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(54)  Coiled  tubing  inflatable  packer. 

(57)  A  packer  apparatus  has  a  housing  (34)  with 
inflation  passages  (200,218),  circulating  pas- 
sages  (196,330),  treating  fluid  passages  (214). 
and  equalizing  passages  (196,234)  defined  the- 
rein.  In  a  straddle  packer  embodiment,  upper 
(40)  and  lower  (42)  packers  are  mounted  on  the 
housing  on  opposite  sides  of  an  outlet  of  the 
treating  fluid  passage.  A  circulation  valve  (45) 
with  a  sliding  differential  pressure  actuated  val- 
ve  sleeve  is  disposed  below  the  packers.  An 
inner  mandrel  (36)  is  slidably  received  in  the 
central  opening  (141)  of  the  housing.  The  man- 
drel  has  a  mandrel  bore  and  has  upper  inflation 
and  circulating  ports,  lower  inflation  ports,  up- 
per  and  lower  equalizing  ports,  a  treating  port 
and  lower  circulating  ports,  all  of  which  com- 
municate  with  the  mandrel  bore.  The  valve 
sleeve  has  a  valve  port.  A  lug  and  endless  J-slot 
(172)  is  operably  associated  with  the  housing 
and  mandrel  for  controlling  a  telescoping  posi- 
tion  of  the  mandrel  relative  to  the  housing  in 
response  to  reciprocation  without  rotation  of 
the  mandrel  relative  to  the  housing.  The  man- 

Csl  drel  may  also  be  used  to  lock  the  valve  sleeve  in 
^   a  closed  position.  The  lug  and  J-slot  define  a 
fs.  repeatable  sequence  of  inflating  (of  deflating) 
00  position.  intermediate  position,  circulating 
*0  position,  treating  position,  equalizing  position, 
O  and  ready  position  wherein  the  tool  is  ready  to 
00  return  to  the  original  inflating  position  on  the 

next  telescoping  stroke  of  the  mandrel  within 
O  the  housing. 
Q_ 
LU 
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The  present  invention  relates  generally  to  a  pack- 
er  apparatus  for  isolating  a  zone  of  a  well  and  more 
particularly,  but  not  by  way  of  limitation,  to  a  packer 
apparatus  capable  of  being  lowered  through  a  pro- 
duction  tubing  on  coiled  tubing  while  circulating  fluid 
through  a  circulating  valve,  and  then  inflated  adjacent 
to  a  zone  of  a  production  casing  for  treatment  of  the 
zone  without  the  need  for  pulling  the  production  tub- 
ing  from  the  well.  Circulation  may  also  be  carried  out 
above  the  set  packer. 

During  the  life  of  an  oil  or  gas  well,  it  is  often  de- 
sirable  to  perform  treating  operations  on  some  sub- 
surface  zone  of  the  well.  The  cost  involved  in  per- 
forming  treating  operations  on  completed  wells  which 
require  the  removal  of  production  tubing  is  often  very 
high.  This  is  especially  true  when  a  well  is  located  in 
a  remote  area  such  as  the  North  Slope  of  Alaska 
where  a  rig  must  be  moved  back  over  the  well  in  order 
to  perform  operations.  Many  of  these  wells  located  on 
the  North  Slope  of  Alaska  are  equipped  with  large 
tubing  strings,  e.g.  4V2  inch  (11.4cm)  or  5V2  inch 
(14.0cm)  tubing,  production  packers  and  gas  lift 
valves.  This  high  workover  cost  creates  the  need  for 
tools  which  can  be  run  on  small  diametercoiled  tubing 
and  can  pass  through  production  tubing  and  other 
equipment  and  then  expand  out  to  seal  off  intervals 
inside  the  production  casing  for  treating  or  other  op- 
erations. 

The  prior  art  presently  includes  several  packer 
apparatus,  such  as  straddle  packers,  which  can  be 
utilized  in  the  general  manner  described  above.  Afirst 
such  device  is  being  marketed  by  Nowsco  Well  Ser- 
vice  Ltd.  of  Aberdeen,  Scotland,  as  described  in  an 
Ocean  Industry  article  dated  February,  1989,  entitled 
"Thru-Tubing  Straddle  Packer  Expands,  Seals  in 
Casing"  at  pages  44-45.  That  apparatus  is  lowered 
into  the  well  while  circulating  fluid  down  through  the 
coiled  tubing  and  out  a  dump  sub.  After  the  tool  is  lo- 
cated  at  the  appropriate  position  in  the  well,  the 
pumping  rate  down  the  coiled  tubing  is  increased  and 
the  dump  sub  closes,  thus  directing  fluid  to  the  pack- 
ers  to  inflate  the  packers.  Weight  is  then  set  down  on 
the  apparatus  to  close  the  inflation  ports  and  open 
the  treating  ports.  After  treatment  is  completed,  pick- 
ing  up  weight  reopens  the  packer  inflation  ports  and 
allows  the  packers  to  deflate.  The  tool  can  then  be  re- 
located  and  recycled  to  treat  another  zone. 

Another  inflatable  straddle  packer  is  marketed  by 
Tarn  International  of  Houston,  Texas,  as  disclosed  in 
the  Tarn  International  1980-1981  General  Catalog  un- 
der  the  heading  "Inflatable  Perforation  Wash  Tool". 
The  Tarn  International  inflatable  perforation  wash  tool 
can  be  run  on  coiled  tubing.  A  ball  is  dropped  to  seal 
the  mandrel  of  the  tool  prior  to  inflation  of  the  packers. 
Weight  is  then  set  down  on  the  tool  to  close  the  infla- 
tion  ports  and  open  the  circulating  or  treating  ports. 
After  treatment,  weight  is  picked  up  to  deflate  the 
packers  and  unseat  the  tool. 

U.  S.  Patent  No.  4,648,448  to  Sanford  et  al.,  and 
assigned  to  Tarn  International,  Inc.,  of  Houston, 
Texas,  discloses  another  straddle  packer  apparatus. 
The  apparatus  disclosed  in  the  '448  patent  utilizes  a 

5  lug  and  J-slot  structure  which  is  actuated  by  a  com- 
bination  of  reciprocation  and  rotation  of  a  rigid  tubing 
string  on  which  the  tool  is  lowered.  When  run  on  a  rig- 
id  tubing  string,  so  that  the  tool  can  be  rotated  to  ac- 
tuate  the  J-slot  mechanism,  it  does  not  appear  that 

10  this  apparatus  could  be  run  through  production  tubing 
and  set  in  production  casing  belowthe  production  tub- 
ing.  A  Tarn  International  advertising  brochure  entitled 
"Tam-J™  Inflatable  Workover/Testing  Packers  And 
Accessories  Ordering  Guide"  dated  January,  1986, 

15  indicates  at  page  5  thereof  under  the  heading  "Coil- 
Tubing  Operations"  that  smaller  diameter  Tam-J™ 
packers  can  be  utilized  on  continuous  coil  tubing  by 
removing  the  lugs  from  the  J-slot  mechanism  and  al- 
lowing  the  tool  to  be  set,  released  and  reset  with 

20  straight  up  and  down  movement  of  the  coil  tubing. 
Thus,  the  J-slot  mechanism  is  in  effect  eliminated 
from  this  straddle  packer  apparatus  when  it  is  utilized 
with  coil  tubing,  which  cannot  be  rotated. 

All  of  the  devices  discussed  above  which  are  de- 
25  signed  to  be  run  on  coiled  tubing  down  through  pro- 

duction  tubing  and  then  set  in  production  casing  are 
limited  in  their  operating  flexibility  since  they  only 
have  two  operating  positions  which  are  achieved  by 
either  setting  down  weight  or  picking  up  weight. 

30  These  tools  are  run  into  the  well  with  their  inflating 
ports  in  an  open  position,  and  after  being  located  at 
the  appropriate  elevation  in  the  well,  the  packers  are 
inflated  to  seal  them  against  the  casing.  Weight  is 
then  set  down  on  the  packers  to  close  the  inflation 

35  ports  and  open  a  treating  port  between  the  packers. 
Subsequently,  weight  is  picked  up  from  the  apparatus 
to  close  the  treating  ports  and  reopen  the  inflation 
ports  thus  allowing  the  packers  to  deflate. 

U.S.  Patent  No.  4,962,815  to  Schultz  et  al.,  as- 
40  signed  to  the  assignee  of  the  present  invention,  dis- 

closes  an  improved  straddle  packer  apparatus  de- 
signed  to  be  lowered  on  coiled  tubing  down  through 
production  tubing  and  then  set  in  production  casing 
located  below  the  production  tubing.  A  lug  and  end- 

45  less  J-slot  mechanism  in  this  packer  provides  more 
than  two  different  operating  positions  of  the  tool  in  re- 
sponse  to  simple  vertical  reciprocation  of  the  coiled 
tubing  without  rotation  thereof.  This  is  accomplished 
by  mounting  either  the  lug  or  the  J-slot  in  a  rotatable 

50  body  mounted  within  the  packer  apparatus.  Thus,  a 
simple  reciprocating  motion  without  rotation  of  the 
coiled  tubing  can  be  translated  into  a  multitude  of  op- 
erating  positions  of  the  tool  as  defined  by  the  pattern 
of  the  J-slot.  The  dropping  of  balls  is  not  necessary. 

55  One  particular  operating  position  in  the  straddle 
packer  of  Schultz  et  al.  is  an  equalizing  position.  In 
the  equalizing  position,  the  sealed  zone  of  the  well  lo- 
cated  between  the  inflated  packers  is  communicated 
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with  the  well  annulus  both  above  and  belowthe  pack- 
ers  so  as  to  equalize  pressures  across  the  packers 
prior  to  deflating  the  packers.  This  makes  it  much  eas- 
ier  to  release  the  packers,  and  prevents  damage  to 
the  packers,  thus  assuring  that  multiple  settings  of 
the  straddle  packer  apparatus  can  be  accomplished. 

The  inflatable  straddle  packer  of  the  '815  patent 
works  well,  but  in  some  cases  it  is  desirable  to  be  able 
to  circulate  or  spotf  luids  in  the  well  before  treating  the 
formation.  This  is  not  possible  with  this  prior  packer 
which  has  no  provisions  for  circulating  fluids.  The 
present  invention  solves  this  problem  by  improving 
the  '815  apparatus  to  include  a  circulation  valve  for 
circulating  fluids  as  the  packer  is  run  into  the  well  and 
also  providing  a  circulating  position  in  which  a  circu- 
lating  port  above  the  tool  is  opened  after  the  inflat- 
able  packing  elements  have  been  set.  The  circulating 
valve  may  also  act  as  a  fill-up  valve  when  the  packer 
is  run  into  the  well  without  a  check  valve  in  the  tubing 
string. 

There  is  also  a  problem  of  deflating  the  packer 
elements  of  such  inflatable  straddle  packers  when 
the  packer  is  run  in  a  tubing  string  which  has  a  check 
valve  above  the  packer.  In  the  present  invention,  the 
circulation  valve  allows  venting  of  fluid  to  the  well  an- 
nulus  so  the  packer  elements  will  deflate. 

According  to  the  present  invention,  there  is  pro- 
vided  a  packer  apparatus  which  comprises  a  housing 
having  a  central  housing  opening,  and  having  packer 
inflation  passage  means  defined  in  said  housing,  and 
having  a  treating  fluid  passage  defined  in  said  hous- 
ing  with  an  outlet  of  said  treating  fluid  passage  com- 
municating  with  an  exterior  of  said  housing;  a  packer 
mounted  on  said  housing  adjacent  to  said  outlet  of 
said  treating  fluid  passage,  said  packer  being  in  com- 
munication  with  said  packer  inflation  passage  means; 
an  inner  mandrel  slidably  received  in  said  central 
housing  opening,  said  mandrel  having  a  mandrel  bore 
and  having  an  inflation  port  means  and  a  treating  port 
means,  each  communicated  with  said  mandrel  bore; 
circulating  means  for  circulating  fluid  from  said  central 
housing  opening  through  said  housing  into  a  well  an- 
nulus;  and  lug  and  J-slot  means,  operably  associated 
with  said  housing  and  said  inner  mandrel,  for  control- 
ling  a  telescoping  position  of  said  mandrel  relative  to 
said  housing  in  response  to  telescoping  reciprocation 
without  rotation  of  said  mandrel  relative  to  said  hous- 
ing,  said  mandrel  being  movable  between  an  inflating 
position  wherein  said  inflation  port  means  of  said 
mandrel  is  communicated  with  said  inflation  passage 
means  of  said  housing  and  said  treating  port  means 
of  said  mandrel  is  isolated  from  said  treating  passage 
means  of  said  housing,  a  circulating  position  in  which 
said  circulating  means  is  open,  and  a  treating  position 
wherein  said  inflation  port  means  of  said  mandrel  is 
isolated  from  said  inflation  passage  means  of  said 
housing  and  said  treating  port  means  of  said  mandrel 
is  communicated  with  said  treating  fluid  passage  of 

said  housing. 
Many  of  the  components  of  inflatable  straddle 

packers  of  the  present  invention  can  be  substantially 
identical  to  those  shown  in  the  above  referenced  U.S. 

5  Patent  No.  4,962,815  to  Schultz  et  al.  Reference 
should  accordingly  be  made  to  U.S.  Patent  No. 
4,962,815. 

A  circulating  valve  is  included  in  the  present  in- 
vention  as  a  first  circulating  means  for  allowing  circu- 

10  lation  of  fluid  as  the  tool  is  run  into  the  well  bore.  The 
circulating  valve  is  closed  for  inflating  the  packer  ele- 
ment  or  elements  and  during  testing  and  equalizing 
operations.  Asecond  circulating  means  is  included  as 
an  integral  part  of  the  packer  for  allowing  circulation 

15  of  fluid  in  the  well  after  the  packer  elements  have 
been  set.  The  second  circulating  means  comprises  a 
circulation  position  added  to  the  J-slot  of  the  prior 
packer  and  is  resettable.  Setting  the  packer  in  any  of 
its  positions  is  carried  out  without  rotation  of  the 

20  coiled  tubing.  That  is,  as  with  the  earlier  packer,  the 
present  invention  may  be  operated  with  only  simple 
reciprocation. 

More  particularly,  the  first  circulating  means 
comprises  a  housing  defining  a  circulating  passage 

25  therethrough  and  a  valve  sleeve  slidably  disposed  in 
the  housing.  The  valve  sleeve  defines  a  valve  port 
therethrough  in  communication  with  the  circulating 
passage  when  the  valve  sleeve  is  in  an  open  position, 
thereby  allowing  circulation,  and  isolated  from  the 

30  valve  port  when  in  a  closed  position,  thereby  prevent- 
ing  circulation.  A  biasing  means,  such  as  a  spring,  is 
provided  for  biasing  the  sleeve  toward  the  open  pos- 
ition.  The  valve  sleeve  defines  a  differential  area 
thereon,  and  a  predetermined  fluid  flow  rate  through 

35  the  apparatus  results  in  sufficient  pressure  acting 
across  the  differential  area  to  move  the  valve  sleeve 
to  the  closed  position  for  inflation,  circulating  through 
the  second  circulating  means,  treating  and  equaliz- 
ing. 

40  A  means  is  provided  for  holding  or  locking  the 
valve  sleeve  in  the  closed  position  during  other  oper- 
ations  of  the  tool.  In  the  illustrated  embodiment,  this 
means  for  holding  is  characterized  by  a  radial  flange 
on  a  mandrel  of  the  inflatable  packer,  wherein  the 

45  flange  is  adapted  for  engaging  the  valve  sleeve  and 
holding  it  in  the  closed  position. 

The  second  circulating  means  is  characterized  by 
a  circulating  port  defined  in  the  mandrel  and  a  circu- 
lating  passage  defined  in  the  housing  of  the  inflatable 

so  packer.  The  circulating  port  and  circulating  passage 
are  in  communication  with  one  another  when  the 
mandrel  is  in  a  circulating  position  with  respect  to  the 
housing. 

Further,  the  packer  apparatus  comprises  a  hous- 
55  ing  having  a  central  opening,  and  having  packer  infla- 

tion  passage  means  defined  in  the  housing.  The 
housing  also  has  a  treating  fluid  passage  defined  in 
the  housing  with  an  outlet  of  the  treating  fluid  pas- 
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sage  communicating  with  an  exterior  of  the  housing. 
In  the  straddle  packer  embodiment,  upper  and 

lower  longitudinally  spaced  packer  elements  are 
mounted  on  the  housing  on  opposite  sides  of  the  out- 
let.  These  packer  elements  are  in  communication  with 
the  packer  inflation  passage  means.  However,  the  in- 
vention  is  not  intended  to  be  limited  to  a  straddle  pack- 
er,  and  a  single  packer  element  may  be  used. 

An  inner  mandrel  is  slidably  received  in  the  cen- 
tral  housing  opening,  and  the  mandrel  has  a  mandrel 
bore  having  an  inflation  port  means  and  a  treating 
port  means,  each  communicated  with  the  mandrel 
bore. 

The  housing  also  has  an  equalizing  passage 
means  defined  therein  communicated  with  an  exter- 
ior  of  the  housing  above  the  upper  packer  and  com- 
municated  with  the  housing  below  the  lower  packer. 
The  mandrel  has  equalizing  port  means  defined 
thereon  in  communication  with  the  mandrel  bore. 

A  lug  and  J-slot  means  is  operably  associated 
with  the  housing  and  the  inner  mandrel  for  controlling 
a  telescoping  position  of  the  mandrel  relative  to  the 
housing  in  response  to  telescoping  reciprocation 
without  rotation  of  the  mandrel  relative  to  the  housing. 
The  mandrel  is  movable  between  an  inflating  posi- 
tion,  an  intermediate  position,  a  circulating  position,  a 
treating  position,  an  equalizing  position,  and  a  ready 
position  wherein  the  mandrel  is  positioned  to  return  to 
the  inflating  position  so  that  the  cycle  can  be  repeat- 
ed  any  number  of  times. 

The  J-slot  is  preferably  defined  on  the  mandrel, 
and  the  lug  which  is  received  in  the  J-slot  is  preferably 
defined  on  a  rotating  body  mounted  in  the  housing  so 
as  to  permit  relative  rotational  motion  between  the  lug 
and  the  J-slot  about  a  longitudinal  axis  of  the  housing 
without  having  relative  rotational  movement  between 
the  mandrel  and  the  housing  itself. 

In  order  that  the  invention  may  be  more  fully  un- 
derstood,  reference  is  made  to  the  accompanying 
drawings,  wherein: 

FIG.  1  is  a  schematic  elevation  view  of  a  coiled 
tubing  packer  with  circulating  port  apparatus  of  the 
present  invention  being  lowered  into  place  adjacent  a 
subsurface  zone  of  a  production  well.  The  packer  ap- 
paratus  has  been  lowered  through  a  production  tub- 
ing  and  is  located  in  the  production  casing  below  the 
lower  end  of  the  production  tubing. 

FIG.  2  is  a  schematic  elevation  view  similar  to 
FIG.  1  ,  showing  the  packer  inflated  to  isolate  the  sub- 
surface  zone  of  the  well  which  is  to  be  treated. 

FIGS.  3A-3P  comprise  an  elevation  right  side 
only  sectioned  view  of  an  embodiment  of  packer  ap- 
paratus  of  the  present  invention.  The  apparatus  is  in 
an  inflating  position,  but  the  packers  have  not  yet 
been  inflated. 

FIG.  4  is  a  laid-out  view  of  an  embodiment  of  J- 
slot  showing  the  pattern  of  positions  of  the  lug  within 
the  J-slot. 

Referring  now  to  the  drawings,  and  particularly  to 
FIGS.  1  and  2,  the  packer  apparatus  is  thereshown 
in  a  schematic  elevation  view  in  place  in  a  well.  The 
embodiment  shown  is  a  straddle  packer  apparatus 

5  which  is  generally  designated  by  the  numeral  1  0.  The 
invention  is  not  intended  to  be  limited  to  a  straddle 
packer  embodiment,  however,  and  may  be  character- 
ized  as  an  apparatus  with  a  single  packer  element. 
The  packer  1  0  is  shown  in  FIG.  1  after  it  has  been  low- 

10  ered  into  a  well  generally  designated  by  the  numeral 
12.  The  well  12  includes  a  production  casing  14  ce- 
mented  in  place  within  a  bore  hole  16  by  cement  18. 
A  production  tubing  20  is  located  within  the  casing  14 
and  has  a  packer  22  sealing  the  annulus  between 

15  production  tubing  20  and  production  casing  14.  The 
production  tubing  has  a  lower  end  24.  As  is  apparent 
in  FIG.  1  ,  the  production  casing  14  extends  downward 
below  the  lower  end  24  of  production  tubing  20.  The 
well  12  intersects  a  subsurface  formation  26,  and  an 

20  interior  28  of  production  casing  14  is  communicated 
with  the  formation  26  through  a  plurality  of  perfora- 
tions  30. 

In  FIG.  1,  the  packer  apparatus  10  has  been  low- 
ered  on  a  length  of  coiled  tubing  32  into  position  ad- 

25  jacent  the  subsurface  formation  26.  The  "coiled  tub- 
ing"  32  is  a  relatively  flexible  tubing  which  can  be 
coiled  on  a  large  reel  and  brought  to  the  well  site, 
where  it  is  uncoiled  to  lower  tools  into  the  well  without 
the  use  of  a  rig. 

30  The  packer  apparatus  10  includes  a  housing  gen- 
erally  designated  by  the  numeral  34,  with  an  inner 
mandrel  36  slidably  received  in  the  housing.  A  con- 
necting  means  38  connects  the  upper  end  of  the  man- 
drel  36,  and  thus  connects  the  housing  34,  to  the 

35  coiled  tubing  32  and  communicates  the  inner  bore  of 
the  coiled  tubing  32  with  the  interiors  of  the  mandrel 
36  and  the  housing  34. 

Referring  also  to  FIG.  3A,  an  upper  adapter  39  is 
connected  to  the  upper  end  of  mandrel  36  at  a  thread- 

40  ed  connection  252.  Upper  adapter  39  has  a  threaded 
opening  41  adapted  for  connection  to  releasable  con- 
necting  means  38.  The  releasable  connecting  means 
38  can  be  of  any  one  of  many  available  designs.  Pre- 
ferably,  it  provides  a  means  for  releasing  the  connec- 

ts  tion  in  the  event  the  apparatus  10  gets  stuck  in  a  well, 
so  that  the  coiled  tubing  32  can  be  retrieved,  and  then 
a  fishing  line  or  the  like  can  be  utilized  to  attempt  to 
remove  the  stuck  apparatus  10.  The  releasable  con- 
necting  means  38  can  be  generally  referred  to  as  an 

so  upper  connecting  means  38  operably  associated  with 
both  the  mandrel  36  and  the  housing  34  for  connect- 
ing  the  housing  34  to  the  coiled  tubing  32  and  for  com- 
municating  an  interior  of  the  housing  34  and  of  the 
mandrel  36  with  the  bore  of  the  coiled  tubing  32.  Fur- 

55  thermore,  the  upper  adapter  39  and  threads  252  on 
the  upper  end  of  mandrel  36  can  themselves  be  gen- 
erally  referred  to  as  an  upper  connecting  means  for 
connecting  the  mandrel  36  and  the  housing  34  to  the 

5 
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tubing  string  32  and  for  communicating  the  interior  of 
the  housing  34  and  of  the  mandrel  36  with  the  bore 
of  tubing  string  32. 

In  the  illustrated  straddle  packer  embodiment, 
upper  and  lower  inflatable  packers  or  packer  ele- 
ments  40  and  42  are  mounted  on  the  housing  34.  As 
seen  in  FIG.  2,  the  upperand  lower  inflatable  packers 
40  and  42  can  be  inflated  to  seal  against  the  well  cas- 
ing  14  to  isolate  a  zone  44  of  the  well.  In  a  single  pack- 
er  element  embodiment,  only  inflatable  packer  40  is 
used  and  will  generally  be  disposed  above  formation 
26  of  the  well.  For  the  purposes  of  this  disclosure,  the 
straddle  packer  embodiment  will  be  discussed  primar- 
ily. 

At  the  lower  end  of  housing  34  is  a  circulating 
valve  45.  As  will  be  further  discussed  herein,  the  out- 
er  components  of  circulating  valve  45  form  a  portion 
of  housing  34.  Circulating  valve  45  also  allows  packer 
elements  40  and  42  to  be  deflated  and  therefore  may 
also  be  referred  to  as  a  deflation  valve  45. 

In  a  typical  well  for  which  the  straddle  packer  ap- 
paratus  10  has  been  designed,  such  as  many  of  the 
wells  encountered  on  the  North  Slope  of  Alaska,  the 
production  tubing  20  is  relatively  large  tubing,  typical- 
ly  either  four  and  one-half  or  five  and  one-half  inch 
nominal  diameter.  The  production  casing  14  will  typi- 
cally  be  seven  inch  nominal  diameter  casing. 

Straddle  packer  apparatus  10  can  be  run  down 
through  the  production  tubing  20  and  then  its  packers 
40  and  42  can  be  inflated  to  effectively  seal  against 
the  interior  28  of  production  casing  14. 

Turning  now  to  FIGS.  3A-3P,  the  details  of  con- 
struction  of  the  straddle  packer  apparatus  10  will  be 
described. 

The  housing  34  has  an  upper  end  46  and  a  lower 
end  48.  Housing  34  is  made  up  of  a  plurality  of  con- 
nected  segments  as  follows,  beginning  at  the  upper 
end  46  in  FIG.  3A. 

Housing  34  includes  an  upper  end  section  50, 
threadedly  connected  at  52  to  a  bearing  housing  sec- 
tion  54.  A  lower  end  of  bearing  housing  section  54  is 
threadedly  connected  at  56  to  a  splined  housing  sec- 
tion  58.  A  lower  end  of  splined  housing  section  58  is 
connected  at  threaded  connection  60  to  upper  equal- 
izing  housing  section  62. 

A  lower  end  of  upper  equalizing  housing  section 
62  is  connected  at  threaded  connection  64  to  an  up- 
per  inflation  housing  section  66.  A  lower  end  of  upper 
inflation  housing  section  66  is  connected  at  an  inter- 
nal  thread  68  to  an  upper  packer  housing  section  70. 

The  upper  packer  40  includes  an  elastomeric  in- 
flatable  element  72  having  an  annular  upper  packer 
ring  74  at  its  upper  end  which  is  threadedly  and  thus 
fixedly  connected  to  upper  inflation  housing  section 
66  at  threaded  connection  76.  At  its  lower  end,  the 
packer  40  has  a  lower  packer  ring  78  threadedly  con- 
nected  at  80  to  a  sliding  lower  packer  shoe  82.  Packer 
element  72,  upper  packer  ring  74  and  lower  packer 

ring  78  form  an  assembly  which  is  known  in  the  art 
and  available  from  an  outside  source.  The  exact  con- 
figuration  of  packer  element  72,  upper  packer  ring  74 
and  lower  packer  ring  78  may  vary  from  the  embodi- 

5  ment  illustrated. 
The  lower  packer  shoe  82  has  an  inside  bore  84 

closely  and  slidably  received  on  an  outer  cylindrical 
surface  86  of  upper  packer  housing  section  70  with  a 
sliding  O-ring  seal  88  provided  therebetween. 

10  Continuing  with  the  description  of  housing  34, 
the  lower  end  of  upper  packer  housing  section  70  is 
connected  at  threaded  connection  90  to  a  treating 
housing  section  92.  The  lower  end  of  treating  housing 
section  92  is  connected  at  threaded  connection  94  to 

15  an  extension  case  housing  section  96,  which  is  in  turn 
connected  at  threaded  connection  98  to  an  adapter 
housing  section  100.  The  adapter  housing  section 
1  00  is  connected  at  threaded  connection  1  02  to  a  low- 
er  inflation  housing  section  104,  which  is  in  turn  con- 

20  nected  at  internal  thread  1  06  to  a  lower  packer  hous- 
ing  section  108. 

The  lower  packer  42  includes  an  inflatable  ele- 
ment  110  having  an  upper  packer  ring  112  attached 
thereto  which  is  threadedly  and  fixedly  connected  at 

25  threaded  connection  114  to  the  lower  inflation  hous- 
ing  section  104.  The  inflatable  element  110  has  a  low- 
er  packer  ring  116  attached  thereto  which  is  thread- 
edly  connected  at  118  to  a  lower  annular  sliding  pack- 
er  shoe  120.  Packer  element  110,  upper  packer  ring 

30  112  and  lower  packer  ring  116  form  an  assembly  sub- 
stantially  identical  to  that  associated  with  upper  pack- 
er  40.  Thus,  packer  element  110,  upper  packer  ring 
112  and  lower  packer  ring  116  are  available  in  an  as- 
sembly  from  an  outside  source,  and  the  exact  conf  ig- 

35  uration  thereof  may  vary. 
Shoe  120  has  a  cylindrical  inner  bore  122  which 

is  closely  and  slidably  received  about  the  cylindrical 
outer  surface  124  of  lower  packer  housing  section 
108  with  a  sliding  O-ring  seal  126  being  provided 

40  therebetween. 
Continuing  with  the  description  of  housing  34, 

the  lower  packer  housing  section  108  has  its  lower 
end  threadedly  connected  at  128  to  a  lower  equaliz- 
ing  housing  section  130. 

45  It  should  be  noted  at  this  point  that  in  an  embodi- 
ment  of  packer  1  0  which  is  not  a  straddle  packer,  low- 
er  packer  42  may  be  omitted  from  the  apparatus,  with 
the  length  of  housing  42  and  mandrel  36  being  cor- 
respondingly  shortened.  Thus,  in  a  single  packer  em- 

50  bodiment,  the  apparatus  would  include  only  upper 
packer  40  in  addition  to  treating  housing  section  92 
and  extension  case  housing  section  96.  An  adapter 
housing  section,  similar  to  adapter  housing  section 
100,  would  also  be  used  and  would  be  threadingly 

55  connected  to  lower  equalizing  housing  section  130. 
The  exact  configuration  of  the  components  may  vary 
from  those  shown  from  the  straddle  packer  embodi- 
ment,  but  those  skilled  in  the  art  will  understand  that 

6 



g EP  0  589  687  A2 10 

the  apparatus  may  be  made  with  lower  packer  42 
omitted. 

Lower  equalizing  housing  section  130  is  thread- 
edly  connected  at  132  to  a  spring  housing  section 
134.  The  spring  housing  section  134  has  its  lower  end 
connected  at  threaded  connection  1  36  to  a  valve  con- 
nector  300  which  in  turn  is  connected  at  threaded 
connection  302  to  a  valve  adapter  section  304  of  cir- 
culation  valve  45.  The  valve  adapter  304  is  connected 
at  its  lower  end  to  a  valve  case  section  306  by  thread- 
ed  connection  308.  The  valve  case  306  has  its  lower 
end  connected  at  threaded  connection  31  0  to  bottom 
adapter  section  312. 

The  upper  end  section  50  of  housing  34  has  an 
inner  bore  140  which  defines  the  upper  end  of  a  cen- 
tral  housing  opening  generally  designated  as  141. 

The  inner  mandrel  36  is  slidably  received  within 
the  central  housing  opening  141.  Mandrel  36  has  an 
upperend  142  (see  FIG.  3A)  and  a  lowerend  144  (see 
FIG.  3P).  The  mandrel  36  is  made  up  of  several  inter- 
connected  segments  as  follows,  beginning  at  upper 
end  142.  Mandrel  36  includes  an  upper  mandrel  sec- 
tion  146,  the  upperend  of  which  is  connected  to  upper 
adapter  39  at  threaded  connection  252,  as  previously 
discussed.  The  lower  end  of  upper  mandrel  section 
146  is  threadedly  connected  at  148  to  a  splined  man- 
drel  coupling  150.  Splined  mandrel  coupling  150  in- 
cludes  a  plurality  of  radially  outward  extending 
splines  1  52  which  mesh  with  a  plurality  of  radially  in- 
wardly  extending  splines  154  of  splined  housing  sec- 
tion  58  so  as  to  prevent  rotational  motion  between 
mandrel  36  and  housing  34. 

Splined  mandrel  coupling  150  is  connected  at 
threaded  connection  156  to  an  intermediate  mandrel 
section  158,  which  in  turn  has  its  lowerend  threaded- 
ly  connected  at  160  to  a  replaceable  mandrel  exten- 
sion  coupling  162.  The  mandrel  extension  coupling 
1  62  is  connected  at  threaded  connection  1  64  to  a  low- 
er  mandrel  section  166  which  is  connected  at  thread- 
ed  connection  168  to  a  mandrel  connector  170.  Of 
course,  in  a  single  packer  embodiment,  lower  mandrel 
section  162  is  shorter. 

The  lower  end  of  mandrel  connector  170  is  at- 
tached  to  a  valve  mandrel  section  314  at  threaded 
connection  316.  The  lower  end  of  valve  mandrel  sec- 
tion  314  is  attached  at  threaded  connection  318  to  a 
bottom  plug  section  320. 

A  spring  biasing  means  171,  which  is  a  coiled 
compression  spring,  is  located  within  spring  housing 
section  134  and  held  between  the  mandrel  connector 
1  70  and  the  valve  connector  300  for  biasing  the  man- 
drel  36  telescopingly  outward,  i.e.,  upward  in  FIGS. 
3A-3P,  relative  to  the  housing  34. 

The  mandrel  36  telescopes  between  several  pos- 
itions  relative  to  the  housing  34.  This  telescoping 
movement  of  mandrel  36  relative  to  housing  34  is  con- 
trolled  by  a  lug  and  J-slot  means  generally  designated 
by  the  numeral  172  (see  FIGS.  3B  and  4)  which  is  op- 

erably  associated  with  the  housing  34  and  inner  man- 
drel  36  for  controlling  a  telescoping  position  of  the 
mandrel  36  relative  to  the  housing  34  in  response  to 
telescoping  reciprocation  without  rotation  of  the  man- 

5  drel  36  relative  to  the  housing  34.  The  lug  and  J-slot 
means  172  includes  a  J-slot  174  defined  in  the  upper 
mandrel  section  146,  and  includes  a  lug  176  carried 
by  the  housing  34  and  received  in  the  slot  174  to  de- 
fine  a  repeatable  pattern  of  telescopingly  reciprocat- 

10  ing  movement  of  the  mandrel  36  relative  to  the  hous- 
ing  34. 

The  lug  176  is  defined  on  a  rotating  body  178 
which  is  rotatingly  mounted  in  upper  and  lower  bear- 
ings  180  and  182  within  the  bearing  housing  section 

15  54  of  housing  34.  Thus,  as  the  mandrel  36  recipro- 
cates  relative  to  the  housing  34,  the  rotating  body  1  78 
and  its  attached  lug  1  76  can  freely  rotate  about  a  long- 
itudinal  axis  1  84  of  housing  34  without  having  relative 
rotational  motion  between  the  mandrel  36  and  hous- 

20  ing  34.  As  previously  indicated,  the  mandrel  36  and 
housing  34  are  splined  together  by  splines  152  and 
154,  thus  preventing  any  rotational  motion  between 
the  mandrel  36  and  housing  34.  Alubricating  passage 
181  is  defined  in  upper  housing  section  50  for  lubri- 

25  eating  bearings  180  and  182. 
The  spacing  between  upper  and  lower  packers 

40  and  42  in  the  straddle  packer  embodiment  is  de- 
fined  by  the  dimensions  of  the  housing  34  upon  which 
they  are  mounted.  This  spacing  can  be  adjusted  by 

30  removing  replaceable  mandrel  extension  coupling 
162  of  mandrel  36  and  the  replaceable  extension 
case  housing  section  96  of  housing  34  and  replacing 
them  with  analogous  items  of  different  lengths  with 
similar  upper  and  lower  end  connections. 

35  The  housing  34  has  a  plurality  of  passages  de- 
fined  therethrough,  and  the  mandrel  36  has  a  plural- 
ity  of  ports  defined  therethrough  communicating  with 
a  mandrel  bore  185.  The  various  operating  positions 
of  the  packer  apparatus  10,  as  defined  by  the  lug  and 

40  J-slot  means  172,  serve  to  appropriately  align  the  va- 
rious  ports  of  mandrel  36  with  the  various  passages 
of  housing  34  to  provide  the  desired  functions  from 
the  packer  apparatus  10.  These  various  ports  and 
passages  will  first  be  identified,  and  then  the  various 

45  operating  positions  of  the  packer  apparatus  1  0  can  be 
accurately  described. 

The  various  ports  in  the  mandrel  36  will  first  be 
described,  starting  from  its  upperend  142. 

The  intermediate  mandrel  section  158  has  a  plur- 
50  ality  of  upper  equalizing  and  circulating  ports  186 

(see  FIG.  3D)  defined  therethrough.  Ashort  distance 
below  the  upper  equalizing  and  circulating  ports  186, 
a  plurality  of  upper  inflation  ports  188  (see  FIG.  3D) 
are  found.  Near  the  lower  end  of  intermediate  man- 

55  drel  section  158,  a  plurality  of  treating  ports  190  (see 
FIG.  3G)  are  defined. 

The  lower  mandrel  section  166  includes  a  plural- 
ity  of  lower  inflation  ports  192  (see  FIG.  3H)  defined 

7 
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therethrough.  Near  the  lower  end  of  lower  mandrel 
section  166,  there  are  a  plurality  of  lower  equalizing 
ports  194  (see  FIG.  3J). 

The  upper  and  lower  equalizing  ports  186  and 
194  can  be  jointly  referred  to  as  an  equalizing  port 
means  186,  194.  The  upper  and  lower  inflation  ports 
188  and  192  can  be  jointly  referred  to  as  an  inflation 
port  means  188,  192. 

The  valve  mandrel  section  314  has  a  plurality  of 
upper  fluid  relief  ports  322  (see  FIG.  3M)  defined 
therethrough.  Below  upper  fluid  relief  ports  322,  a 
plurality  of  lower  circulating  ports  324  (see  FIG.  3N) 
are  defined  in  valve  mandrel  section  314.  Below  lower 
circulating  ports  324,  valve  mandrel  section  314  de- 
fines  a  plurality  of  lower  fluid  relief  ports  326  there- 
through  (see  FIG.  3N). 

Turning  now  to  the  various  passages  defined 
within  the  housing  34,  an  upper  equalizing  and  circu- 
lating  passage  196  (see  FIG.  3D)  is  defined  through 
upper  equalizing  housing  section  62  and  communi- 
cates  with  an  exterior  surface  198  of  the  housing  34 
above  upper  packer  40.  There  are  in  fact  a  plurality  of 
radially  oriented  upper  equalizing  passages  196 
spaced  around  the  circumference  of  upper  equalizing 
housing  section  62. 

The  upper  circulating  ports  186  and  upper  circu- 
lating  passages  196  can  be  jointly  referred  to  as  an 
upper  circulating  means  186,  196. 

An  upper  inflation  passage  200  (see  FIGS.  3D 
and  3E)  begins  with  an  annular  space  202  defined  be- 
tween  the  lowerend  of  upper  equalizing  housing  sec- 
tion  62  and  an  upward  facing  shoulder  203  of  upper 
inflation  housing  section  66.  Upper  inflation  passage 
200  continues  with  a  plurality  of  longitudinal  bores 
204,  only  one  of  which  is  visible  in  FIGS.  3D  and  3E, 
extending  to  the  lower  end  of  upper  inflation  housing 
section  66.  The  longitudinal  bores  204  communicate 
with  an  annular  space  206  defined  between  the  lower 
end  of  upper  inflation  housing  section  66  and  an  up- 
ward  facing  shoulder  208  of  upper  packer  ring  74  of 
upper  inflatable  packer  40.  The  upper  inflation  pas- 
sage  200  finally  includes  a  long  thin  annular  space 
210  defined  between  the  outer  surface  86  of  upper 
packer  housing  section  70  and  an  inside  diameter  212 
of  the  inflatable  element  72  of  upper  packer  40.  The 
lower  end  of  upper  inflation  passage  200  is  defined  by 
the  sliding  seal  88  which  seals  between  lower  packer 
shoe  82  and  upper  packer  housing  section  70. 

A  treating  fluid  passage  214  (see  FIG.  3G)  is  de- 
fined  as  a  substantially  radial  bore  through  the  wall  of 
treating  housing  section  92  and  has  an  outlet  216. 
There  are  in  fact  a  plurality  of  such  radially  extending 
treating  fluid  passages  214  distributed  around  the  cir- 
cumference  of  treating  housing  section  92. 

The  housing  34  also  has  a  lower  inflation  pas- 
sage  218  (see  FIG.  3H)  defined  therein.  Lower  infla- 
tion  passage  218  begins  with  an  annular  space  220 
defined  between  the  lower  end  of  adapter  housing 

section  100  and  an  upward  facing  shoulder  222  of 
lower  inflation  housing  section  104.  Lower  inflation 
passage  218  continues  with  a  plurality  of  longitudinal 
bores  224  extending  downward  through  lower  infla- 

5  tion  housing  section  104toalowerendthereofwhere 
they  are  communicated  with  an  annular  space  226 
which  in  turn  communicates  with  a  long  thin  annular 
space  228  defined  between  an  outer  surface  230  of 
lower  packer  housing  section  108,  and  an  inside  di- 

10  ameter  232  of  the  inflatable  element  110  of  lower 
packer  42.  The  lower  extremity  of  lower  inflation  pas- 
sage  218  is  defined  by  the  sliding  seal  126  which 
seals  between  lower  packer  shoe  120  and  the  lower 
packer  housing  section  108. 

15  The  lower  equalizing  housing  section  130  of 
housing  34  has  a  lower  equalizing  passage  234  (see 
FIG.  3J)  defined  therethrough.  There  are  in  fact  a 
plurality  of  such  lower  equalizing  passages  234 
spaced  around  the  circumference  of  the  lower  equal- 

20  izing  housing  section  130.  Passages  234  communi- 
cate  with  the  exterior  198  of  housing  34  below  lower 
packer  42. 

The  upper  inflation  passage  200  and  the  lower  in- 
flation  passage  21  8  can  be  jointly  referred  to  as  an  in- 

25  f  lation  passage  means  200,  21  8  defined  in  the  hous- 
ing  34. 

The  upper  equalizing  passages  196  and  the  low- 
er  equalizing  passages  234  can  be  jointly  referred  to 
as  an  equalizing  passage  means  196,  234  defined  in 

30  the  housing  34. 
Finally,  valve  case  section  306  of  housing  34  has 

a  plurality  of  lower  circulating  passages  330  (see  FIG. 
3N)  defined  therethrough.  Lower  circulating  passag- 
es  330  communicate  with  the  exterior  198  of  housing 

35  34. 
Referring  now  to  FIGS.  3M-3P,  additional  details 

of  circulation  valve  45  will  be  discussed.  Valve  adap- 
ter  304  has  a  bore  332  therein,  and  valve  case  306 
has  a  coaxial  bore  334  therein  which  is  somewhat 

40  smaller  than  bore  332.  A  valve  sleeve  336  is  slidably 
disposed  in  valve  adapter  304  and  valve  case  306. 
The  upper  end  of  valve  sleeve  336  has  a  first  outer 
surface  338  which  is  adapted  for  sliding  within  bore 
332  in  valve  adapter  304.  An  upper  seal  340  provides 

45  sealing  between  the  upper  end  of  valve  sleeve  336 
and  valve  adapter  304.  Valve  sleeve  336  also  has  a 
second  outer  surface  342  which  is  smaller  than  first 
outer  surface  338.  Second  outer  surface  342  is 
adapted  to  slide  within  bore  334  in  valve  case  306.  A 

so  lower  seal  343  is  provided  for  sealing  between  valve 
sleeve  336  and  valve  case  306  below  lower  circulat- 
ing  passage  330. 

At  the  upper  end  of  bore  334  in  valve  case  306, 
a  counterbore  344  is  defined  and  is  in  communication 

55  with  lower  circulating  passage  330.  At  the  lower  end 
of  counterbore  344  is  a  chamfer  346. 

Valve  sleeve  336  defines  a  plurality  of  valve  ports 
348  therethrough  which  are  initially  generally  longitu- 

8 
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dinally  aligned  with  lower  circulating  passages  330  in 
valve  case  306  and  are  initially  in  communication  with 
bore  185  in  mandrel  36  through  lower  circulating 
ports  324.  Above  valve  ports  348,  valve  sleeve  336 
carries  an  intermediate  seal  350.  Initially,  intermedi- 
ate  seal  350  is  not  engaged  with  valve  case  306. 

The  lower  circulating  passages  330,  the  valve 
ports  348  and  the  lower  circulating  ports  324  can  be 
jointly  referred  to  as  a  lower  circulating  means  324, 
348,  330. 

Upward  movement  of  valve  sleeve  336  is  limited 
by  engagement  of  upper  end  352  of  the  valve  sleeve 
with  a  shoulder  354  in  valve  adapter  304. 

A  valve  spring  356  is  disposed  in  valve  case  306 
between  lower  end  358  of  valve  sleeve  336  and  a 
shoulder  360  in  valve  case  306.  Spring  356  acts  as  a 
biasing  means  for  biasing  valve  sleeve  336  upwardly 
toward  shoulder  354  in  valve  adapter  304. 

A  radially  outwardly  extending  flange  362  (see 
FIG.  3M)  is  formed  on  valve  mandrel  section  314. 
Flange  362  is  disposed  above  upper  end  352  of  valve 
sleeve  336  and  below  upper  fluid  relief  ports  322  in 
valve  mandrel  314.  It  will  be  seen  that  as  valve  man- 
drel  314  is  moved  downwardly,  it  will  engage  upper 
end  352  of  valve  sleeve  336  to  displace  the  valve 
sleeve  downwardly. 

The  straddle  packer  apparatus  10  as  shown  in 
FIGS.  3A-3P  is  shown  in  a  first  circulating  position 
wherein  fluid  may  be  circulated  through  circulating 
means  324,  348,  330.  That  is,  valve  sleeve  336  in  cir- 
culation  valve  45  is  in  an  open  position.  This  same 
position  is  also  used  when  deflating  packers  40  and 
42,  as  will  be  further  described  herein.  Therefore, 
FIGS.  3A-3P  also  illustrate  a  deflating  position.  As  will 
also  be  described  herein,  when  circulation  valve  45  is 
closed,  with  all  of  the  other  components  of  straddle 
packer  apparatus  10  in  the  position  shown  in  FIGS. 
3A-3P,  this  corresponds  to  an  inflating  position  of  the 
packer  apparatus.  In  other  words,  with  the  exception 
of  the  position  of  valve  sleeve  336,  FIGS.  3A-3P  also 
illustrate  the  components  of  packer  10  in  the  inflating 
position.  Therefore,  FIGS.  3A-3P  may  be  referred  to 
herein  as  referring  to  a  first  circulating  position,  inflat- 
ing  position,  circulating/inflating  position,  or  deflating 
position. 

In  the  inflating  position,  the  upper  and  lower  in- 
flation  ports  188  and  192  of  mandrel  36  are  commu- 
nicated  with  the  upper  and  lower  inflation  passages 
200  and  218  of  housing  34,  so  that  inflation  fluid  can 
be  pumped  down  through  the  coiled  tubing  32,  and 
through  the  mandrel  bore  185  then  through  the  infla- 
tion  ports  188  and  192  and  through  the  inflation  pas- 
sages  200  and  218  to  inflate  the  packers  40  and  42 
as  schematically  illustrated  in  FIG.  2. 

In  the  inflating  position  of  the  packer  apparatus 
1  0  as  shown  in  FIGS.  3A-3P,  the  treating  ports  1  90  of 
mandrel  36  are  isolated  from  the  treating  fluid  pas- 
sages  214  of  housing  34  by  0-rings  236  and  238. 

Also,  in  the  inflating  position,  the  upper  equaliz- 
ing  passages  196  are  isolated  from  the  upper  equal- 
izing  ports  186  by  0-rings  240,  242  and  244  and  the 
lower  equalizing  passages  234  are  isolated  from  the 

5  lower  equalizing  ports  194  by  O-rings  245  and  247. 
The  circulating/inflating  position  of  straddle  pack- 

er  apparatus  10  is  defined  by  the  lug  and  J-slot 
means  172  by  position  176Aof  lug  176  seen  in  FIG. 
4.  In  this  position,  the  mandrel  36  is  in  its  telescoping- 

10  ly  extendedmost  position  relative  to  housing  34,  which 
is  maintained  by  the  biasing  force  of  spring  1  71  as  the 
apparatus  10  is  run  into  the  well  12,  to  prevent  pre- 
mature  telescoping  collapse  of  the  mandrel  36  within 
the  housing  34. 

15 
Operation  Of  The  Invention 

The  packer  apparatus  10  is  run  into  the  well  12 
in  the  circulating/inflating  position  of  FIGS.  3A-3P.  As 

20  packer  apparatus  10  is  run  into  the  well  12,  fluid  may 
be  circulated  down  bore  1  85  of  mandrel  36  and  out 
lower  circulating  ports  324,  valve  ports  348  and  lower 
circulating  passages  330  into  the  well  annulus.  Thus, 
circulating  means  324,  348,  330  allows  circulating  of 

25  fluid  through  packer  apparatus  10  as  it  is  being  posi- 
tioned  in  the  well  12. 

After  the  apparatus  10  has  been  positioned  as  il- 
lustrated  in  FIG.  1,  inflation  fluid  is  pumped  down  the 
coiled  tubing  32  to  close  circulation  valve  45  and  in- 

30  flate  the  packers  40  and  42  as  shown  in  FIG.  2.  Fluid 
pumped  down  the  coiled  tubing  32  into  straddle  pack- 
er  apparatus  10  will  initially  flow  through  lower  circu- 
lating  means  324,  348,  330  into  the  well  annulus. 
However,  as  more  fluid  is  pumped,  pressure  differen- 

35  tial  acting  against  the  differential  area  between  first 
outer  surface  338  and  second  outer  surface  342  on 
valve  sleeve  336  will  cause  the  valve  sleeve  to  be 
moved  downwardly,  overcoming  the  force  of  valve 
spring  356  and  compressing  it.  That  is,  the  differential 

40  pressure  used  to  close  circulation  valve  45  is  created 
by  the  fluid  flow  rate  through  the  restriction  of  lower 
circulating  means  324,  348,  330.  As  the  valve  sleeve 
336  moves  downwardly,  fluid  below  it  is  at  least  par- 
tially  displaced  through  lowerfluid  relief  ports  326,  so 

45  that  there  can  be  no  pressure  buildup. 
Counterbore  344  is  larger  than  the  outside  diam- 

eter  of  intermediate  seal  350,  so  the  intermediate 
seal  will  not  sealingly  engage  the  counterbore.  Inter- 
mediate  seal  350  will  come  in  contact  with  chamfer 

so  346  and  be  gradually  brought  into  sealing  contact  with 
bore  334  in  valve  case  306,  thus  isolating  valve  ports 
348  from  lower  circulating  passages  330.  In  this  pos- 
ition,  circulation  valve  45  is  closed.  Thereafter,  infla- 
tion  fluid  pumped  down  the  coiled  tubing  32  will  cause 

55  packers  40  and  42  to  be  inflated.  Once  the  packers 
40  and  42  are  inflated,  the  housing  34  is  anchored  in 
place  relative  to  the  well  12,  and  any  further  recipro- 
cation  of  the  coiled  tubing  32  will  act  to  reciprocate  the 

9 
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mandrel  36  within  the  housing  34  as  permitted  by  the 
lug  and  J-slot  means  172. 

After  the  packers  40  and  42  have  been  inflated 
as  shown  in  FIG.  2,  weight  is  set  down  on  the  appa- 
ratus  10  by  slacking  off  on  the  coiled  tubing  32  thus 
telescoping  the  mandrel  36  downward  into  the  hous- 
ing  34  until  the  lug  176  reaches  intermediate  position 
176B  as  seen  in  FIG.  4. 

As  the  mandrel  36  moves  downward  from  the  in- 
flating  position  of  FIGS.  3A-3P  toward  the  intermedi- 
ate  position,  the  upper  and  lower  inflation  ports  188 
and  192  are  isolated  from  the  upper  and  lower  infla- 
tion  passages  200  and  218  as  the  inflation  ports  188 
and  192  move  below  O-ring  seals  246  and  248,  re- 
spectively. 

As  the  mandrel  36  is  moved  downward  from  the 
inflating  position  of  FIGS.  3A-3P  toward  the  inter- 
mediate  position,  flange  362  on  valve  mandrel  314 
will  be  brought  into  engagement  with  upperend  352 
of  valve  sleeve  336,  thus  physically  holding  the  valve 
sleeve  in  its  closed  position.  That  is,  regardless  of  the 
pressure  differential  between  the  inside  of  the  packer 
apparatus  10  and  the  well  annulus,  circulation  valve 
45  is  closed  in  the  intermediate  position. 

By  again  picking  up  weight  on  coiled  tubing  32, 
the  mandrel  36  is  telescopingly  moved  upwardly  with 
respect  to  the  housing  34  until  the  lug  176  reaches 
position  176C  as  shown  in  FIG.  4.  This  corresponds 
to  a  second  circulating  position  of  packer  apparatus 
10.  In  this  second  circulating  position,  upper  and  low- 
er  inflation  ports  188  and  192  are  still  isolated  from 
the  upper  and  lower  inflation  passages  200  and  218 
because  ports  188  and  192  are  still  below  O-ring 
seals  246  and  248,  respectively.  Also  in  the  circulat- 
ing  position,  flange  362  on  valve  mandrel  314  of  man- 
drel  36  is  still  engaged  with  upper  end  352  of  valve 
sleeve  336  and  thereby  still  holding  the  valve  sleeve 
in  a  closed  position.  Further,  in  this  circulating  posi- 
tion,  upper  circulating  ports  186  in  mandrel  36  are 
moved  below  O-ring  242  and  into  communication  with 
upper  circulating  passage  196  in  housing  34.  In  the 
second  circulating  position,  circulation  may  be  carried 
out  above  set  packers  40  and  42  through  upper  cir- 
culating  means  186,  196. 

Afterthe  desired  circulation  has  been  carried  out, 
weight  is  again  set  down  on  the  apparatus  10  by 
slacking  off  on  the  coiled  tubing  32,  thus  telescoping 
the  mandrel  36  downward  into  the  housing  34  until 
the  lug  176  reaches  position  176D  as  seen  in  FIG.  4. 
This  corresponds  to  a  treating  position  of  apparatus 
10,  which  will  be  further  described  below  as  also  iden- 
tical  to  a  ready  position.  It  will  be  seen  that  this  posi- 
tion  results  in  further  downward  movement  of  man- 
drel  36  such  that  the  treating  ports  190  thereof  are 
moved  below  O-ring  236  and  into  communication  with 
the  treating  fluid  passages  214  of  housing  34.  This 
additional  downward  movement  of  mandrel  36  also 
maintains  valve  sleeve  336  of  circulation  valve  45  in 

the  closed  position. 
In  the  treating  position,  the  upper  equalizing 

ports  186  are  moved  below  the  upper  equalizing  pas- 
sages  196  and  isolated  therefrom  by  O-ring  244  (see 

5  FIG.  3D)  .  Also,  the  lower  equalizing  ports  194  are 
isolated  from  lower  equalizing  passages  234  by  O- 
ring  247  (see  FIG.  3J). 

When  the  packer  apparatus  10  is  in  the  treating 
position,  treating  fluid  is  pumped  down  the  coiled  tub- 

10  ing  32  and  through  the  mandrel  36  out  the  treating 
ports  190  and  through  the  treating  fluid  passages  214 
into  the  isolated  zone  44  defined  between  the  upper 
and  lower  packers  40  and  42.  The  treating  fluid  can 
be  squeezed  through  the  perforations  30  into  the  for- 

15  mation  26  to  treat  that  formation. 
Afterthe  treating  operation  is  completed,  weight 

is  picked  up  from  the  apparatus  10  by  picking  up  on 
the  coiled  tubing  32  and  the  mandrel  36  moves  up- 
ward  a  relatively  small  distance  until  the  lug  176 

20  reaches  position  176E  as  shown  in  FIG.  4.  This  is  an 
equalizing  position,  where  the  isolated  zone  44  re- 
mains  in  communication  with  the  mandrel  bore  185 
through  the  treating  fluid  passages  214  and  treating 
fluid  ports  1  90  which  are  still  in  communication  there- 

25  with.  Also,  an  annulus  254  (see  FIG.  2)  of  the  well  12 
defined  between  the  tubing  string  32  and  well  casing 
14  above  the  upper  packer  40,  and  the  interior  28  of 
the  production  casing  14  below  the  lower  packer  42 
are  communicated  with  the  mandrel  bore  185 

30  through  the  upper  and  lower  equalizing  passages 
196  and  234  which  are  aligned  with  the  upper  and 
lower  equalizing  ports  186  and  194,  respectively,  of 
mandrel  36. 

With  the  packer  apparatus  10  in  the  equalizing 
35  position,  fluid  pressure  from  the  isolated  zone  44  is  al- 

lowed  to  equalize  with  fluid  pressure  in  the  annulus 
252  above  upper  packer  40  and  in  the  interior  28  of 
production  casing  14  below  the  lower  packer  42,  so 
as  to  eliminate  any  substantial  differential  pressures 

40  across  the  upper  and  lower  inflatable  packers  40  and 
42.  The  purpose  of  this  is  to  avoid  damage  to  the  up- 
per  and  lower  inflatable  packers  40  and  42  astheyare 
subsequently  deflated  and  moved  to  another  posi- 
tion,  in  order  to  allow  them  to  be  reused  a  number  of 

45  times  without  removing  the  apparatus  10  from  a  well. 
After  sufficient  time  has  passed  to  allow  pres- 

sures  across  the  packers  40  and  42  to  equalize,  the 
coiled  tubing  32  is  again  lowered  to  set  down  weight 
on  the  apparatus  10  and  index  the  lug  1  76  to  position 

so  176F  of  FIG.  4,  which  is  referred  to  as  a  ready  posi- 
tion.  The  telescoping  position  of  mandrel  36  relative 
to  housing  34  in  the  ready  position  represented  by  lug 
position  176F  is  in  fact  identical  to  the  telescoping 
position  of  mandrel  36  relative  to  housing  34  in  the 

55  treating  position  represented  by  lug  position  176D. 
Then,  to  deflate  the  inflatable  packers  40  and  42, 

weight  is  again  picked  up  from  the  apparatus  10  by 
lifting  on  the  coiled  tubing  32  thus  returning  the  lug 

10 
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1  76  to  a  position  within  J-slot  1  74  corresponding  to  its 
initial  position  176A,  thus  returning  the  straddle  pack- 
er  apparatus  10  to  the  relative  position  shown  in 
FIGS.  3A-3P  and  bringing  the  inflation  ports  188  and 
192  back  into  communication  with  the  inflation  pas- 
sages  200  and  218. 

If  packer  apparatus  10  is  run  into  the  well  bore 
without  a  check  valve  positioned  thereabove,  circula- 
tion  valve  45  may  act  as  a  fill-up  valve  for  filling  the 
tool.  Therefore,  circulation  valve  45  may  also  be  refer- 
red  to  as  a  fill-up  valve  45. 

Frequently,  however,  packer  apparatus  10  is  run 
into  t  he  well-bore  wit  h  a  check  valve  (not  shown)  posi- 
tioned  thereabove.  Such  a  check  valve  does  not  allow 
pressure  to  bleed  off  and  deflate  the  packers  40  and 
42.  However,  when  packer  apparatus  10  is  returned 
to  the  position  shown  in  FIGS.  3A-3P,  the  flange  362 
of  valve  mandrel  314  of  mandrel  36  is  moved  up  so 
that  it  no  longer  engages  upper  end  352  of  valve 
sleeve  336.  Valve  spring  356  returns  valve  sleeve  336 
to  the  open  position  shown  in  FIGS.  3M  and  3N.  As 
the  valve  sleeve  336  moves  upwardly,  fluid  may  be  at 
least  partially  displaced  through  upper  fluid  relief 
ports  322  so  that  there  is  no  pressure  buildup.  Thus, 
packers  40  and  42  may  bleed  into  bore  185  of  mandrel 
36  and  out  into  the  well  annulus  through  the  lower  cir- 
culating  means  consisting  of  lower  circulating  ports 
324,  valve  ports  348,  and  lower  circulating  passages 
330,  thus  deflating  the  packers.  In  this  way,  circula- 
tion  valve  45  may  also  be  referred  to  as  a  deflation 
valve  45. 

Then,  the  straddle  packer  apparatus  10  can  be 
relocated  to  another  position  within  the  well  12  and 
the  cycle  can  be  repeated  to  again  inflate  the  pack- 
ers,  circulate  and  treat  another  isolated  zone  of  the 
well  12. 

Referring  to  FIG.  4,  a  laid-out  view  is  thereshown 
of  the  J-slot  174  of  mandrel  36,  with  the  six  positions 
of  lug  176  being  shown  in  dashed  lines  and  designat- 
ed  as  176A-176F  as  previously  described. 

Thus,  the  lug  and  J-slot  means  172  defines  a  re- 
peatable  pattern  of  telescopingly  reciprocating  move- 
ment  of  the  mandrel  36  relative  to  the  housing  34.  It 
can  be  further  characterized  as  defining  a  repeating 
pattern  of  positions  of  mandrel  36  relative  to  the  hous- 
ing  34,  said  pattern  including  a  sequence  of  inflating 
position,  intermediate  position,  circulating  position, 
treating  position,  equalizing  position,  and  ready  posi- 
tion  wherein  the  next  telescoping  stroke  of  the  man- 
drel  36  relative  to  the  housing  34  will  return  the  ap- 
paratus  10  to  the  deflating  position,  and  subsequent- 
ly,  the  inflating  position  of  FIGS.  3A-3P. 

In  general  terms,  the  mandrel  36  and  the  lug  and 
J-slot  means  1  72  can  be  jointly  referred  to  as  a  control 
means  36,  172  operably  associated  with  the  housing 
34  for  defining  a  plurality  of  operating  positions  of  the 
packer  apparatus  10.  The  mandrel  bore  185  of  that 
portion  of  mandrel  36  contained  within  the  housing  34 

can  also  be  generally  referred  to  as  defining  at  least 
a  portion  of  the  interior  of  the  housing  34. 

The  present  invention  also  encompasses  meth- 
ods  of  utilizing  the  apparatus  just  described. 

5  A  method  of  treating  the  subsurface  zone  26  of 
well  12  having  the  well  casing  14  with  the  production 
tubing  20  in  place  within  the  casing  14  can  be  descri- 
bed  as  follows. 

First,  a  packer  apparatus  10,  such  as  a  straddle 
10  packer  having  upper  and  lower  inflatable  packers  40 

and  42  with  a  treating  fluid  passage  outlet  216  located 
therebetween,  is  provided. 

The  packer  apparatus  10  is  lowered  on  a  working 
tubing,  preferably  coiled  tubing  32,  down  through  pro- 

is  duction  tubing  20  to  a  position  below  the  lowerend  24 
of  production  tubing  20.  As  packer  apparatus  10  is 
lowered,  circulation  may  be  carried  out  through  lower 
circulating  means  324,  348,  330.  The  packer  appara- 
tus  10  is  placed  adjacent  the  subsurface  zone  26 

20  which  is  to  be  treated  as  shown  in  FIG.  1. 
Then  inflation  fluid  is  pumped  down  through  the 

bore  of  the  coiled  tubing  32  thereby  using  fluid  flow 
to  close  circulation  valve  45  and  inflating  the  upper 
and  lower  packers  40  and  42  as  shown  in  FIG.  2  to 

25  seal  the  packers  40  and  42  against  the  production 
casing  14  to  isolate  a  zone  44  of  the  well  correspond- 
ing  to  and  in  communication  with  the  subsurface  for- 
mation  26. 

Weight  is  then  set  down  on  the  packer  apparatus 
30  10  with  the  coiled  tubing  32  without  rotating  the  coiled 

tubing  32,  thus  moving  the  packer  apparatus  to  the 
intermediate  position  and  thereby  physically  locking 
circulation  valve  45  closed  and  trapping  the  inflation 
fluid  in  the  inflatable  packers  40  and  42. 

35  Then,  weight  is  picked  up  on  the  packer  appara- 
tus  10  with  the  coiled  tubing  32  without  rotating  the 
coiled  tubing  32,  thus  moving  the  packer  apparatus  to 
the  second  circulating  position  while  still  trapping  the 
inflation  fluid  in  the  inflatable  packers  40  and  42  and 

40  allowing  circulation  of  fluid  by  placing  circulating  pas- 
sage  1  96  in  communication  with  the  bore  of  the  coiled 
tubing. 

Weight  is  then  set  down  on  the  packer  apparatus 
1  0  with  the  coiled  tubing  32  without  rotating  the  coiled 

45  tubing  32,  thus  moving  the  packer  apparatus  10  to 
the  treating  position  and  placing  the  treating  fluid  pas- 
sage  outlet216of  the  packer  apparatus  10  in  commu- 
nication  with  the  bore  of  the  coiled  tubing  32. 

Then  treating  fluid  is  pumped  down  through  the 
so  bore  of  the  coiled  tubing  32  to  treat  the  isolated  zone 

40  and  thus  the  subsurface  formation  26  of  the  well 
12. 

Then  weight  is  picked  up  from  the  packer  appa- 
ratus  1  0  with  the  coiled  tubing  32  without  rotating  the 

55  coiled  tubing  32  to  communicate  the  isolated  zone  44 
of  the  well  12  through  the  packer  apparatus  10  with 
the  annulus  252  above  upper  packer  40  and  with  the 
interior  28  of  casing  14  below  the  lower  packer  42 
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thus  equalizing  pressure  across  the  inflated  packers 
40  and  42  prior  to  deflation  of  the  same. 

Subsequently,  weight  is  again  set  down  on  the 
packer  apparatus  1  0  with  the  coiled  tubing  32  to  index 
the  lug  to  the  ready  position  1  76F,  and  weight  is  then 
again  picked  up  with  the  coiled  tubing  32  to  return  the 
packer  apparatus  10  to  the  circulating/inflating  posi- 
tion  of  FIGS.  3A-3P  thus  communicating  the  inflation 
passages  of  the  housing  34  with  the  bore  of  the  coiled 
tubing  32  and  unlocking  circulation  valve  45,  thereby 
deflating  the  upper  and  lower  packers  40  and  42 
through  the  valve  45  to  unseat  the  packers  from  the 
production  casing  22. 

The  packer  apparatus  10  can  then  be  relocated 
to  another  position  within  the  well  12  and  the  cycle  re- 
peated  to  treat  another  zone  of  the  well. 

Claims 

1.  A  packer  apparatus  which  comprises  a  housing 
(34)  having  a  central  housing  opening  (141),  and 
having  packer  inflation  passage  means  (200)  de- 
fined  in  said  housing,  and  having  a  treating  fluid 
passage  (214)  defined  in  said  housing  with  an 
outlet  of  said  treating  fluid  passage  communicat- 
ing  with  an  exterior  of  said  housing;  a  packer(40) 
mounted  on  said  housing  adjacent  to  said  outlet 
of  said  treating  fluid  passage,  said  packer  being 
in  communication  with  said  packer  inflation  pas- 
sage  means  (200);  an  inner  mandrel  (36)  slidably 
received  in  said  central  housing  opening,  said 
mandrel  having  a  mandrel  bore  and  having  an  in- 
flation  port  means  (188)  and  a  treating  port 
means,  each  communicated  with  said  mandrel 
bore;  circulating  means  (186,196)  for  circulating 
fluid  from  said  central  housing  opening  through 
said  housing  into  a  well  annulus;  and  lug  and  J- 
slot  means  (172),  operably  associated  with  said 
housing  and  said  inner  mandrel,  for  controlling  a 
telescoping  position  of  said  mandrel  relative  to 
said  housing  in  response  to  telescoping  recipro- 
cation  without  rotation  of  said  mandrel  relative  to 
said  housing,  said  mandrel  being  movable  be- 
tween  an  inflating  position  wherein  said  inflation 
port  means  of  said  mandrel  is  communicated  with 
said  inflation  passage  means  of  said  housing  and 
said  treating  port  means  of  said  mandrel  is  isolat- 
ed  from  said  treating  passage  means  of  said 
housing,  a  circulating  position  in  which  said  circu- 
lating  means  is  open,  and  a  treating  position 
wherein  said  inflation  port  means  of  said  mandrel 
is  isolated  from  said  inflation  passage  means  of 
said  housing  and  said  treating  port  means  of  said 
mandrel  is  communicated  with  said  treating  fluid 
passage  of  said  housing. 

2.  Apparatus  according  to  claim  1  ,  wherein  said  lug 

and  J-slot  means  comprises  a  slot  means  (174) 
defined  on  and  longitudinally  movable  with  one  of 
said  housing  and  said  mandrel,  preferably  said 
mandrel;  a  lug  means  (176)  defined  on  and  long- 

5  itudinally  movable  with  the  other  of  said  housing 
and  said  mandrel,  said  lug  means  being  received 
in  said  slot  means  to  define  an  endlessly  repeat- 
ing  pattern  of  telescopingly  reciprocating  move- 
ment  of  said  mandrel  relative  to  said  housing;  and 

10  one  of  said  slot  means  and  said  lug  means  being 
defined  on  a  rotating  body  rotatably  mounted  on 
a  respective  one  of  said  mandrel  and  said  hous- 
ing  to  permit  relative  rotational  motion  between 
said  slot  means  and  said  lug  means  about  a  long- 

15  itudinal  axis  of  said  housing  without  having  rela- 
tive  rotational  movement  between  said  mandrel 
and  said  housing. 

3.  Apparatus  according  to  claim  1  or  2,  wherein  said 
20  packer  is  one  of  upper  and  lower  longitudinally 

spaced  packers  mounted  on  said  housing  on  op- 
posite  sides  of  said  outlet  of  said  treating  fluid 
passage;  said  inflation  passage  means  includes 
separate  upper  and  lower  inflation  passages  de- 

25  fined  in  said  housing  and  communicated  with 
said  upper  and  lower  packers,  respectively;  and 
said  inflation  port  means  includes  separate  upper 
and  lower  inflation  ports  arranged  to  communi- 
cate  said  mandrel  bore  with  said  upper  and  lower 

30  inflation  passages,  respectively,  when  said  man- 
drel  is  in  said  inflating  position. 

4.  Apparatus  according  to  claim  1,2  or  3,  wherein 
said  housing  has  an  equalizing  passage  means 

35  defined  therein  communicated  with  the  exterior 
of  said  housing  above  said  packer  and  communi- 
cated  with  the  exterior  of  said  housing  below  said 
packer;  said  mandrel  has  an  equalizing  port 
means  defined  therein  communicated  with  said 

40  mandrel  bore;  and  said  lug  and  J-slot  means  fur- 
ther  defines  an  equalizing  position  of  said  man- 
drel  wherein  said  equalizing  port  means  of  said 
mandrel  communicates  said  equalizing  passage 
means  of  said  housing  with  said  mandrel  bore 

45  while  said  treating  fluid  passage  is  also  commu- 
nicated  with  said  mandrel  bore  through  said  treat- 
ing  port  means. 

5.  Apparatus  according  to  claim  4,  wherein  said  lug 
so  and  J-slot  means  defines  a  repeatable  pattern  of 

positions  of  said  mandrel  relative  to  said  housing, 
said  pattern  including  a  repetitive  sequence  of  in- 
flating  position,  circulating  position,  treating  pos- 
ition,  equalizing  position  and  ready  position, 

55  wherein  said  ready  position  is  such  that  upon  the 
next  telescoping  stroke  of  said  mandrel  relative  to 
said  housing,  said  mandrel  returns  to  said  inflat- 
ing  position. 
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6.  Apparatus  according  to  claim  5,  wherein  said  lug 
and  J-slot  means  is  further  characterized  in  that 
said  mandrel  telescopes  inwardly  from  said  inflat- 
ing  position  to  an  intermediate  position,  then  out- 
wardly  to  said  circulating  position,  then  inwardly  5 
to  said  treating  position,  then  outwardly  to  said 
equalizing  position,  then  inwardly  to  said  ready 
position,  then  outwardly  to  said  inflating  position. 

7.  Apparatus  according  to  claim  5,  wherein  the  tel-  10 
escoping  position  of  said  mandrel  relative  to  said 
housing  in  said  treating  position  is  substantially 
identical  to  the  telescoping  position  of  said  man- 
drel  relative  to  said  housing  in  said  ready  position. 

15 
8.  Apparatus  according  to  claim  1  ,  wherein  said  cir- 

culating  means  is  characterized  by  a  circulation 
valve  which  comprises  a  portion  of  said  inner 
mandrel  defining  a  circulating  port  therethrough; 
a  portion  of  said  housing  defining  a  circulating  20 
passage  therethrough;  and  a  valve  sleeve  slid- 
ably  disposed  between  said  housing  and  said 
mandrel  and  having  a  valve  port  defined  there- 
through,  said  valve  port  being  in  communication 
with  said  circulating  passage  when  in  an  open  25 
position  and  isolated  from  said  circulating  pas- 
sage  when  in  a  closed  position. 

9.  Apparatus  according  to  claim  8,  further  compris- 
ing  biasing  means  for  biasing  said  valve  sleeve  30 
toward  said  open  position,  said  biasing  means 
being  a  valve  spring. 

10.  Apparatus  according  to  claim  8,  further  compris- 
ing  means  for  holding  said  valve  sleeve  in  said  35 
closed  position,  said  holding  means  being  a 
flange  extending  from  said  mandrel  and  adapted 
for  engaging  a  portion  of  said  valve  sleeve. 
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