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longitudinally central opening therethrough and having a lower end adapted
for attachment to a This invention relates to a downhole pump for  lower
testing string portion, said outer case defin- inflating packers and, more
particularly, to a testing  ing inlet passageway means for providing commu-
apparatus with a single piston positive displace-   5   nication between
said central opening and a well ment diaphragm inflatable packer pump.
annulus; and outlet passageway means for provid- A known method of testing
a well formation is  ing communication between said central opening to
isolate the formation between a pair of inflatable  and said lower testing
string portion; an upper packers with a flow port therebetween adjacent the
mandrel comprising an upper end adapted for at- formation. The packers are
inflated by means of a   10  tachment to an upper testing string portion; a
lower pump in the testing string which pumps well an-    end rotatably
disposed in said central opening of nulus fluid or mud into the packers to
place them  said case such that a generally annular, downwar- in sealing
engagement with the well bore. A variety  dly opening piston chamber is
defined between of such pumps are available.                       said
upper mandrel and said case; and a cam on One type of downhole pump is
actuated by the   is  said lower end; a generally annular piston re-
vertical reciprocation of the tubing string connected  ciprocably disposed
in said piston chamber; a cam to the pump. Such a pump is disclosed in U.S.
follower on said piston and engageable with said patent no. 3,876,000 to
Nutter and U.S. patent no.  cam  for reciprocating said piston in said
piston 3,876,003 to Kisling, III. This method of reciproca-  chamber in
response to relative rotation between tion results in many operational
problems, and so   20  said upper mandrel- and said case to generate fluid
other pumps have been developed which are op-      movement within said
piston chamber; a lower erated by rotation of the tubing string relative to
the  mandrel disposed in said central opening below pump structure
connected thereto.                  said upper mandrel such that a
generally annular, One type of rotationally operated pump uses a   upwardly
opening pumping chamber is defined be- plurality of vertically
reciprocating pistons which   25  tween said lower mandrel and said case,
said fluid are driven by a cam structure. Inlet and outlet    movement
generated in said piston chamber gen- valves are positioned adjacent each
of the pistons.  erating a corresponding fluid movement in said Multiple
piston pumps are described in our U.S.    pumping chamber; said pumping
chamber being patents nos. 3,439,740 to Conover and 4,246,964 to  adjacent
said inlet and outlet passageway means, Brandell. These types of pumps
require precise   30  said lower mandrel having a fixed operating posi-
machining and assembly which makes them rather     tion with respect to
said case; an inlet valve dis- expensive and somewhat susceptible to damage
posed across said inlet passageway; and an outlet by impurities in the well
fluid. In particular, the  valve disposed across said outlet passageway;
valves for such pumps can become clogged. .        such that upward
movement of said piston results A simpler, sleeve-type pump piston is used
in  35  in fluid from said well annulus being drawn into the downhole pump
of Evans et al., U.S. patent no.  said pumping chamber across said inlet
valve and 3,926,254. This pump uses a plurality of sealing   downward
movement of said piston results in fluid rings of V-shaped cross section
for intake and     being discharged from  said pumping chamber exhaust
check valves. In the Evans et al. apparatus,  across said outlet valve to
said lower testing string as well as the other pumps described above, the
40  portion. pump piston is in direct contact with the well an-     We have
now devised a downhole pump which nulus fluid and, because of impurities in
the fluid,  uses the more simple sleeve-type pump piston this can result in
reduced service life of the pump  characterized in that an annular
diaphragm sealin- piston.                                            gly
disposed between said piston chamber and Most of the pumps of the prior art
include relief  45  said pumping chamber and preventing fluid com- valves
which relieve pressure from the pump to the  munication between a volume of
fluid filling said well annulus. A pump without a relief valve is
piston chamber and fluid in said pumping chamber; disclosed in our U.S.
patent no. 4,313,495 to Bran-  reciprocation of said piston causing a
correspond- dell. In this pump, a clutch is used which is dis-  ing
reciprocation of said diaphragm whereby said engaged when the pump pressure
reaches a pre-  50  diaphragm transmits fluid movement from said pis-
determined level, thus making the pump inoper-     ton chamber to said
pumping chamber; said pump ative. U.S. 4320800 discloses a first pump that
is  assembly further comprising pressure equalizing operated in response to
rotation of the pipe string  means for equalizing hydrostatic pressure of
fluid for inflating the lower packer element and a func-  in said piston
chamber with hydrostatic pressure of tionally separate second pump operated
in re-  55  fluid in said pumping chamber. sponse to vertical movement of
the pipe string for     The downhole inflatable packer pumps of the
inflating the upper packer element. The rotationally  present invention are
used as part of a testing operated pump comprises: an outer case defining a
string and to pump well annulus fluid for inflating 2    
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well formation to be tested.     valve means is bypassed and the pumping
cham- Preferably, the piston means is characterised   ber is in continuous
direct communication with the by a single, sleeve-type piston. The piston
cham-   lower tool string portion. When this occurs, opera- ber is
preferably sealingly separated from the well  tion of the pump can still
take place, although fluid annulus and pumping chamber and is filled with a
5   flow and compression cease. clean hydraulic lubricant eg. lubricating
oil which    The present invention preferably utilizes a provides
lubrication for the reciprocating piston and  pressure limiter which vents
around the outlet thereby promotes longer life for the pump ports.    check
valve to the packers at the lower end of the The piston means preferably
includes flow control   testing string rather than to the well annulus.
means for controlling fluid flow thereby and provid-  10  Among the
features of the present invention ing pressure equalisation across the
diaphragm      are the provision of piston means reciprocating in a when
the testing string is lowered into and raised  piston chamber sealingly
separated from a pump- out of the well.
ing chamber by a diaphragm means; the use of a It is also preferred to
provide back-up wiper   piston chamber filled with a lubricating fluid;
prefer- means on the piston means for allowing pumping   15  ably the
provision of inlet and outlet check valves action to continue even if
damage occurs to the     having resilient valve portions with annular lips
diaphragm while also wiping the piston means of     thereon sealingly
engaging separate surfaces of a abrasives. In such an occurrence, the pump
will be  pumping chamber when the valves are in closed directly pumping
well annulus fluid rather than re-  positions, the provision of pressure
equalizing ciprocating within the lubricating oil.        20   means for
equalizing the hydrostatic pressure of The pump further preferably
comprises inlet     fluid in a piston chamber of the pump with hydro- check
valve means for controlling flow of fluid     static pressure of fluid in a
sealingly separated through inlet passageway means from the well an-
pumping chamber of the pump, and preferably the nulus into the pumping
chamber, and outlet check    provision of pressure limiting means for
limiting the valve means for controlling fluid flow through outlet  25
pressure differential between a pumping chamber passageway means out of the
pumping chamber         in the pump and the well annulus to a predeter-
toward the lower testing string portion and packers.  mined level. The
inlet check valve means is preferably charac-      In order that the
invention may be more fully tersed by a check valve with a resilient valve
understood, embodiments thereof will now be de- portion having an annular
lip thereon sealingly en-  30  scribed, by way of example only, with
reference to gaged with a surface of the pumping chamber         the
accompanying drawings, wherein: when the inlet valve is in the closed
position. The   FIGS. 1 A-1 B show a downhole inflatable packer outlet
check valve means is preferably charac-        pump and testing apparatus
of the present in- terised by an outlet valve having a resilient valve
vention in position in a well bore for testing a portion with an annular
lip sealingly engaged with a   35  well formation. surface of the pumping
chamber when in a closed       FIGS. 2A-2F show a partial longitudinal
cross position.                                             section of the
downhole pump including pres- Simple inlet and outlet check valves with
resil-  sure limiter means. ient annular lips are preferred in the present
inven-  FIG. 3 is a 360- elevation of the pump cam. tion, because these are
not easily clogged or  40     FIG. 4 is a cross-sectional view of the pump
damaged by abrasives in the well fluid. These         piston taken along
lines 4-4 in FIG. 2C. valves are similar to valves in the Halliburton Omni
FIG. 5 is a cross section taken along lines 5-5 in RS Circulation Valve,
described in our co-pending     FIG. 4 and showing a visco-jet. U.S.
application  serial no. 797,375 (European        FIG. 6 is a
cross-sectional view of the pump specification 223552).
45     piston taken along lines 6-6 in FIG. 4 and show- Pressure equalizing
means are provided for        ing a one-way check valve. equalizing
hydrostatic pressure of fluid in the piston  FIG. 7 is an enlarged area of
a portion of FIG. chamber with hydrostatic pressure of fluid in the     2E
showing one embodiment of a pressure lim- pumping chamber. The pressure
equalizing means        iter. may include an equalizing piston reciprocably
dis-  50  FIG. 8 is a cross section of the pressure limiter posed in an
equalizing chamber defined between        body taken along lines 8-8 in
FIG. 7. the case means and the mandrel means.                 FIG. 9 is an
elevation of the pressure limiter Pressure limiting means are preferably
pro-        body as viewed from lines 9-9 in FIG. 8. vided to limit the
pressure differential between the   Referring now to the drawings, and more
par- pumping chamber and the well annulus to a pre-  55  ticularly to FIGS.
1A-1B, the present invention in- determined level. When the pressure
differential    cludes an inflatable packer pump, generally des- exceeds
this level, the pressure limiting means will  ignated by the numeral 10,
having a pressure lim- move to an open position in which the outlet check
iter means, generally designated by the numeral 3    
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of a testing string or tool 12.  torque mandrel 60. It will thus be seen
that relative Testing string 12 is shown in position in a well bore
longitudinal movement between upper adapter 14 for use in testing a well
formation 16.        means 42 and upper mandrel means 58 is possible
Testing apparatus 12 is attached to the lower  while relative rotation
therebetween is prevented by end of a tool string 18 and includes a
reversing sub   5   the mutual engagement of spline portions 68 and 20, a
testing valve 22 such as the Halliburton   70. Torque case 50 also has a
plurality of down- Hydrospring[err] tester, and an extension joint 24, all
wardly directed lugs 71 at the lower end thereof. of which are positioned
above pump 10.               The upper end of a floating piston mandrel 72
Disposed below pump 10 in testing apparatus   is threadingly engaged with
the lower end of torque 12 are a packer bypass 26, a string bypass 28, and
10  mandrel 60 at threaded connection 74. Sealing is a  safety  joint 30
such  as the Halliburton     provided between floating piston mandrel 72
and Hydroflate[err] safety joint.                        torque mandrel 60
by means of a seal 76. Floating An upper packer 32 is attached to the lower
piston mandrel 72 extends downwardly out of cen- end of safety joint 30 and
is disposed above forma-  tral opening 444 of upper adapter means 42 and
tion 16. A lower packer 34 is positioned below well  15  into central
opening 56 of case means 54. The formation 16. A porting sub 36
interconnects upper  upper end of floating piston mandrel 72 has an packer
32 and lower packer 34. An equalizing tube  outer surface 78 in close,
sliding relationship with and spacers (not shown) may also be used be-
bore 80 of the lower end of torque case 50. tween upper packer 32 and lower
packer 34 de-        At the upper end of case means 54 is a piston pending
upon the longitudinal separation required   20  cap 82 attached to a
floating piston case 84 at therebetween.
threaded connection 86. Piston cap 82 has a first Upper packer 32 and lower
packer 34 are        bore 88 in close spaced relationship with an outer
inflatable by pump 10 in a manner hereinafter     surface 90 of an
intermediate portion of floating described such that the packers may be
placed in  piston mandrel 72. A seal 92 is provided there- sealing
engagement with well bore 14, thus isolat-  25  between. Outwardly spaced
from outer surface 90 ing well formation 16 so that a testing operation  of
floating piston mandrel 72 is a second bore 94 may be carried out.
which is in communication with a transverse hole A gauge carrier 38 is
attached to the lower end  96 in piston cap 82. Piston cap 82 also has a of
lower packer 34 and includes a plurality of drag  plurality of upwardly
directed lugs 98 at the upper springs 40 which are adapted to engage well
bore  30  end thereof. Lugs 98 are dimensioned to be en- 14 and preventing
rotation of a portion of testing  gageable with lugs 71 on torque case 50
when apparatus 12 during inflation of upper packer 32  desired, as will be
discussed in more detail herein. and lower packer 34, as hereinafter
described.       Floating piston case 84 has an inner bore 100 Referring
now to FIGS. 2A-2F, the details of  which is outwardly spaced from outer
surface 90 of pump 10 are shown. Pump 10 generally includes   35  floating
piston mandrel 72 such that an annular upper adapter means 42 defining a
longitudinally  equalizing chamber 102 is defined therebetween. central
opening 444 therethrough. Upper adapter   Reciprocably disposed in
equalizing chamber 102 means 42 includes a top adapter 46 with an inter-
is an annular, floating equalizing piston 104. Piston nally threaded upper
end 48 adapted for attach-   rings 106 seal between equalizing piston 104
and ment to an upper portion of testing apparatus 12  40  bore 100 of
floating piston case 84, and piston above pump 10. Forming a lower part of
upper      rings 108 seal between the equalizing piston and adapter means
42 is a torque case 50 attached to  outer surface 90 of floating piston
mandrel 72. As a lower end of top adapter 46 at threaded connec-  shown in
FIG. 2B, an upper end 110 of equalizing tion 52.
piston 104 is engaged with a downwardly facing Pump 10 also includes outer
case means 54,  45  shoulder 112 on piston cap 82, thus defining an spaced
below upper adapter means 42, which de-    upwardmost position of the
equalizing piston. As fines a central opening 56 therethrough. An inner,
more fully described hereinafter, equalizing piston upper mandrel means 58
interconnects upper        104 is free to reciprocate in equalizing chamber
adapter means 42 and case means 54 and extends    102 as determined by the
differential pressure into central openings 444 and 56, respectively.  so
across the piston. Upper mandrel means 58 includes a torque
Floating piston case 84 has a transverse hole mandrel 60 having an outer
surface 62 slidingly   114 therein which is in communication with equaliz-
received in bore 64 of top adapter 46, and a seal  ing chamber 102.
Equalizing chamber 102 may be 66 provides sealing engagement therebetween.
filled with a lubricating oil through transverse hole Torque case 50 has an
internally splined por-  55  114. After filling with oil, hole 114 is
closed by plug tion 68 with an inwardly directed annular shoulder  116. 69
at the lower end thereof. Splined portion 68 is    The lower end of
floating piston mandrel 72 is engaged with an externally splined portion 70
on  attached to a bushing mandrel 118 at threaded 4    
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Sealing engagement is provided    a plurality of outer splines 176 which
engage inner between floating piston mandrel 72 and bushing    splines 178
in splined piston case 142. Thus, pump mandrel 118 by a seal 122.
piston 166 is prevented from relative rotation with The lower end of
floating piston case 84 de-   respect to splined piston case 142, while
relative fines a bore 124 with a shoulder 126 at the upper   5
longitudinal movement therebetween is permitted. end of the bore. Bore 124
is outwardly spaced        The lower end of splined piston case 142 is from
outer surface 128 of bushing mandrel 118     connected to the upper end of
a piston seal case such that a cavity is defined therebetween in which  180
at threaded connection 182. A seal 184 is is positioned an annular bushing
130. A set screw  provided therebetween. 132 is threadingly disposed in a
transverse hole  10  A pair of seals 186 and a wiper ring 188 are 134 in
floating piston case 84. Set screw 132     provided between piston seal
case 180 and outer lockingly engages a radially outer groove 136 in
surface 190 of pump piston 166. Another wiper ring bushing 130 for locking
the bushing in place with  192 is located between the inside of pump piston
respect to floating piston case 84. Upper mandrel  166 and outer surface
194 of pump cam 136. Seals means 58 is adapted for rotation within central
15  186 provide a sealing means between pump piston cavity 56 of case means
54, and it will be seen by  166 and piston seal case 180. Wiper rings 188
and those skilled in the art that bushing 130 provides  192 act as a
back-up for cleaning pump piston 166 radial support and alignment for upper
mandrel    of mud abrasives in the event of failure of dia- means 58.
phragm  226 hereinafter described. The primary Referring now also to FIG.
2C, the lower end of  20  function of wiper rings 188 and 192 is to clean
bushing mandrel 118 is connected to a pump cam    although some sealing
action may also occur. 136 at threaded connection 138. A seal 140 is
Positioned within case means 54 and below provided for sealing between
bushing mandrel 118  inner, upper mandrel means 58 is an inner, lower and
pump cam 136. The lower end of floating       mandrel means 196. Forming an
upper end of piston case 84 is attached to splined piston case   25  lower
mandrel means 196 is a diaphragm mandrel 142 at threaded connection 144. It
will be seen that  198. The upper end of diaphragm mandrel 198 is splined
piston case 142 covers set screw 132.     received within the lower end of
pump cam 136, A thrust bearing 146 is annularly disposed be-  and seals 200
are provided therebetween. As will tween outer surface 128 of bushing
mandrel 118    be hereinafter described, upper mandrel means 58 and bore
148 in splined piston case 142 and ion-  30  is rotatable with respect to
lower mandrel means gitudinally between a downwardly facing shoulder  196,
and thus pump cam  136 is rotatable with 150 on floating piston case 84 and
an upwardly    respect to diaphragm mandrel 198. facing shoulder 152 on
pump cam  136. Thrust         A substantially annular piston chamber 201 is
bearing 146 absorbs longitudinal loading between  generally defined between
pump cam 136 of upper upper mandrel means 58 and case means 54 while  35
mandrel means 58 and splined piston case 142 still allowing relative
rotation therebetween.    and piston seal case 180 of case means 54. Piston
Pump cam 136 has an intermediate substan-     chamber 201 includes a lower
portion 202 and an tially cylindrical outer surface 154 which defines a
upper portion 203. As will be hereinafter described. substantially annular
cam slot 156 therein. In the  pump piston 166 will longitudinally
reciprocate [err] view of outer surface 154 shown in FIG. 3, it  40  within
piston chamber 201 as upper mandrel will be seen that cam slot 156 has two
upper      means 58, and therefore pump cam 136, are rotat- portions 158
and 160 and two lower portions 162   ed. As shown in FIG. 2C, pump piston
166 is at the I            and 164.
uppermost point in its stroke in piston chamber Still referring also to
FIG. 2C, annularly dis-  201. 1            posed between pump cam 136 and
splined piston   45    At the lower end of piston chamber 201 and 3
case 142 is a piston means, preferably in the form  annularly positioned
between diaphragm mandrel of a single, sleeve-type pump piston 166. A cam
198 and piston seal case 180 is a diaphragm r             follower pin 168
with a cam roller 169 thereon is  clamp 204. The upper end of diaphragm
clamp 204 e             transversely positioned on pump piston 166 and   is
in contact with annular shoulder 206 in piston affixed thereto at threaded
connection 170. Cam   so  seal case 180. An outer seal 208 is positioned 3
follower pin 168 extends radially inwardly into cam  between diaphragm
clamp 204 and piston seal -             slot 156 on pump cam 136. Cam
roller 169 fits     case 180, and an inner seal 210 is positioned a
freely on cam follower pin 168 and is guided by   between diaphragm  clamp
204 and diaphragm e             cam slot 156. Cam roller 169 is shown in
various  mandrel 198. Diaphragm clamp 204 defines a plu- g
positions along cam slot 156 in FIG. 3. Seals 172   55  rality of
longitudinally disposed holes 212 thereth- provide sealing between pump cam
136 and inner    rough which form part of lower portion 202 of s
surface 174 of pump piston 166.                   piston chamber 201. d
The outer surface of pump piston 166 includes     A plurality of outer
splines 214 on piston man-    9                 EP 0 246 053 B1
10 



drel 198 are engaged by a plurality of inner splines  case 250 is connected
to an outer portion of the 216 on the inside of diaphragm clamp 204. Thus,
lower end of bottom pump breakoff 246 at threaded relative rotation between
diaphragm clamp 204 and  connection 252. The upper end of a check valve
diaphragm mandrel 198 is prevented.               holder 254 is connected
to an inner portion of the A diaphragm limiter 218 is connected to dia-   5
lower end of bottom pump breakoff 246 at threaded phragm mandrel 198 at
threaded connection 220.    connection 256. A seal 258 is disposed between
Diaphragm limiter 218 is positioned below, and    bottom pump breakoff 246
and check valve holder spaced from, diaphragm clamp 204.
254. Diaphragm limiter 218 has an annular, upper       The upper end of an
intake screen assembly shoulder 222, and diaphragm mandrel 198 has an  10
260 is attached to the lower end of check valve annular, upper shoulder 224
thereon spaced radi-  holder 254 at threaded connection 262. A seal 264
ally inwardly from shoulder 222 on the diaphragm  is disposed between
intake screen assembly 260 limiter. Shoulders 222 and 224 are preferably
sub-  and check valve holder 254. stantially aligned longitudinally, but
some misalign-  A lower end of diaphragm mandrel 198 is re- ment is
acceptable.                           15  ceived in an upper end of pump
mandrel 266. A An annular diaphragm 226 is longitudinally po-  seal 268
provides sealing engagement between sitioned between diaphragm clamp 204
and dia-     diaphragm mandrel- 198 and pump mandrel 266. phragm limiter
218. Diaphragm 226 has a beaded    An annular cavity 270 is thus defined
between outer edge 228 which is sealingly clamped be-     pump mandrel 266
and check valve holder 254. It tween diaphragm clamp 204 and shoulder 222
on   20  will be seen that cavity 270 is in communication diaphragm limiter
218. Similarly, diaphragm 226   with cavity 232 and thus forms a portion of
pump- has a beaded inner edge 230 which is sealingly    ing chamber 234.
clamped between diaphragm clamp 204 and shoul-        Referring now also to
FIG. 2E, it will be seen der 224 on diaphragm mandrel 198. Thus, cavity
that intake screen 260 includes an intake screen 232 below diaphragm 226 is
sealingly separated   25  272 annularly disposed around, and spaced
radially from piston chamber 202. Diaphragm 226 is prefer-  outwardly from,
a screen mandrel 274. Intake ably formed from a reinforced elastomeric
material.  screen 272 is fixedly attached to screen mandrel Cavity 232
forms an upper portion of a pumping    274 such as by upper weld 276 and
lower weld chamber, generally designated by the numeral 234.  278. A
transverse hole 235 through piston seal case  30  Intake screen assembly
260 is spaced radially 180 opens into lower portion 202 of piston chamber
inwardly from pressure limiter case 250 such that 201. Piston chamber 201
may be filled with a      an annular inlet chamber 280 is defined there-
lubricating oil through transverse hole 235. After  between. Pressure
limiter case 250 defines at least filling, hole 235 is closed with plug
236; A study of  one transverse hole 282 therethrough which pro- FIGS. 2B
and 2C will show that upper portion 203   35  vides communication between
inlet chamber 280 of piston chamber 201 is in communication with    and
well annulus 284 defined between well bore 14 equalizing chamber 102. Thus,
the entire annular  and testing string 12. Well annulus 284 is shown in
volume below equalizing piston 104 and above      FIGS. 1A and 1 B. Screen
mandrel 274 defines at diaphragm 226 is filled with oil.
least one transverse hole 286 therethrough and A lower end of piston seal
case 180 is con-  40  located inside intake screen 272. It will be seen
nected to an upper end of a splined upper pump    that hole 286 is in
communication with well annulus breakoff 237 at threaded connection 238.
Upper    fluid passing through intake screen 272. pump breakoff 237 thus
forms another portion of      As shown in FIG. 2D, inlet check valve means,
case means 54. A seal 240 is provided between     generally designated by
the numeral 288, is pro- piston seal case 180 and upper pump breakoff 237.
45  vided for allowing well annulus fluid passing Upper pump breakoff 237
has a plurality of     through hole 286 to enter pumping chamber 234
inwardly directed splines 242 which are engaged   when desired, in a manner
hereinafter described. by outwardly directed splines 244 on diaphragm
Inlet check valve means 288 preferably comprises mandrel 196. Thus,
relative rotation between dia-  a resilient valve portion 290 carried by a
valve phragm mandrel 196 and case means 54 is pre-  50  portion carrier
292. Valve portion 290 and valve vented. It will be seen that this prevents
relative  portion carrier 292 are annularly disposed between rotation
between lower mandrel means 196 and      intake screen assembly 260 and
pump mandrel case means 54.                                    266 and
longitudinally immediately below check Referring now to FIG. 2D, additional
compo-    valve holder 254. A seal 294 is provided between nents of case
means 54 and lower mandrel means  55  valve portion carrier 292 and sleeve
mandrel 274 of 196 are shown. Upper pump breakoff 237 is con-    screen
assembly 260. Valve portion 290 has a nected to bottom pump breakoff 246 at
threaded    resilient annular lip 296 having a radially outer connection
248. An upper end of a pressure limiter  surface 298 that is sealingly
engaged against radi- 6    11           EP 0266 053 B1                12 



ally inner surface 300 of screen mandrel 274. Valve  318 and annularly
between check valve seat 322 portion 290 is further configured such that an
an-  and lower check valve case 312. A seal 346 is nular space 302 is
defined between valve portion   provided between valve portion carrier 344
and 290 and screen mandrel 274. It will be seen that   check valve seat
322. Valve portion 342 includes a annular space 302 is in communication
with hole   5   resilient lip 348 having a radially inner surface 350 286
in screen mandrel 274 and thus in communica-   which sealingly engages a
radially outer surface tion with fluid in well annulus 284.
352 of check valve seat 322. Valve portion 342 and Referring again to FIG.
2E, the lower end of    check valve seat 322 are adapted to define an
pressure limiter case 250 is connected to a pres-  annular space 354 in
fluid communication with hole sure limiter body 304 at threaded connection
306.  10  336, and thus also forming a portion of pumping Pressure limiter
body 304 is a major component of  chamber 234. one embodiment of pressure
limiter means 11, as        Referring again to FIG. 2F, the lower end of
will be discussed in more detail hereinafter. An   lower check valve case
312 is connected to a lower upper portion 308 of pressure limiter body 304
adapter 356 at threaded connection 358, and a seal extends into the lower
end of screen mandrel 274   15  360 is provided therebetween. It will be
seen that of intake screen assembly 260. A seal 310 is       lower adapter
356 thus forms the lowermost portion positioned therebetween.
of case means 54. The lower end of pressure limiter body 304 is      A
lower end of pump mandrel 266 is received connected to a lower check valve
case 312 at        in an upper end of an adapter mandrel 362. A seal
threaded connection 314, and a seal 316 provides  20  364 is provided for
sealing engagement between sealing engagement therebetween. It will be seen
pump mandrel 266 and adapter mandrel 362. that pressure limiter body 304
and lower check     Adapter mandrel 362 and lower adapter 356 define valve
case 312 are additional components of case   an annular cavity 366
therebetween. Extending ra- means 54.
dially outwardly from the upper end of adapter Pump  mandrel 266  extends
longitudinally  25   mandrel 362 are a plurality of upper guide lugs 368
through pressure limiter body 304 and lower check  which are angularly
disposed from one another valve case 312, thus defining additional portions
of  such that gaps 370 are defined therebetween. Up- pumping chamber 234
between pump mandrel 266       per guide lugs 368 are in close spaced
relationship and case means 54. Adjacent pressure limiter body  to first
inner bore 372 of lower adapter 356 and 304 and spaced radially outwardly
from  pump   30  guide thereon. At the lower end of adapter mandrel mandrel
266 is a substantially annular check valve  362 are a plurality of lower
guide lugs 374 which retainer 318. A seal 320 is provided between check
are in close spaced relationship to second inner valve retainer 318 and an
intermediate portion of  bore 376 of lower adapter 356, and thus guide
pressure limiter body 304. A lower end of check    thereon. Lower guide
lugs 374 are angularly dis- valve retainer 318 is attached to a check valve
seat  35  placed from one another such that a plurality of 322 at threaded
connection 324, and a seal 326 is  gaps 378 are defined therebetween. It
will be seen provided therebetween. Check valve seat 322 has    that
because of gaps 370, annular cavity 366 forms an inner bore 328 with an
annular shoulder 330     a portion of discharge chamber 340. extending
radially inwardly therefrom. It will be      The lower end of adapter
mandrel 362 defines seen that a cavity 332 is defined between bore 328   40
an inner bore 380 and the lower end of lower of check valve set 322 and
pump mandrel 266.       adapter 356 has an externally threaded portion 382
Cavity 332 forms a lowermost part of pumping       which are adapted for
engagement with the portion chamber 234.
of testing apparatus 12 positioned below pump 10, Referring now also to
FIG. 2F, a seal 334 is   in a manner known in the art. This lower portion
of provided between check valve seat 322 and pump   45  testing apparatus
12 has an annular passageway mandrel 266 below shoulder 330. Check valve
seat   therethrough (not shown) in fluid communication 322 defines at least
one transverse hole 336 there-  with upper packer 32 and lower packer 34.
Be- through which is in communication with cavity 332.  cause of gaps 378,
it will be seen that this annular Outlet check valve means, generally
designat-   passageway is in fluid communication with dis- ed by the
numeral 338, is provided for controlling   50  charge chamber 340 in pump
10. flow of fluid out of pumping chamber 234 into          Referring now to
FIG. 4, a transverse cross annular outlet chamber 340 defined between case
section through the portion of pump piston 166 mandrel 54 and lower mandrel
means 196 gen-        which includes splines 176 is shown. Three an- erally
below pressure limiter means 11. Outlet     gularly disposed passageways
384, 386 and 388 check valve means 338 preferably includes a resil-  55
extend through pump piston 166. As shown in FIG. ient annular valve portion
342 carried by valve    2C, passageway 384 opens into inner surface 174
portion carrier 344. Valve portion carrier 344 is  of pump piston 166 at a
point below seals 172, disposed longitudinally below check valve retainer
even when the pump piston is at the uppermost 7    13                EP 0
266 053 B1                   14 



position. The other end of passageway 384 opens   therethrough  in
communication  with pumping into upper portion 203 of piston chamber 201
adja-  chamber 234. Hole 406 opens into a central cavity cent splines 176.
Passageways 386 and 388 are     408. similarly located.
From the outermost end of pressure limiter Extending angularly through a
lower end of   5   housing 400 a sleeve 410 extends radially inwardly pump
piston 160 are a plurality of bypass ports  into central cavity 408. Sleeve
410 defines a sub- 390. In the preferred embodiment, four such ports
stantially cylindrical piston bore 412 therethrough are used. However, it
is not intended that the    with an inwardly extending shoulder 414
adjacent invention be limited to this number. Each port 390  the outer end
of the piston bore. Reciprocably opens into inner surface 174 of pump
piston 166 at  10  disposed in piston bore 412 is a substantially cylin- a
point above wiper ring 192. The other end of    drical portion 416 of a
pressure limiter piston 418. each bypass port 390 opens into outer surface
190  Cylindrical portion 416 of pressure limiter piston of pump piston 166,
and thus into lower portion   418 slides within piston bore 412, and a seal
420 is 202 of piston chamber 201, at a point below wiper  provided
therebetween. ring 188, even when the pump piston is at the  is
Extending outwardly from cylindrical portion topmost position shown in FIG.
2C.                416 of pressure limiter piston 418 is a flange por- It
will thus be seen that a fluid path is defined  tion 422 which defines a
plurality of openings 424 through bypass ports 390, annularly between pump
therethrough. When pressure limiter piston 418 is piston 166 and pump cam
136, and through pas-    in the closed position shown in FIGS. 2E and 7,
sageways 384, 386 and 388 which provides inter-  20  flange portion 422 is
in sealing engagement with communication between lower portion 202 and up-
seat portion 404 of pressure limiter body 304 such per portion 203 of
piston chamber 201.            that hole 406 is closed. A spring 426 biases
pres- Obviously, if passageways 384, 386 and 388     sure limiter piston
418 to the closed position. were always open, reciprocation of pump piston
Referring now also to FIGS. 8 and 9, a bypass 166 would have no pumping
effect. Therefore, flow   25  passageway system through pressure limiter
body control means are provided in passageways 384,    304 is shown. In
FIGS. 8 and 9, pressure limiter 386 and 388 for controlling fluid flow
through this  housing 400, pressure limiter piston 418 and spring fluid
path. Referring now to FIGS. 5 and 6, the flow  426 are removed for
clarity. As already discussed, control means includes a visco-jet 392
disposed in  hole 406 through seat portion 404 of pressure passageway 388
and a one-way check valve 394   30  limiter body 304 is in communication
with pumping disposed in each of passageways 384 and 386.      chamber 234,
a portion of which is defined by the Visco-jet 392 is a highly restricted
orifice of a  annulus between central bore 428 in pressure lim- kind known
in the art which allows very retarded  iter body 304 and pump mandrel 266.
An offset fluid movement upwardly through passageway 388.   bore 430 is
provided longitudinally in pressure lim- Any fluid flow through visco-jet
392 is so small over  35  iter body 304 adjacent central bore 428 to insure
a a short period of time as to have a negligible effect  sufficiently large
cross-sectional area of pumping upon the efficiency of pump 10 when pump
piston   chamber 234 at the longitudinal area adjacent pres- 166 is
reciprocating during normal pumping. Check  sure limiter assembly 398.
valves 394 are also of a kind known in the art and   A pair of curvilinear
slots 432, best shown in allow fluid flow downwardly through passageways
40  FIG. 9, are defined in seat portion 404 of pressure 384 and 386 while
preventing upward fluid flow   limiter body 304. Each of slots 432 is in
commu- therethrough. The significance of visco-jet 392 and  nication with a
substantially transversely oriented check valves 394 on the operation of
pump 10 will  hole 434 extending angularly therefrom. A plug 436 be more
fully explained in the discussion of the  closes off the outer end of each
hole 434 and thus operation of the invention herein.           45  prevents
communication between holes 434 and Referring again to FIG. 2E, one
embodiment of  well annulus 284. Openings 424 in pressure limiter pressure
limiter means 11 is shown. In this em-   piston 418 and slots 432 in
pressure limiter body bodiment, pressure limiter body 304 has a trans-  304
are adapted to be at least partially aligned at verse cavity 396 in which
is disposed a pressure  all times so that constant fluid communication is
limiter assembly 398.                        50  provided between holes 434
and central cavity 408 Referring now also to the enlarged detail of  of
pressure limiter housing 400. FIG. 7, pressure limiter assembly 398
includes a     Intersecting each transverse hole 434 is a ion- pressure
limiter housing 400 which is fixed in trans-  gitudinally oriented hole 438
which extends upwar- verse cavity 396 by threaded connection 402. Pres-
dly from shoulder 440 in pressure limiter body 304. sure limiter housing
400 engages seat portion 404   55  Holes 434 are shown in hidden lines in
FIGS. 2E of pressure limiter body 304. Seat portion 404,   and 7. Holes 438
open into an upper portion 442 of which defines a radially inner boundary
of trans-  outlet chamber 340. Thus, it will be seen that verse cavity 396
defines a transverse hole 406    central cavity 408 of pressure limiter
housing 400 8    15                EP 0 266 053 B1                   16 



is in fluid communication with outlet chamber 340.  phragm 226. Diaphragm
226 will flex downwardly Further, when pressure limiter piston 418 is moved
in response to this fluid movement, and thus there radially outwardly from
seat portion 404 of pressure  will be a corresponding fluid movement
downwar- limiter body 304, pumping chamber 234 is also in  dly in pumping
chamber 234. Although piston fluid communication with outlet chamber 340,
and   5   chamber 201 and pumping chamber 234 are thus outlet check valve
means 338 is bypassed, as  sealingly separated by diaphragm 226, pumping
more fully described herein.                      action will occur in
pumping chamber 234 just as if pump piston 166 were in direct contact with
the Operation Of The Invention                       fluid therein.
Further, if diaphragm 226 is damaged 10  or leaks, wiper rings 188 and 192
act as backups Pumping chamber 201 and equalizing chamber    to the
diaphragm by wiping piston 166 and pump 102 below equalizing piston 104 are
precharged    cam 136 free of abrasives so that pump 10 will still with
lubricating oil through holes 235 and 114,   function. In such a case, the
lubricating fluid in respectively, as already described. As testing string
piston chamber 201 will be lost, and pump piston 12 is lowered into well
bore 14, equalizing piston   15  166 will be in contact with, and directly
pump 104 is preferably at the uppermost position in    against, well
annulus fluid from pumping chamber equalizing chamber 102, as shown in FIG.
28.      234 in a manner similar to pumps in the prior art. Testing string
12 is lowered until upper packer   As pump piston 166 moves upwardly in
piston 32 and lower packer 34 are properly positioned on  chamber 201,
one-way check valves 394 will allow opposite sides of formation 16. In this
position,  20  fluid in upper portion 203 of piston chamber 201 to upper
adapter means 42 is spaced above case       bypass downwardly therethrough
so that undesired means 54, as illustrated in FIGS. 2A and 28. In
pressure is not built up in upper portion 203 of the other words, splined
portion 70 of torque mandrel  piston chamber. Thus, pump piston 166 pumps
on 60 is in contact with shoulder 69 in torque case 50.  the down stroke
and bypasses on the top stroke of Drag springs 40 at the lower end of
testing   25  a reciprocation cycle. string 12 help centre the apparatus
and further      When pump piston 166 is moved upwardly prevent rotation of
the lower portion of testing  during a cycle, diaphragm 226 will
correspondingly string 12. Because case means 54 and lower man-   move
upwardly. This results in a lowering of pres- drel means 196 are attached
to the lower portion of  sure in pumping chamber 234 below the fluid pres-
testing string 12, and because the case means and   30  sure in well
annulus 284 which causes annular lip lower mandrel means are prevented from
mutual     296 of inlet check valve means 288 to deflect rotation by inner
spline 244 in splined upper pump  radially inwardly. Well annulus fluid
thus enters breakoff 237 and outer spline 244 on diaphragm    pumping
chamber 234 through hole 282, inlet mandrel 198, case means 54 and lower
mandrel      chamber 280, intake screen 272, hole 286 and means 196 are
also prevented from rotation by   35  annular space 302. At the same time,
fluid differen- drag springs 40. Thus, it will be seen that by    tial
pressure across outlet check valve means 338 rotation of tool string 18,
the upper portion of  keeps annular lip 348 thereof sealingly enclosed. In
testing string 12 including upper adapter means 42  other words, fluid only
enters pumping chamber and upper mandrel means 58 of pump 10 will
234 through inlet check valve means 288. rotate with respect to case means
54 and lower  40   On the down stroke of pump piston 166 in mandrel means
196 of pump 10.                     which diaphragm 226 is correspondingly
moved As lower mandrel means 58 is rotated, pump    downwardly, there is a
resulting increase in pres- cam 136 is rotated with respect to pump piston
sure in pumping chamber 234. This increased 166. Of course, rotation of
pump piston 166 is    pressure causes annular lip 296 of inlet check
prevented by the interaction of splines 176 on the   45  valve means 288 to
be sealingly closed, and an- pump piston with splines 178 in spline piston
case  nular lip 348 of outlet check valve means 338 is 142 of case means
54. As pump cam  136 is         opened by fluid flow from pumping chamber
234 rotated, cam roller 169 and cam follower pin 168  through hole 336 and
annular space 354 for dis- will be moved cyclically between upper portions
charge of the fluid from the pumping chamber into 158 and lower portions
160 of cam slot 156, result-  so  outlet chamber 340. ing in reciprocation
of pump piston 166 within       The continuous pumping action of pump
piston piston chamber 201. Because cam slot 156 has      166 and diaphragm
226 thus causes pumping of two upper portions 158 and two lower portions
160,  fluid from well annulus 284 into outlet chamber 340 pump piston 166
will be cycled twice for each     and from there downwardly through the
lower por- revolution of pump cam 136.                  55  tion of testing
string 12 to inflate upper packer 32 f              Downward movement of
piston 166 within pis-    and lower packer 34 into sealing engagement with
t            ton chamber 201 causes fluid movement in lower    well bore 14
adjacent well formation 16. portion 202 of piston chamber 201 against dia-
Once upper packer 32 and lower packer 34 are 9    17                 EP 0
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properly inflated, testing of fluids in well formation  has been typically
provided by relief valves which 16 may be carried out in a manner known in
the      bypass fluid directly from the pumping chamber to art. Such fluids
are carried upwardly through a     the well annulus. In the embodiment of
pressure central flow passageway in testing string 12 which  limiter means
11 disclosed herein, in which fluid is includes central opening 444 of pump
10 and pres-   5   bypassed directly between the pumping chamber sure
limiter means 11.                              and the outlet chamber, and
thus directly between When pump 10 is not in operation, such as       the
pumping chamber and the lower portion of when testing string 12 is lowered
into well bore 14  testing string 12, does not vent to well annulus 284. or
removed therefrom, a hydrostatic pressure dif-   This basically results in
a greatly increased volume ferential between pumping chamber 234 and piston
10  of pumping chamber 234. This greatly reduces the chamber 201 across
diaphragm 226 could cause a      compression ratio of the volume of a
stroke of rupture in the diaphragm. This is prevented by an   pump piston
166 to the volume of the pumping interaction between equalizing piston 104
in equal-  chamber. However, even if pressure limiter means izing chamber
102 and visco-jet 392 and check       11 becomes stuck in an open position,
packers 32 valves 394 in piston 166.                      is  and 34 will
remain inflated because the fluid from As already indicated, equalizing
piston 104 is  the pumping chamber is not bypassed directly to at the
uppermost point in equalizing chamber 102    the well annulus. In other
words, the pumping sys- as testing string 12 is lowered into well bore 14.
tern remains closed. The increased fluid pressure in well bore 14
In the embodiment of pressure limiter means causes a compression of the
lubricating oil in  20  11 shown in FIGS. 2E and 7-9, when the differential
equalizing chamber 102 and piston chamber 201.      pressure between outlet
chamber 340 and well As this occurs, equalizing piston 104 will move
annulus 284 exceeds a predetermined level, pres- downwardly in equalizing
chamber 102. Well an-      sure limiter piston 418 will be moved to an open
nulus fluid will enter the equalizing chamber above  position away from
seat portion 404 of pressure piston 104 through opening 96 in piston cap
82.  25  limiter body 304, thus opening hole 406 and pro- Because of check
valves 394, this increase in fluid  viding communication between pumping
chamber pressure in equalizing chamber 102, and thus up-    234 and outlet
chamber 340 through the fluid pas- per portion 203 of piston chamber 201
will be       sageway system hereinbefore described. As long communicated
to lower portion 202 of piston cham-   as fluid pressure in outlet chamber
340 is suffi- ber 201. Inlet check valve means 288 will open as   30
ciently greater than the fluid pressure in well an- necessary to equalize
the hydrostatic pressures in  nulus 284 to overcome the force of spring
426, pumping chamber 234 and well annulus 284. Thus,     pressure limiter
piston 418 will remain opened, hydrostatic pressures on each side of
diaphragm     effectively bypassing outlet check valve means 226 are
equalized.                                  338. A study of FIG. 7 will
show that this fluid As testing string 12 is raised to test a shallower  35
differential pressure acts across the area sealed by formation 16 or is
removed from well bore 14, the   seal 420 in piston bore 412 of pressure
limiter hydrostatic fluid pressure in pumping chamber 234,  housing 400.
When the force of the pressure dif- which will be basically well annulus
pressure, will  ferential across this area drops below the force of be
greater than the hydrostatic pressure in lower   spring 426, piston 418
will move to its closed portion 202 of piston chamber 201. Unless flow   40
position sealingly engaged against seat portion 404 control means is
provided for allowing some up-     of pressure limiter body 304, thus again
closing ward movement of fluid past pump piston 166,        pressure
limiter means 11. diaphragm  226 could be ruptured. Visco-jet 392
Once testing of fluids in well formation 16 is solves this problem  by
allowing retarded fluid     completed, upper packer 32 and lower packer 34
movement upwardly past piston 166 from lower  45  are deflated by actuating
packer bypass 226. Such portion 202 to upper portion 203 of piston chamber
a packer bypass 226 is described in co-pending 201. Equalizing piston 104
will respond accord-     application docket number 86.113A1, a copy of
ingly. Thus, hydrostatic fluid pressure is again    which is incorporated
herein by reference. Other equalized on both sides of diaphragm 226 which
methods of deflating packers 32 and 34 known in eliminates the possibility
of rupture. The amount of  so  the art may also be used, and pump 10 is not
fluid flow through visco-jet 392 will be so retarded  limited to any
particular deflating method. as to be basically negligible during the
relatively    When it is desired to have rotation below pump rapid movement
of pump piston 166 during opera-     10, such as to operate safety joint 30
in a situation tion of pump 10.                                    where
the tool string is stuck, tool string 18 may be During pumping operation,
it is desirable to  55  lowered until lugs 71 on torque case 50 of upper
limit the pressure output by pump 10 so that over-  adapter means 42 engage
lugs 98 on piston cap 82 inflation of upper packer 32 and lower packer 34
is  of case means 54. When lugs 71 and 98 are so prevented. In the prior
art, such pressure limitation  engaged, it will be seen that rotation of
tool string 10    19                EP 0 266 053 B1                     20 



18 and adapter means 42 will result in rotation of     between a volume of
fluid filling said piston case means 54 and the portion of testing string
12     chamber and fluid in said pumping chamber; below pump 10 and above
safety joint 30. The           reciprocation of said piston causing a
corre- torque applied by rotation in such a manner is         sponding
reciprocation of said diaphragm, generally sufficient to index safety joint
30 which is   5  whereby said diaphragm transmits fluid move- of a kind
known in the art.                            ment from said piston chamber
to said pump- ing chamber;. said pump assembly further Claims
comprising   pressure  equalizing   means (104,392,394) for equalizing
hydrostatic pres- 1. A downhole pump assembly comprising an   10
sure of fluid in said piston chamber with hydro- outer case (54) defining a
longitudinally central   static pressure of fluid in said pumping cham-
opening (56) therethrough and having a lower        ber. end adapted for
attachment to a lower testing string portion, said outer case defining
inlet  2. A pump assembly according to claim  1, passageway means
(282,280,286) for providing   75   wherein said inlet check valve means
com- communication between said central opening          prises a check
valve with a resilient valve and a well annulus; and outlet passageway
portion (290) having an annular lip (296) there- means (336,340) for
providing communication         on sealingly engaged with a surface (300)
of between said central opening and said lower         said pumping chamber
when said inlet valve is testing string portion; an upper mandrel (58)  20
in a closed position; and said outlet check comprising an upper end adapted
for attach-         valve means comprises a check valve having a ment to an
upper testing string portion; a lower    resilient valve portion (342) with
an annular lip end rotatably disposed in said central opening      (348)
sealingly engaged with a surface (352) of of said case such that a
generally annular,         said pumping chamber when in a closed posi-
downwardly opening piston chamber (201) is  25      tion. defined between
said upper mandrel and said case and a cam (136) on said lower end; a
3  A pump assembly according to claim 1 or 2, generally annular piston
(166) reciprocably dis-    further comprising bypass means (390,394) in
posed in said piston chamber; a cam follower        said piston for
bypassing fluid thereby as said (168) on said piston and engageable with
said  30   piston moves upwardly and preventing signifi- cam for
reciprocating said piston in said piston    cant flow of said fluid thereby
as said piston chamber in response to relative rotation be-        moves
downwardly during a pumping cycle. tween said upper mandrel and said case
to generate fluid movement within said piston      4. A pump assembly
according to claim 1,2 or 3, chamber; a lower mandrel (196) disposed in  35
further comprising back-up sealing means said central opening below said
upper mandrel       (188,192) on said piston. such that a generally
annular, upwardly open- f               ing pumping chamber (234) is
defined between    5. A pump assembly according to any of claims 1 said
lower mandrel and said case, said fluid       to 4, wherein said pressure
equalizing means movement generated in said piston chamber  40
comprises an equalizing chamber (102) de- generating a corresponding fluid
movement in        fined by said case and said upper mandrel, said pumping
chamber; said pumping chamber          said equalizing chamber having an
upper end being adjacent said inlet and outlet passage-       in
communication with said well annulus and a way means, said lower mandrel
having a fixed       lower end in communication with said piston operating
position with respect to said case; an   45  chamber; an  equalizing
piston  (104) re- inlet valve (288) disposed across said inlet
ciprocably disposed in said equalizing cham- f               passageway;
and an outlet valve (338) dis-          ber and movable in response to a
differential r               posed across said outlet passageway; such
pressure thereacross; and  sealing  means I                that upward
movement of said piston results in      (106,108) on said equalizing piston
for prevent- it              fluid from said well annulus being drawn into
so    ing communication between said upper and said pumping chamber across
said inlet valve       lower ends of said equalizing chamber. p     i
and downward movement of said piston results n                in fluid
being discharged from said pumping     6. A pump assembly according to any
of claims 1 e     {          chamber across said outlet valve to said lower
to 5, further comprising a viscojet (392) dis- 3r              testing
string portion; characterised by an an-  55  posed in said pump piston
(166) for allowing 2               nular diaphragm (226) sealingly disposed
be-        restricted flow of fluid from below said piston tween said
piston chamber and said pumping          to above said piston. chamber and
preventing fluid communication    19                 EP 0 266 053 B1
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case means 54 and the portion of testing string 12      chamber and fluid
in said pumping chamber; below pump 10 and above safety joint 30. The
reciprocation of said piston causing a corre- torque applied by rotation in
such a manner is          sponding  reciprocation of said diaphragm,
generally sufficient to index safety joint 30 which is   5  whereby said
diaphragm transmits fluid move- of a kind known in the art.
ment from said piston chamber to said pump- ing chamber; said pump assembly
further Claims                                                  comprising
pressure  equalizing   means (104,392,394) for equalizing hydrostatic pres-
1. A downhole pump assembly comprising an   10          sure of fluid in
said piston chamber with hydro- outer case (54) defining a longitudinally
central   static pressure of fluid in said pumping cham- opening (56)
therethrough and having a lower        ber. end adapted for attachment to a
lower testing string portion, said outer case defining inlet   2. A  pump
assembly according to claim  1, passageway means (282,280,286) for
providing   is   wherein said inlet check valve means com- communication
between said central opening          prises a check valve with a resilient
valve and a well annulus; and outlet passageway           portion (290)
having an annular lip (296) there- means (336,340) for providing
communication         on sealingly engaged with a surface (300) of between
said central opening and said lower         said pumping chamber when said
inlet valve is testing string portion; an upper mandrel (58)  20   in a
closed position; and said outlet check comprising an upper end adapted for
attach-         valve means comprises a check valve having a ment to an
upper testing string portion; a lower    resilient valve portion (342) with
an annular lip end rotatably disposed in said central opening      (348)
sealingly engaged with a surface (352) of of said case such that a
generally annular,         said pumping chamber when in a closed posi-
downwardly opening piston chamber (201) is  25      tion. defined between
said upper mandrel and said case and a cam (136) on said lower end; a
3. A pump assembly according to claim 1 or 2, generally annular piston
(166) reciprocably dis-    further comprising bypass means (390,394) in
posed in said piston chamber; a cam follower        said piston for
bypassing fluid thereby as said (168) on said piston and engageable with
said   30  piston moves upwardly and preventing signifi- cam for
reciprocating said piston in said piston    cant flow of said fluid thereby
as said piston chamber in response to relative rotation be-        moves
downwardly during a pumping cycle. tween said upper mandrel and said case
to generate fluid movement within said piston       4. A pump assembly
according to claim 1,2 or 3, chamber; a lower mandrel (196) disposed in  35
further comprising back-up sealing means said central opening below said
upper mandrel       (188,192) on said piston. such that a generally
annular, upwardly open- ing pumping chamber (234) is defined between     5.
A pump assembly according to any of claims 1 said lower mandrel and said
case, said fluid        to 4, wherein said pressure equalizing means
movement generated in said piston chamber   40      comprises an equalizing
chamber (102) de- generating a corresponding fluid movement in        fined
by said case and said upper mandrel, said pumping chamber; said pumping
chamber          said equalizing chamber having an upper end being adjacent
said inlet and outlet passage-       in communication with said well
annulus and a way means, said lower mandrel having a fixed        lower end
in communication with said piston operating position with respect to said
case; an   45  chamber; an  equalizing  piston  (104) re- inlet valve (288)
disposed across said inlet        ciprocably disposed in said equalizing
cham- passageway and an outlet valve (338) dis-          ber and movable in
response to a differential posed across said outlet passageway; such
pressure  thereacross; and  sealing  means that upward movement of said
piston results in      (106,108) on said equalizing piston for prevent-
fluid from said well annulus being drawn into  so   ing communication
between said upper and said pumping chamber across said inlet valve
lower ends of said equalizing chamber; and downward movement of said piston
results in fluid being discharged from said pumping      6. A pump assembly
according to any of claims 1 chamber across said outlet valve to said lower
to 5, further comprising a viscojet (392) dis- testing string portion;
characterised by an an-  ss  posed in said pump piston (166) for allowing
nular diaphragm (226) sealingly disposed be-        restricted flow of
fluid from below said piston tween said piston chamber and said pumping
to above said piston. chamber and preventing fluid communication 1 1    21
EP 0 266 053 B1                    22 7. A pump assembly according to any
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to 6, wherein said diaphragm includes an outer     eingerichtet ist, und
einem unteren Ende, das (228) and an inner (230) sealing portion  and
drehbar in der Mitteloffnung des Gehauses wherein said pump assembly
further corn-           angeordnet ist, derart, daB zwischen dem obe-
prises an annular body (204) defining a longitu-   5  ren Dorn und dem
Gehause eine aligemein dinal passageway therethrough and adapted
ringformige, sich nach unten offnende Kolben- for supporting said diaphragm
such that seal-      kammer (201) bestimmt ist; einen Mitnehmer ing
engagement is provided by said outer seal-     (136) an dem unteren Ende;
einen allgemein ing portion between said body (204) and said
ringf6rmigen Kolben (166), der hin- und herbe- case (54); and sealing
engagement is provided   10  weglich in der Kolbenkammer angeordnet ist: by
said inner sealing portion between said         Mitnehmer-Folgemittel (168)
an dem  Kolben body and said lower mandrel.                       zum
Eingriff mit dem Mitnehmer zur Hin- und Herbewegung des Kolbens in der
Kolbenkam- 8.  A pump assembly according to any of claims 1        mer beim
Ansprechen auf die gegenseitige to 7, further comprising pressure limiting
15    Verdrehung zwischen dem  oberen Dorn und means (11) for limiting a
pressure differential    dem Gehause, um eine Fluidbewegung inner- between
said pumping chamber and a well            halb der Kolbenkammer zu
erzeugen; einen annulus to a predetermined level when in an        unteren
Dorn (196), der gegenOber dem Ge- open position.
hMuse eine festgelegte Arbeitsstellung ein- 20      nimmt und in der
Mittel8ffnung unter dem obe- 9. A pump assembly according to claim 8,
further       ren Dorn angeordnet ist, derart, daB zwischen comprising
pressure limiting means (11) in         dem  unteren Dorn und dem  Gehause
eine communication with said pumping chamber for        allgemein
ringformige, sich nach oben Mffnen- venting said pumping chamber of said
lower         de Pumpkammer (234) bestimmt ist, wobei die testing string
portion when a differential be-  25  in der Kolbenkammer erzeugte
Fluidbewegung tween a fluid pressure in said outlet passage-     eine
entsprechende  Fluidbewegung  in der way adjacent said outlet valve and a
well an-      Pumpkammer erzeugt, die sich an den EinlaBt- nulus pressure
exceeds a predetermined level.      und  Auslahdurchgangsmitteln  befindet;
ein Ober den Einlal3durchgangsmitteln angeordne- 10. A pump assembly
according to any of claims 1   30  tes Einlatventil (288) und ein Ober den
AuslaB- to 8, which is connected to an inflatable packer
durchgangsmitteln angeordnetes Auslalventil and adapted for inflation
thereof into an inflated  (338) derart, daB eine Aufw~rtsbewegung des
position for engaging a well bore; and arranged    Kolbens ein Ansaugen von
Fluid aus dem so that said packer remains inflated even if
Bohrlochringraum Ober das Einlalventil in die said pressure limiting means
becomes stuck in  35  Pumpkammer und eine Abwdrtsbewegung des said open
position.                                Kolbens einen AusstoB von Fluid
aus der Pumpkammer Ober das Auslalventil in den 11. A  pump assembly
according to claim  8,            Unterteil des Prufstrangs ergibt, wherein
said pressure limiting means is in         dadurch gekennzeichnet, daB eine
ringformige communication with said pumping chamber  40        Membran
(226) abdichtend zwischen der Kol- between said inlet and outlet check
valve          benkammer und der Pumpkammer angeordnet means.
ist und eine Fluidverbindung zwischen einem Fluidvolumen, das die
Kolbenkammer fallt, und PatentansprUche
dem Fluid in der Pumpkammer verhindert, wo- 45      bei Hin- und
Herbewegung des Kolbens eine 1. Bohrloch-Pumpanordnung, enthaltend ein fu-
entsprechende Hin- und Herbewegung der Beres Gehause (54), das eine in
Lingsrichtung      Membran verursacht, wodurch die Membran durchgehende
Mittel6ffnung (56) bestimmt und       die Fluidbewegung von der
Kolbenkammer auf ein unteres Ende hat, das zur Anbringung am        die
Pumpkarnmer Obertrggt, und daB die Pum- Unterteil eines Prffstrangs
eingerichtet ist, und   50  panordnung ferner Druckausgleichsmittel (104,
welches AuBere Gehause Einlalldurchgangs-          392, 394) zum Ausgleich
des hydrostatischen mittel (282, 280, 286), die eine Verbindung
Fluiddrucks in der Kolbenkammer und des hy- zwischen der Mittel6ffnung und
einem Bohr-         drostatischen Fluiddrucks in der Pumpkammer
lochringraum   herstellen, und  AuslaBdurch-       aufweist. gangsmittel
(336, 340) bestimmt, die eine Ver-  55 bindung zwischen der Mitteldffnung
und dem      2. Pumpanordnung nach Anspruch 1, dadurch Unterteil des
Prffstrangs herstellen; einen obe-   gekennzeichnet, dal
EinlaBabsperrventilmittel ren Dorn (58) mit einem oberen Ende, das zur
ein Rfckschlagventil mit einem federnden Ven- 12 *   C   L   M   S   *
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tilteil (290) und einer daran befindlichen ring-  &  Pumpanordnung nach
einem der AnsprOche 1 , das            formigen Lippe (296) aufweisen, die
in SchlieB-     bis 7, ferner gekennzeichnet durch Druckbe- uses
stellung des Einlalventils einer Fliche (300)      grenzungsmittel (11) zur
Begrenzung  der obe-             der Pumpkammer abdichtend anliegt, und
daBi        Druckdifferenz zwischen  der Pumpkammer mein
Auslalabsperrventilmittel ein RUckschlagventil   5  und dem
Bohrlochringraum auf eine vorgege- ben-             mit einem federnden
Ventilteil (342) mit einer     bene Hohe in Offenstellung. imer    j
ringformigen Lippe (348) aufweisen, die in Tnein            Schlietstellung
elner Flache (352) der Pump-    9. Pumpanordnung nach Anspruch 8, weiter
ge- zrbe-            kammer abdichtend anliegt.
kennzeichnet durch  Druckbegrenzungsmittel t ist;
10      (11) in Verbindung mit der Pumpkammer zur lben         3.
Pumpanordnung nach Anspruch 1 oder 2, for-          Entlastung der
Pumpkammer des Unterteils und              ner gekennzeichnet durch
Umgehungsmittel           des Prufstrangs, wenn die Differenz zwischen cam-
(390, 394) in dem Kolben zum Umleiten von           dem Fluiddruck im
Auslaldurchgang am Aus- itige            Fluid, wenn sich der Kolben nach
oben be-          lalventil und dem Bohrlochringraumdruck eine und
wegt, und zur Verhinderung von signifikantem   75  vorgogebene HWhe
libersteigt. ner-             Strom des Fluids, wenn sich der Kolben wih-
inen             rend eines Pumpzyklus nach unten bewegt.        10.
Pumpanordnung nach einem der Anspriche 1 Ge-
bis 8, gekennzoichnet durch eine Verbindung ein-         4. Pumpanordnung
nach Anspruch 1, 2 oder 3,            zu einem aufblasbaren Packer zu
dessen Auf- )be-             welter gekennzeichnet durch Reservedichtmit-
20    blasen in eine aufgeblasene Stellung zur Anla- :hen             tel
(188, 192) an dem Kolben.                       ge an ein Bohrloch und eine
Anordnung derart, Dine
daB der Packer selbst dann aufgeblasen bleibt, ien-         5.
Pumpanordnung nach einem der AnsprOche 1             wenn die
Druckbegrenzungsmittel in der Offen- die              bis 4, dadurch
gekennzeichnet, daR die Druck-      stellung festgehalten werden. ung
ausgleichsmittel eine durch das Gehause und   26 der              den
oberen Dorn bestimmte Ausgleichskam-        11. Pumpanordnung nach Anspruch
8, dadurch 1aB-             mer (102) aufweisen, die ein oberes Endo hat,
gekennzeichnet, daB die Druckbegrenzungs- ein              das mit dem
Bohrlochringraum in Verbindung         mittel zwischen den EinlaB- und
AuslaBab- Ine-             steht, und ein unteres Ende, das mit der Kol-
sperrventilmitteln mit der Pumpkammer in Ver- lafi-            benkammer in
Verbindung steht, sowie einen   30     bindung stehen. ntil
Ausgleichskolben (104), der hin- und herbe- des              weglich in der
Ausgleichskammer angeordnet      Revendications tern             ist und
unter Ansprechen auf eine daran anlie- die              gende
Druckdifferenz beweglich ist, und Dicht-  1. Ensemble de pompe de fond de
trou compre- Jes              mittel (106, 108) an dem Ausgleichskolben,
die  35  nant un boatier ext6rieur (54) d6finissant une der
eine Verbindung zwischen den oberen und un-         ouverture centrale
longitudinale (56) qui le tra- ion              teren Enden der
Ausgleichskammer verhin-            verse et possedant une extremit6
inferieure dern.                                              adaptee pour
etre fix6e a une partie inf6rieure ige    i
de train d'essai, ledit boztter ext6rieur dMfinis- oi- t         6.
Pumpanordnung nach einem der Anspriche 1   40       sant des moyens formant
passage d'entr6e net              bis 5, weiterhin gekennzeichnet durch
einen         (282, 280, 286) servant a 6tablir la communica- am
viscojet (392) in dem Pumpkolben (166), der        tion entre ladite
ouverture centrale et un espa- ind              emen gedrosselten FluidfluB
von unterhalb des       ce annulaire du puits ; et des moyens de Vo-
Kolbens zu oberhalb des Kolbens gestattet.         passage de sortie (336,
340) servant a 6tablir ine
46      la communication entre ladite ouverture centra- ter           7.
Pumpanordnung nach einem der Anspriche 1            le et ladite partie
inferieure de train d'essai; un 'an               bis 6, dadurch
gekennzeichnet, daB die Mern-       mandrin superieur (58) comprenant une
extre- auf               bran einen aufleren (228) und einen inneren
mit6 superieure adaptee pour fitre fixee a une m-                Dichtteil
(230) enthalt, dae die Pumpanordnung     partie superieure de train
d'essai; une extre- )4.               weiterhin einen ringf6rmigen Kdrper
(204) auf-  so  mit6 inferieure disposee rotative dans ladite en
weist, der einen Lngsdurchgang bestimmt           ouverture centrale dudit
boitier de telle manie- lY-              und zur Abstutzung der Membran
eingerichtet        re qu'une chambre (201) de logement de pis- ier
ist, derart, daB durch das au~ere Dichtteil eine   ton de forme generale
annulaire, s'ouvrant vers abdichtende Anlage zwischen dem  Korper
le bas, soit definie entre ledit mandrin supe- (204) und dem Gehiuse (54)
und durch das  55       rieur et ledit botfier ; et une came (136) pr6vue
ch               innere Dichtteil eine abdichtende Anlage zwi-       sur
ladite extr6mit6 inferieure; un piston (166) tel               schen dem
Korper und dem unteren Dorn ge-          de forme g6nerale annulaire
dispose mobile n-    -           schaffen ist.
suivant un mouvement alternatif dans ladite I       I 1111111111111 11111
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chambre de logement du piston  une contre-          retour possedant une
partie 6lastique (290) de came (168) prevue sur ledit piston et qui peut
clapet qui presente elle-m8me une levre annu- cooperer avec ladite came
pour entraener ledit     laire (296) cooperant a joint etanche avec une
piston en mouvement alternatif dans ladite          surface (300) de ladite
chambre de pompage chambre de logement du piston en reponse a
lorsque ledit clapet d'entr6e est dans une posi- une rotation relative
entre ledit mandrin supe-     tion ferm6e ; et lesdits moyens formant
clapet rieur et ledit boftier pour engendrer un mouve-     anti-retour de
sortie comprennent un clapet ment de fluide dans ladite chamrbre de loge-
anti-retour poss6dant une partie elastique (342) ment du piston; un mandrin
inferieur (196)          de clapet munie d'une levre annulaire (348)
dispos6 dans ladite ouverture centrale au-des-  10  cooperant a joint
6tanche avec une surface sous dudit mandrin supdrieur de telle maniere
(352) de ladite chambre de pompage lorsqu'il qu'une chambre de pompage
(234), de forme           est dans une position fermee. generale annulaire,
s'ouvrant vers le haut, soit definie entre ledit mandrin inf6rieur et ledit
3. Ensemble de pompe selon la revendication 1 boftier, ledit mouvement de
fluide engendr6  iS     OU 2, comprenant en outre des moyens de dans ladite
chambre de logement de piston           derivation (390, 394) prevus dans
ledit piston engendrant un mouvement de fluide corres-           pour faire
passer le fluide en d6rivation par ce pondant dans ladite chambre de
pompage              piston lorsque ledit piston s'eleve et pour evi-
ladite chambre de pompage -tant adjacente          ter pratiquement tout
ecoulement dudit fluide -'          auxdits moyens de passage d'entree et
de   20       par ce piston lorsque le piston descend pen- sortie, ledit
mandrin inferieur ayant une posi-     dant un cycle de pompage. tion de
travail fixe par rapport audit boftier ; un clapet d'entree (288) dispose
en travers dudit  4. Ensemble de pompe salon la revendication 1, passage
d'entr6e  et un clapet de sortie (338)      2 ou 3, comprenant en outre des
moyens (188, dispos6 en travers dudit passage de sortie; de   26  192)
d'etancheite de report sur ledit piston. sorte que le mouvement ascendant
dudit pis- ton a pour effet que le fluide contenu dans     5. Ensemble de
pompe salon une quelconque ledit espace annulaire du puits est attire dans
des revendications 1 a 4, dans lequel lesdits ladite chambre de pompage en
passant par            moyens d'egalisation des pressions compren- ledit
clapet d'entree et qua le mouvement des-  30  nent une chambre 102
d'egalisation definie par cendant du piston a pour effet qua le fluide est
ledit boftier et ledit mandrin superieur, ladite refoule de ladite chambre
de pompage, par           chambre d'egalisation ayant une extr6mitd su-
ledit clapet de sortie, vers ladite partie inferieu-  p6rieure en
communication avec ledit espace re du train d'essai en passant par ledit
clapet     annulaire du puits et une extrsmitd inferieure de sortie,
caract6ris6 en ce qu'un diaphragme   3S  en communication avec ladite
chambre de lo- annulaire (226) dispos6 a joint etanche entre       gement
du piston; un piston (104) d'egalisa- ladite chambre de logement du piston
et ladite     tion dispos6 mobile suivant un mouvement al- chambre de
pompage et qui interdit le passa-        ternatif dans ladite chambre
d'6galisation et ge du fluide entre un volume de fluide qui          qui
peut se deplacer en r6ponse a une pres- remplit ladite chambre de logement
du piston   40   sion differentielle de part et d'autre de ce et le fluide
contenu dans ladite chambre de         piston ; et des moyens d'6tancheite
(106, 108) pompage; le deplacement alternatif dudit pis-       pr6vus sur
ledit piston d'egalisation pour em- ton provoquant un d6placement
alternatif cor-       pecher la communication entre lesdites extre-
respondant dudit diaphragme, de sorte que           mites superieure et
inf6rieure de ladite chain- ledit diaphragme transmet le mouvement du   45
bra d'6galisation. fluide de ladite chambre de logement du pis- ton a
ladite chambre de pompage; ledit en-      6. Ensemble de pompe selon une
quelconque semble de pompe comprenant en outre des             des
revendications 1 a 5, comprenant en outre moyens (104, 392, 394)
d'egalisation des pres-      un visco-jet (392) dispose dans ladite chambre
sions servant a rendre la pression hydrostati-  so  (166) de logement du
piston pour admettre un qua du fluide contenu dans ladite chambre de
6coulement etrangl6 du fluide d'au-dessous logement du piston egale a la
pression hydros-      dudit piston au-dessus dudit piston. tatique du
fluide contenu dans ladite chambre de pompage.
7. Ensemble de pompe selon une quelconque 55      des revendications 1 a 6,
dans lequel ledit 2. Ensemble de pompe selon la revendication 1,
diaphragme comprend une partie d'etancheite dans lequel lesdits moyens
formant clapet anti-     exterieure (228) et une partie d'etanch6ite int6-
retour d'entree comprennent un clapet anti-         rieure (230) et dans
lequel ledit ensemble de I  1111 JIlii  11 I               14 * C   L   M
S *    
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pompe comprend en outre un corps annulaire :nu-      (204) definissant un
passage longitudinal qui le une    t          traverse et adapte pour
supporter ledit diaph- age    I          ragme de telle maniere qu'une
cooperation a 0si-             joint Mtanche soit assuree par ladite partie
5 ipet    }         d'etancheite ext6rieure entre ledit corps (204) tpet
;         et ledit boltier (54); et une cooperation a joint ;42)
M etanche est assur6e par la partie d'6tancheit6 48)
int6rieure entre ledit corps et ledit mandrin ace    f          inferieur.
-0 8. Ensemble de pompe selon une quelconque des revendications 1 a 7,
comprenant en outre des moyens (11) de limitation de la pression de
servant a limiter la diff6rence de pression entre   is ton
ladite chambre de pompage et lespace annu- ce    *          laire du puits
a un niveau pr6d6termine lors- Dvi-              qu'ils sont dans une
position ouverte. ide en-           9. Ensemble de pompe selon la
revendication 8,  20 comprenant en outre des moyens (11) de limi- tatlon de
la pression en communication avec 1,    -ladite chambre de pompage pour
mettre ladite 88,    -          chambre de pompage de ladite partie
infdrieu- re du train d'essai a la ventilation lorsqu'une   25 difference
entre la pression de fluide r6gnant wue               dans ledit passage de
sortie & proximit6 dudit jits              clapet de sortie et une pression
de l'espace en-               annulaire du puits excede un niveau pred6ter-
par               mine.                                       30 jite su-
10. Ensemble de pompe selon une quelconque ace               des
revendications 1 a 8, qui est reli6 a un ure               packer gonflable
et adapt6 pour gonfler ce 10-              packer dans une position gonfl6e
dans laquelle  35 sa-              il s'appuie contre un puits de forage ;
et agen- al-              ce de maniere que ledit packer reste gonfle et
meme si lesdits moyens de limitation de la es-               pression
restent grippes dans ladite position ce               ouverte.
40 08) !M-           11. Ensemble de pompe selon la revendication 8, :re-
dans lequel lesdits moyens de limitation de la im-               pression
sont en communication avec ladite chambre de pompage entre lesdits moyens
4S formant clapet anti-retour d'entree et lesdits lue               moyens
formant clapet anti-retour de sortie. tre Dre un
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