to well formation 16, pump 26 is      wardly, so that the latching fingers
are in a latching operated to inflate the packers. Fluid is pumped
position with teeth 196 thereon positioned below from well annulus 44
downwardly through an an-     flange 220 on mandrel 212, and flange 220
extends nular passageway in testing apparatus 12. A part of  35  into notch
198 on each latching finger 178. this annular passageway passes through
packer         Downward movement of piston means 56 with bypass 10 and
includes annular cavity 122, hole    respect to case means 50 , and thus
the downward 128, annular cavity 126, an upper portion 286 of   movement of
latching means 168 with respect to 



annular passageway 90 above mandrel 212, an-       mandrel means 54, is
limited by the engagement nular space 288 between mandrel 212 and inner  40
of lower end 296 of top adapter 92 with upper end flow tube 88, a lower
portion 290 of annular pas-  298 of hydraulic case 58. This is best seen in
FIG. sageway 90 below mandrel 212, notch 280, recess    6A. 278 and flow
passageway 284.                          Further, as piston means 56 is
moved down- When fluid is being pumped from pump 26 to     wardly with
respect to case means 50, fluid in packers 34 and 36 through packer bypass
10, first  45  piston chamber 162 is displaced through hole 66 in and
second ball check valves 248 and 254 are in    hydraulic case 58 to well
annulus 44. In other their closed positions. It will be seen that trans-
words, the volume of piston chamber 162 is re- verse hole 228 through
bypass case 72 of case      duced. Simultaneously, an upper piston chamber
means 50 is sealed by seals 226 on mandrel 212     300 is annularly formed
between hydraulic piston and upper seals 234 on bottom adapter 78. Thus,
so  100 and hydraulic case 58 and longitudinally be- fluid communication
between annular passageway    tween the shoulder 64 on hydraulic case and
90 in packer bypass 10 and well annulus 44        shoulder 142 on the
hydraulic piston. The volume through hole 228 is prevented.
of upper piston chamber 300 increases as piston Similarly, transverse hole
240 in bottom adapt-  means 56 is moved downwardly. Fluid is allowed to er
78 of case means 50 is sealed by intermediate  55  enter upper piston
chamber 300 through hole 144 seals 236 and lower seals 242 on bottom
adapter    in hydraulic piston 100. 78, again preventing fluid
communication between      Once latching means 168 is latchingly engaged
annular passageway 90 and well annulus 44         with mandrel means 54,
the mandrel means may 7    13                EP0271297B1
14 be raised to an open, bypassing position by lifting  raised above upper
seals 234 and placed in com- on tool string 18 and thus raising piston
means 56,  munication with annular cavity 231 and hole 228 in and mandrel
means 54 latched thereto, with re-    bypass case 72, and thus also in
communication spect to case means 50. When piston means 56 is   with well
annulus 44. returned to the uppermost position thereof at which   5  First
check valve 252 stays open, and pump point shoulder 142 on hydraulic piston
100 again   pressure above mandrel 212 is bypassed through contacts
shoulder 64 in hydraulic case 58, mandrel  packer bypass 10 past first ball
check valve 248 means 54 is raised to the uppermost position      and
through longitudinal port 260, transverse port thereof, as best shown in
FIGS. 7A-7D.             262, annular cavity 231 and hole 228 to well an-
It will be seen by those skilled in the art that  10  nulus 44. downwardly
facing shoulder 231 defines an annular     Simultaneously, transverse hole
274 in mandrel differential area on mandrel 212 with pump pres-   212 is
raised to a position between intermediate sure thereabove and well annulus
pressure there-   seals 236 and lower seals 242 in bottom adapter below.
Shoulder 231 is preferably sized such that,  78 of case means 50. In this
position, transverse prior to upward movement of mandrel 212, an  15  hole
274 is thus placed in communication with upward pull of approximately
10,000 pounds       recess 238 and hole 240 in bottom adapter 78, and
(44,OOON) on tool string 18 is required to move the  thus in communication
with well annulus 44. mandrel. Upward movement of tool string 12 is
Because of the sealing engagement of inner required during a testing
operation to actuate tester  seals 272 with third outside diameter 206 of
inner valve 22, and obviously, it would be undesirable to  20  flow tube
88, lower portion 290 of annular passage- prematurely relieve the pressure
in packers 34 and  way 90 below inner seals 272 is sealingly sepa- 36.
Therefore, this requirement of 10,000 pounds  rated from upper portion 286
of annular passage- (44,OOON) overpull provides an overpull prevention  way
90 above mandrel 212. In other words, annular means so that packer bypass
10 cannot be in-       space 288 is closed off. advertently opened during a
normal test.      25      The pressure in packers 34 and 36 is relieved As
piston means 56, and mandrel means 54       upwardly through the portion of
testing apparatus latched thereto, are moved upwardly, seals 272 on  12
below packer bypass 10 and through flow pas- mandrel 212 sealingly engage
third outside diam-   sageway 284, recess 278, notch 280 to lower por- eter
206 of inner flow tube 86. This causes second  tion 290 of annular
passageway 90 below inner ball check valve 254 to open to maintain an equal
30  seals 272. Thus, the inflation chambers of packers pressure in upper
portion 286 and lower portion    34 and 36 are in communication with hole
274 in 290 of annular passageway 90.                      mandrel 212,
recess 238 and hole 240 in bottom As transverse port 262 in mandrel 212 is
adapter 78, and thus are in bypassing, deflating moved above upper seals
234 on bottom adapter      communication with well annulus 44. 



78 of case means 50, first ball check valve 248 will  35  After deflation
of packers 34 and 36 by by- open. As this occurs, the pressure in annular
flow  passing through packer bypass 10 as above de- passageway 90 will drop
rapidly to well annulus   scribed, testing apparatus  12 may be moved
within pressure, and the  force required to raise mandrel  well bore 14. If
it is desired to retest well formation 212 will drop accordingly since the
pressure across  16 or move testing apparatus 12 for testing another the
annular area of shoulder 231 will be essentially  40  well formation,
packer bypass 10 will automatically balanced.
reset to the position shown in FIGS. 2A-2D when Continued upward movement
of piston means      pump pressure is applied by pump 26. As fluid 56 and
mandrel 212 will stop when shoulder 142     pressure in upper portion 286
of annular passage- on hydraulic piston 100 engages shoulder 64 in     way
90 above mandrel 212 increases, the pump hydraulic case 58. At this point,
piston means 56   45  pressure acting upon the top of mandrel 212 will and
mandrel means 54 are in the position shown in  cause the mandrel to move
downwardly to its FIGS. 7A-7D. Chamfered surface 188 on latching
lowermost position. First check valve spring 252 fingers 178 again contacts
chamfered surface 190   and second check valve spring 258 are sized such at
the lower end of splined nipple 68, acting as a  that first ball check
valve 248 and second ball releasing means so that the lower end of latching
50  check valve 254, respectively, will not open before fingers 178 are
again pivoted radially outwardly   mandrel 212 is repositioned in the
downwardmost, such that teeth 196 are disengaged from flange     closed
position. Once mandrel 212 is again at the 220 on mandrel 212.
downwardmost position, the entire cycle may be In the raised position of
mandrel 212, it will be  repeated. seen that annular cavity 231 between
second out-  55  It will be seen, therefore, that the packer by- side
diameter 230 of mandrel 212 and inner bore    pass of the present invention
is well adapted to 224 of bypass case 72 is enlarged. Transverse port
carry out the ends and advantages mentioned, as 262 at the lower end of
longitudinal port 260 is   well as those inherent therein. While a
presently 8    15                EP 0271297 B1                      16
preferred embodiment of the invention has been   6. Apparatus according to
any of claims 1 to 5, described for the purposes of this disclosure, nu-
further comprising pressure balancing means merous changes in the
arrangement and construc-       (162,300) for balancing pressure between
said tion of parts may be made by those skilled in the     case means and
said piston means for mini- art, without departing from the invention
claimed in   5  mizing downward force on said packer. the following claims.
7. Apparatus according to any of claims 1 to 6, Claims
further comprising inner flow tube means (88) disposed in said case means
such that an 1. A packer bypass apparatus (10) for use in a   to   annular
flow passageway (90) is defined be- testing string (18) with a pump (26)
and an        tween said case means and said flow tube inflatable packer,
said apparatus comprising:     means; wherein said piston means has an an-
case means (50) defining a central opening         nular portion disposed
in said flow passage- (52) therethrough; piston  means (56) re-
way; and said mandrel means is characterized ciprocably disposed in said
central opening of  15  by a generally annular mandrel disposed in said
case means and movable between a first       said flow passageway. position
and a second position; mandrel means (54) disposed in said central opening
of said  PatentansprUche case means and having a bypass position for
providing communication between said packer  20  1.
Packerumgehungsvorrichtung (10) zur Verwen- and a well annulus and further
having a sealed     dung in einem PrUfstrang (18) mit einer Pumpe position
preventing communication between          (26) und einem aufblasbaren
Packer, enthal- said packer and said well annulus;                tend
Gehausemittel (50), die eine durchgehen- characterised by pivotable
latching means          de Mitteldffnung (52) bestimmen; Kolbenmittel (168)
in operative association with said piston   25  (56), die hin- und
herbeweglich in der Mitteldff- means for latchingly engaging said mandrel
nung der Gehdusemittel angeordnet und zwi- means when said mandrel means is
in said           schen einer ersten Stellung und einer zweiten sealed
position and said piston means is in        Stellung verstellbar sind; und
in der Mittel6ff- said second position, whereby said mandrel         nung
der Gehausemittel angeordnete Dornmit- means may be moved from said sealed
posi-  30     tel (54), die eine Umgehungsstellung zur Her- 



tion to said bypass position by moving said        stellung einer
Verbindung zwischen dem Pak- piston means from said second position to said
ker und einem  Bohrlochringraum  und ferner first position.
eine abgedichtete Stellung einnehmen, in der sie eine Verbindung zwischen
dem Packer und 2. Apparatus according to claim 1, further com-   35  dem
Bohrlochringraum verhindern, prising releasing means (188,190) for disen-
gekennzeichnet durch den Kolbenmitteln wir- gaging said latching means and
releasing said      kungsmWfig zugeordnetM, schwenkbare Riegel- mandrel
means when in said bypass position.        mittel (168), die verriegelnd an
den Dornmitteln angreifen, wenn sich die Dornmittel in der ab- @   3.
Apparatus according to claim 1 or 2 wherein  40    gedichteten Stellung und
die Kolbenmittel in said mandrel means is movable from said by-      der
zweiten Stellung befinden, wodurch die pass position to said sealed
position in re-       Dornmittel aus uer abgedichteten Stellung da- sponse
to a differential pressure between said    durch in die Umgehungsstellung
bewegt wer- pump and said well annulus acting across a        den k6nnen,
daB die Kolbenmittel aus der portion of said mandrel means.            45
zweiten Stellung in die erste Stellung verstellt werden. 4. Apparatus
according to claim 1,2 or 3, further comprising overpull prevention means
(231) for  2. Vorrichtung nach Anspruch t, ferner gekenn- preventing
movement of said mandrel means         zeichnet durch Freigabemittel (188,
190) zur until a predetermined force is overcome.  so      Losung der
Riegelmittel und Freigabe der Dornmittel, wenn diese sich in der Umge- 5.
Apparatus according to claim 4, wherein said       hungsstellung befinden.
overpull prevention means is characterized by a differential area on said
mandrel means, said  3. Vorrichtung nach Anspruch 1 oder 2, dadurch area
being exposed to pump pressure on one   55   gekennzeichnet, daB die
Dornmittel aus der side thereof and well annulus pressure on an
Umgehungsstellung unter Ansprechen auf ei- opposite side thereof.
nen Differenzdruck zwischen der Pumpe und dem  Bohrlochringraum, der einem
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preferred embodiment of the invention has been     6. Apparatus according
to any of claims 1 to 5, described for the purposes of this disclosure, nu-
further comprising pressure balancing means merous changes in the
arrangement and construc-       (162,300) for balancing pressure between
said tion of parts may be made by those skilled in the     case means and
said piston means for mini- art, without departing from the invention
claimed in   s  mizing downward force on said packer. the following claims.
7. Apparatus according to any of claims 1 to 6, Claims
further comprising inner flow tube means (88) disposed in said case means
such that an 1. A packer bypass apparatus (10) for use in a   10   annular
flow passageway (90) is defined be- testing string (18) with a pump (26)
and an        tween said case means and said flow tube inflatable packer,
said apparatus comprising:      means; wherein said piston means has an an-
case means (50) defining a central opening         nular portion disposed
in said flow passage- (52) therethrough; piston  means (56) re-
way; and said mandrel means is characterized ciprocably disposed in said
central opening of  15  by a generally annular mandrel disposed in said
case means and movable between a first        said flow passageway.
position and a second position; mandrel means (54) disposed in said central
opening of said  Patentanspriche case means and having a bypass position
for providing communication between said packer  20  1.
Packerumgehungsvorrichtung (10) zur Verwen- and a well annulus and further
having a sealed     dung in einem Prufstrang (18) mit einer Pumpe position
preventing communication between          (26) und einem aufblasbaren
Packer, enthal- said packer and said well annulus;                tend
GehAusemittel (50), die eine durchgehen- characterised by pivotable
latching means          de Mitteldffnung (52) bestimmen; Kolbenmittel (168)
in operative association with said piston   25  (56), die hin- und
herbeweglich in der Mitteldff- means for latchingly engaging said mandrel
nung der Gehausemittel angeordnet und zwi- 



means when said mandrel means is in said           schen einer ersten
Stellung und einer zweiten sealed position and said piston means is in
Stellung verstellbar sind; und in der Mitteloff- said second position,
whereby said mandrel         nung der GehAusemittel angeordnete Dornmit-
means may be moved from said sealed posi-  30     tel (54), die eine
Umgehungsstellung zur Her- tion to said bypass position by moving said
stellung einer Verbindung zwischen dem Pak- piston means from said second
position to said     ker und einem  Bohrlochringraum und ferner first
position.                                    eine abgedichtete Stellung
einnehmen, in der sie eine Verbindung zwischen dem Packer und 2. Apparatus
according to claim 1, further com-   35  dem Bohrlochringraum verhindern,
prising releasing means (188,190) for disen-       gekennzeichnet durch den
Kolbenmittein wir- gaging said latching means and releasing said
kungsmgBig zugeordnete, schwenkbare Riegel- mandrel means when in said
bypass position.        mittel (168), die verriegelnd an den Dornmitteln
angreifen, wenn sich die Dornmittel in der ab- 3. Apparatus according to
claim 1 or 2, wherein  40   gedichteten Stellung und die Kolbenmittel in
said mandrel means is movable from said by-        der zweiten Stellung
befinden. wodurch die pass position to said sealed position in re-
Dornmittel aus uer abgedichteten Stellung da- sponse to a differential
pressure between said     durch in die Umgehungsstellung bewegt wer- pump
and said well annulus acting across a         den k6nnen, daB die
Kolbenmittel aus der portion of said mandrel means.            45
zweiten Stellung in die erste Stellung verstellt werden. 4. Apparatus
according to claim 1,2 or 3, further comprising overpull prevention means
(231) for  2. Vorrichtung nach Anspruch 1, ferner gekenn- preventing
movement of said mandrel means          zeichnet durch Freigabemittel (188,
190) zur until a predetermined force is overcome.  50       Losung der
Riegelmittel und Freigabe der Dornmittel, wenn diese sich in der Umge- 5.
Apparatus according to claim 4, wherein said       hungsstellung befinden.
overpull prevention means is characterized by a differential area on said
mandrel means, said  3. Vorrichtung nach Anspruch 1 oder 2, dadurch area
being exposed to pump pressure on one   55    gekennzeichnet, da3 die
Dornmittel aus der side thereof and well annulus pressure on an
Umgehungsstellung unter Ansprechen auf ei- opposite side thereof.
nen Differenzdruck zwischen der Pumpe und dem Bohrlochringraum, der einem
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Dornmittel anliegt, in die abgedichtete Stellung   mant mandrin se trouve
dans la position fer- bewegbar ist.
mee a joint etanche et que le moyen formant piston se trouve dans sa
seconde position, de 4. Vorrichtung nach Anspruch 1., 2 oder 3, weiter
sorte que le moyen formant mandrin peut 8tre gekennzeichnet durch Mittel
(231) zur Verhin-   5  amene de la position ferm6e a joint 6tanche a derung
von CbermaBigem Zug, die eine Ver-          la position de bipasse par
deplacement du stellung der Dornmittel verhindern, bis eine       moyen
formant piston de la seconde position a vorgegebene Kraft Uberwunden ist.
Ia premibre position. 5. Vorrichtung nach Anspruch 4, dadurch gekenn-  io
2. Appareil selon la revendication 1, comprenant zeichnet, daS die
Ubermafigen Zug verhin-          en outre des moyens de relachement (188,
dernden Mittel eine Differenzflache an den         190) servant a degager
ce moyen de verrouil- Dornmitteln bilden, die auf einer Seite dem
lage et a lib6rer le moyen formant mandrin Pumpdruck und auf der Gegenseite
dem               lorsqu'il se trouve dans la position de bipasse. Druck im
Bohrlochringraum ausgesetzt ist.  15 3  Appareil selon la revendication 1
ou 2, dans 6. Vorrichtung nach einem der AnsprUche 1 bis          lequel ce
moyen formant mandrin peut 8tre 5, ferner gekennzeichnet durch Druckaus-
amend de la position de bipasse a la position gleichsmittel (162, 300) zum
Ausgleich des         de fermeture a joint etanche en r6ponse a une Drucks
zwischen den Gehausemitteln und den   20    pression differentielle entre
la pompe et l'annu- Kolbenmitteln zur Minimierung der nach unten
laire du puits qui agit de part et d'autre d'une gerichteten Kraft auf den
Packer.                  position du moyen formant mandrin. 7. Vorrichtung
nach einem der AnsprUche 1 bis      4. Appareil selon la revendication 1, 2
ou 3, corn- 6, weiter gekennzeichnet durch Rohrmittel (88)  25  prenant en
outre un moyen (231) de pr6ven- 



fir den lnnendurchfluB, die in den Gehausemit-     tion de la traction
excessive destin6 a emp8- teln angeordnet sind, derart, daB ein ringformi-
cher le moyen formant mandrin de se d6placer ger DurchfluBkanal (90)
zwischen den Gehau-        avant qu'une force pr6d6terminee n'ait ete sur-
semitteln und den Rohrmitteln bestimmt ist,        montee. einen
ringformigen, in dem DurchfluBkanal an-  3o geordneten Teil der
Kolbenmittel und Dommit-    5. Appareil selon la revendication 4, dans
lequel tel, die einen aligemein ringformigen, in dem       le moyen de
prevention de traction excessive Durchflulkanal angeordneten Dorn bilden.
est caract6rise par une surface differentielle pr6vue sur le moyen formant
mandrin, cette Revendications                                 35
surface 6tant expos6e a la pression de la pompe sur un cot6 et a la
pression de l'annu- 1. Appareil (10) bipasse de packer destin6 a 8tre
laire du puits sur le c8te oppos6. utilise dans un train d.essai (18)
comprenant une pompe (26) et un packer gonflable, cet      6. Appareil
selon une quelconque des revendica- appareil comprenant: un moyen formant
(50)  40     tions 1 A 5, comprenant en outre des moyent boltier
d6finissant une ouverture centrale (52)    (162, 300) d'6quilibrage de la
pression, servant qui le traverse; un moyen (56) formant piston      a
equilibrer la pression entre le moyen formant dispose mobile en translation
alternative dans     boftier et le moyen formant piston afin de cette
ouverture centrale du moyen formant boT-     r6duire a un minimum la force
descendante tier et pouvant se deplacer entre une premibre  45  exerc6e sur
le packer. position et une seconde position ; un moyen (54) formant mandrin
dispos6 dans l'ouverture   7. Appareil selon une quelconque des revendica-
centrale du moyen formant botier et pouvant        tions 1 a 6, comprenant
en outre un moyen prendre une position de bipasse pour 6tablir la    (88)
formant tube d'ecoulement interieur, dis- communication entre le packer et
un annulaire  so  pose dans le moyen formant bottier de manie- du puits et
pouvant prendre en outre une posi-     re qu'un passage d'ecoulement
annulaire (90) tion de fermeture 6tanche qui emp~che la           soit
defini entre le moyen formant boftier et le communication entre le packer
et l'anriulaire      moyen formant tube d'ecoulement ; dans le- du puits et
6tant caract6rise par des :moyens      quel le moyen formant piston possede
une *de verrouillage pivotants (168) en association   55  partie annulaire
disposee dans le passage fonctionnelle avec le moyen formant piston
d'coulement; et le moyen formant mandrin pour entrer en prise par
verrouillage avec le      6tant caract6rise par un mandrin de forme moyen
formant mandrin lorsque ce moyen for-        g6n6rale annulaire dispose
dans le passage 1 0    19                EP 0 271 297 B1
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