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(57)  An  apparatus  for  injecting  fluid  into  a  wellbore. 
The  apparatus  comprises  a  housing  (12)  and  a  valve 
sleeve  (50).  The  housing  (12)  has  a  chamber  (36)  and 
a  port  (30)  in  communication  with  the  chamber  (36).  The 
chamber  (36)  is  adapted  to  hold  a  first  fluid,  such  as  a 
cement  accelerant,  therein.  The  valve  sleeve  (50) 
serves  to  open  the  port  (30)  so  that  the  fluid  first  fluid  is 
free  to  flow  out  of  the  chamber  (36)  through  the  port  (30) 
in  response  to  the  flow  of  a  second  fluid,  such  as  ce- 
ment.  A  portion  of  the  valve  sleeve  (50)  extends  below 
the  housing  (1  2)  so  that  when  the  valve  sleeve  (50)  en- 
gages  a  surface  therebelow,  the  valve  sleeve  (50)  is 
forced  upwardly  to  open  the  port  (30).  The  housing  (12) 
and/or  the  valve  sleeve  (50)  may  be  made  of  a  on-me- 
tallic  material  in  order  to  facilitate  drilling  of  the  appara- 
tus. 
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Description 

This  invention  relates  to  apparatus  for  injecting  fluid 
into  a  wellbore. 

Cementing  of  casing  into  a  wellbore  is  well  known 
in  the  art.  Cement  is  pumped  into  the  well  casing  through 
a  casing  shoe  or  a  cementing  valve  installed  in  the  cas- 
ing  so  that  the  cement  is  positioned  in  the  desired  zone. 
Depending  upon  conditions,  it  may  be  necessary  to  mix 
additives  with  the  cement  to  retard  setting  time,  accel- 
erate  setting  time,  control  fluid  loss  in  the  cement,  gel 
the  cement,  reduce  the  slurry  density,  lighten  the  slurry 
or  increase  its  weight,  increase  its  mechanical  strength 
when  set,  reduce  the  effect  of  mud  on  the  cement,  im- 
prove  its  bonding,  or  to  effect  more  than  one  of  the 
above  purposes,  as  well  as  others.  To  do  this,  additives 
are  mixed  with  the  cement  slurry. 

Additives  have  been  mixed  on  the  surface  and  then 
pumped  with  the  cement  into  the  well.  Alternatively,  a 
portion  of  the  cement  may  be  pumped,  additive  pumped 
after  that,  and  more  cement  pumped,  etc.  For  example, 
in  order  to  accelerate  the  setting  up  of  a  cement  column 
in  a  subterranean  well,  it  is  necessary  to  inject  certain 
chemicals,  such  as  accelerators,  into  the  cement  slurry 
at  the  proper  time,  at  the  proper  place  and  in  the  proper 
proportions.  This  procedure  has  the  obvious  drawback 
that  an  additive  starts  working  as  soon  as  it  contacts  the 
cement,  and  it  is  never  certain  that  the  mixed  cement 
and  additive  will  reach  the  desired  location  at  the  correct 
time  which  may  result  in  the  cement  setting  up  too  soon 
or  too  late. 

Since  the  cement  slurry  must  remain  pumpable  for 
a  specified  period  of  time,  it  is  desirable  to  inject  the 
chemicals  into  the  cement  slurry  downhole  rather  than 
at  the  surface  during  mixing.  This  allows  the  accelerator 
to  act  only  when  desired  and  not  set  up  the  cement  too 
soon.  Devices  for  carrying  out  such  injection  have  been 
developed.  One  such  device  is  shown  in  U.  S.  Patent 
No.  4,361  ,187  which  discloses  a  downhole  mixing  valve 
for  use  in  cementing,  fracturing  or  other  treatment  of  a 
well.  This  valve  is  generally  mounted  on  a  pipe  string 
which  is  run  into  the  well  casing.  This  has  worked  well, 
but  it  does  require  an  additional  trip  with  the  pipe  string 
which  increases  costs  and  the  time  of  the  cementing  job. 

Further,  when  it  is  desired  to  remove  downhole  tools 
from  a  well  bore,  it  is  frequently  simpler  and  less  expen- 
sive  to  mill  or  drill  them  out  rather  than  to  implement  a 
complex  retrieving  operation.  In  drilling,  a  drill  bit  is  used 
to  cut  and  grind  up  the  components  of  the  downhole  tool 
to  remove  it  from  the  well  bore.  This  is  a  much  faster 
operation  than  milling,  but  requires  the  tool  to  be  made 
out  of  materials  which  can  be  accommodated  by  the  drill 
bit. 

In  order  to  solve  the  problem  of  providing  drillable 
tools,  Halliburton  Company  introduced  to  the  industry  a 
line  of  drillable  downhole  tools,  such  as  packer  appara- 
tus,  currently  marketed  under  the  trademark  "FAS 
DRILL".  The  "FAS  DRILL"  line  of  tools  consists  of  a  ma- 

jority  of  the  components  being  made  of  non-metallic  en- 
gineering  grade  plastics  to  greatly  improve  the  drillability 
of  such  downhole  tools.  The  "FAS  DRILL"  line  of  tools 
has  been  very  successful  and  a  number  of  U.S.  patents 

5  have  been  issued  to  us,  including  U.S.  Patent  5,271  ,468 
to  Streich  et  al.,  U.S.  Patent  5,224,540  to  Streich  et  al., 
and  U.S.  Patent  5,390,737  to  Jacobi  et  al.  Nevertheless, 
until  now,  there  was  a  shortcoming  in  the  prior  art  be- 
cause  no  drillable  apparatus  existed  for  carrying  an  ac- 

10  celerating  fluid  to  a  proper  injection  point  or  maintaining 
the  fluid  at  the  proper  injection  point  until  the  apparatus 
is  activated. 

The  apparatus  of  the  present  invention  solves  the 
problems  of  the  previous  devices  in  that  it  includes  a 

is  mechanism  for  either  carrying  the  accelerator  to  the 
proper  injection  point  or  maintaining  the  accelerator  at 
the  proper  injection  point  until  the  device  is  activated. 
The  accelerator  may  then  be  injected  into  the  fluid  with- 
out  need  of  an  additional  trip  with  a  pipe  string. 

20  According  to  the  present  invention  there  is  provided 
apparatus  for  injecting  fluid  into  a  wellbore,  the  appara- 
tus  comprising:  housing  means  for  defining  a  chamber 
therein  and  a  port  in  communication  with  said  chamber, 
said  chamber  being  adapted  for  holding  a  first  fluid 

25  therein;  valve  means  for  opening  said  port  such  that  said 
first  fluid  is  free  to  flow  out  of  said  chamber  through  said 
port  in  response  to  a  flow  of  a  second  fluid  thereby;  and 
wherein  a  portion  of  said  valve  means  extends  below 
said  housing  means  such  that  when  said  valve  means 

30  engages  a  surface  therebelow,  said  valve  means  is 
forced  upwardly  to  open  said  port. 

The  flow  of  the  second  fluid  may  cause  a  venturi 
effect  such  that  a  pressure  differential  forces  the  first  flu- 
id  out  of  the  chamber.  Alternatively,  the  chamber  may 

35  be  pressurised.  Preferably,  the  apparatus  further  com- 
prises  an  orifice  disposed  in  the  port  to  control  the  flow 
rate  of  the  first  fluid. 

In  a  first  preferred  embodiment,  the  housing  means 
is  characterized  as  a  housing  of  a  plug  which  may  be 

40  pumped  down  the  wellbore  during  a  cementing  opera- 
tion.  Thus,  the  first  fluid,  such  as  an  accelerator,  is  car- 
ried  into  the  well  inside  the  plug.  The  housing  defines  a 
flow  passage  through  which  the  second  fluid  may  be 
flowed,  and  the  first  fluid  flows  into  the  flow  passage 

45  when  the  port  is  opened  by  the  valve  means. 
The  valve  means  may  comprise  a  valve  sleeve  dis- 

posed  on  the  housing  means  and  movable  from  a  first 
position  covering  the  port  and  a  second  position  wherein 
the  port  is  uncovered.  This  valve  sleeve  is  actuated 

so  when  the  plug  reaches  the  bottom  of  the  casing  string 
and  contacts  another  cementing  plug  therebelow.  A 
shear  means,  such  as  a  shear  pin,  for  shearably  holding 
the  valve  sleeve  in  the  first  position  is  preferably  includ- 
ed.  This  allows  the  first  fluid  to  be  injected  into  the  sec- 

55  ond  fluid,  which  may  be  cement,  at  the  proper  time  to 
allow  the  first  fluid  to  be  injected  into  a  selected  portion 
of  the  first  fluid.  A  venturi  effect  may  be  set  up  through 
the  inside  of  the  plug  once  it  lands  on  the  bottom  plug. 
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In  another  embodiment,  the  housing  means  is  char- 
acterized  by  a  portion  of  the  well  casing  itself  which  is 
disposed  in  the  wellbore.  Thus,  the  accelerator  is  locat- 
ed  in  an  integral  part  of  the  casing  string  that  is  to  be 
cemented  to  the  well.  In  this  embodiment,  the  first  fluid 
flows  into  the  well  annulus  between  the  casing  and  the 
wellbore  when  the  port  is  opened  by  the  valve  means. 
As  with  the  earlier  embodiment,  a  venturi  effect  may 
cause  the  accelerator  to  flow  into  the  cement  slurry.  The 
pressure  differential  is  caused  by  the  flow  of  cement  in 
the  well  annulus  around  the  outside  of  the  casing  string. 
The  valve  means  may  comprise  a  solenoid  valve  which 
is  actuated  by  a  microprocessor  means  for  controlling 
the  solenoid  valve  in  response  to  a  signal.  This  signal 
may  be  a  pressure  signal  or  may  be  a  signal  in  response 
to  a  cementing  plug  pumped  to  a  specific  location. 

Preferably,  the  apparatus  according  to  the  invention 
further  includes  volume  reduction  means.  In  one  em- 
bodiment,  the  volume  reduction  means  is  characterized 
by  an  inflatable  bag  disposed  in  the  chamber  and  in 
communication  with  the  port.  When  the  second  fluid 
flows  past  the  port,  a  pressure  differential  is  created 
which  causes  the  bag  to  collapse  and  forces  the  first 
fluid  out  into  the  flow  of  the  second  fluid.  Alternatively, 
the  chamber  may  be  pressurized.  In  another  embodi- 
ment  of  the  volume  reduction  means,  a  piston  is  slidably 
disposed  in  the  chamber  and  moves  in  response  to  a 
pressure  differential  thereacross  to  force  the  first  fluid 
out  into  the  flow  of  the  second  fluid. 

Preferably,  the  housing  means  and/or  the  valve 
means  are  made  at  least  partly  of  non-metallic  materi- 
als,  such  as  engineering  grade  plastics,  resins,  or  com- 
posites,  to  reduce  weight  which  reduces  shipping  ex- 
penses  and  facilitates  installation  at  the  rig,  to  reduce 
manufacturing  time  and  labor,  to  reduce  costs  and  to 
improve  drillability  of  the  apparatus  when  drilling  is  re- 
quired  to  remove  the  apparatus  from  the  well  bore.  De- 
sirably  all  the  components  of  the  apparatus  are  made  of 
non-metallic  materials.  The  use  of  non-metallic  compo- 
nents  in  the  downhole  tool  apparatus  allows  for  and  in- 
creases  the  efficiency  of  drilling  techniques,  and,  in  par- 
ticular,  makes  the  apparatus  drillable. 

The  apparatus  according  to  the  invention  can  be 
used  in  a  method  of  injecting  accelerant  into  a  cement 
slurry  in  a  cementing  operation. 

Reference  is  now  made  to  the  accompanying  draw- 
ings,  in  which 

FIG.  1  shows  an  embodiment  of  an  apparatus  for 
downhole  injection  and  mixing  of  fluids  into  a  cement 
slurry  according  to  the  present  invention,  embodied  as 
a  cementing  plug  for  carrying  a  fluid,  such  as  a  cement 
accelerator,  to  a  proper  injection  point  in  a  well. 

FIG.  2  shows  an  alternative  embodiment  of  the 
plug. 

FIG.  3  illustrates  the  plug  of  FIG.  1  in  use  as  part  of 
a  plug  set  for  a  cementing  operation  in  a  wellbore. 

FIGS.  4A  and  4B  present  a  longitudinal  cross  sec- 
tion  of  a  second  embodiment  of  apparatus  according  to 

the  invention  in  which  the  accelerant  is  maintained  in  a 
portion  of  a  casing  string. 

FIGS.  5A  and  5B  show  a  modified  version  of  the 
apparatus  of  FIGS.  4A  and  4B  incorporating  a  cement- 

5  ing  valve. 
FIG.  6  shows  an  alternative  embodiment  of  the 

plug. 
FIG.  7  shows  a  top  view  of  the  plug  in  FIG.  6. 
FIG.  8  shows  an  end  view  of  the  bottom  plate  of 

10  FIG.  6. 
FIG.  9  shows  an  end  view  of  the  valve  sleeve  of 

FIG.  6. 

First  Embodiment 
15 

Referring  now  to  the  drawings,  and  more  particular- 
ly  to  FIG.  1,  a  first  embodiment  of  the  apparatus  for 
downhole  injection  and  mixing  of  fluids  into  a  cement 
slurry  of  the  present  invention  is  shown  as  a  plug,  gen- 

20  erally  designated  by  the  numeral  10.  Plug  10  comprises 
a  housing  means  characterized  by  a  housing  1  2  formed 
by  an  outer  case  14  and  an  inner  mandrel  16. 

Case  14  has  a  substantially  cylindrical  wall  portion 
18  with  an  upper  end  20  extending  radially  inwardly 

25  therefrom.  End  20  defines  an  opening  22  therein. 
Mandrel  1  6  has  a  substantially  cylindrical  inner  wall 

portion  24  with  a  lower  end  26  extending  radially  out- 
wardly  therefrom.  The  upper  end  of  mandrel  16  fits  in 
opening  22  in  case  1  4,  and  lower  end  26  of  the  mandrel 

30  is  connected  to  the  case  at  threaded  connection  28. 
A  plurality  of  ports  30  are  defined  radially  through 

wall  24  of  mandrel  16  adjacent  to  lower  end  26.  Ports 
30  may  also  be  defined  as  housing  ports  30.  An  orifice 
block  32  defining  a  plurality  of  orifices  34  therein  is  pref- 

35  erably  disposed  in  each  housing  port  30. 
It  will  be  seen  that  case  1  4  and  mandrel  1  6  of  hous- 

ing  12  define  a  chamber  36  within  the  housing  which  is 
in  communication  with  ports  30.  A  volume  reduction 
means,  such  as  an  elastomeric  bag  38,  is  disposed  in 

40  chamber  36.  Bag  38  substantially  fills  chamber  36. 
Thus,  bag  38  defines  a  variable  volume  cavity  40  there- 
in.  Orifice  blocks  32  are  actually  disposed  within  bag  38 
such  that  they  are  in  communication  with  cavity  40.  At 
the  upper  end  of  bag  38  is  a  filling  stem  42  which  extends 

45  outwardly  through  a  hole  44  defined  in  upper  end  20  of 
case  14.  Filling  stem  42  may  include  a  back  check  valve 
of  a  kind  known  in  the  art  such  that  bag  38  may  be  filled 
with  a  first  fluid,  such  as  a  cement  accelerator. 

Mandrel  16  defines  a  central  opening  46  there- 
to  through  which,  as  will  be  further  described  herein,  de- 

fines  a  flow  passage  through  housing  12.  At  the  lower 
end  of  central  opening  46  is  a  bore  48. 

A  valve  sleeve  50  is  disposed  in  bore  48,  and  when 
in  the  first  position  thereof  shown  in  FIG.  1  ,  covers  hous- 

es  ing  ports  30.  A  sealing  means,  such  as  a  pair  of  O-rings 
52,  provide  sealing  engagement  between  valve  sleeve 
50  and  mandrel  16  on  longitudinally  opposite  sides  of 
ports  30. 
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A  shearing  means,  such  as  a  plurality  of  shear  pins 
54,  holds  valve  sleeve  50  in  the  first  position  shown  in 
FIG.  1. 

As  will  be  further  described  herein,  when  shear  pins 
54  are  sheared,  valve  sleeve  50  is  free  to  slide  upwardly 
within  bore  48  of  mandrel  16.  At  this  point,  a  plurality  of 
valve  ports  56  in  valve  sleeve  50  are  moved  into  align- 
ment  with  corresponding  housing  ports  30.  Also,  a  radi- 
ally  outwardly  extending  flange  58  of  valve  sleeve  50  is 
moved  into  a  recess  60  defined  on  the  bottom  of  lower 
end  26  of  mandrel  16.  In  this  position,  it  will  be  seen  that 
fluid  held  in  cavity  40  of  bag  38  (and  thus  held  within 
cavity  36  of  housing  1  2)  is  placed  in  communication  with 
central  opening  46. 

On  the  upper  outer  end  of  case  1  4  is  a  wiper  sleeve 
62  having  a  pair  of  wiper  rings  64  extending  radially  out- 
wardly  thereon.  At  the  lower  outer  end  of  case  1  4  is  an- 
other  wiper  sleeve  66  having  a  pair  of  wiper  rings  68 
extending  radially  outwardly  thereon.  Wiper  sleeve  62 
may  be  identical  to  wiper  sleeve  66. 

A  diaphragm  70  held  in  place  by  a  diaphragm  re- 
tainer  72  is  disposed  in  upper  end  20  of  case  14.  It  will 
be  seen  that  diaphragm  70  initially  closes  central  open- 
ing  46  to  fluid  flow. 

Referring  now  to  FIG.  2,  an  alternate  embodiment 
plug  10'  is  shown  which  is  similar  in  many  respects  to 
plug  10  of  FIG.  1  .  However,  rather  than  using  a  bag,  the 
volume  reduction  means  is  characterized  in  plug  10'  as 
a  sliding  piston  74.  A  sealing  means,  such  as  a  pair  of 
O-rings  76  provide  sealing  engagement  between  piston 
76  and  mandrel  16.  Another  sealing  means,  such  as  a 
pair  of  O-rings  78,  provide  sealing  engagement  between 
piston  74  and  case  1  4.  It  will  thus  be  seen  that  chamber 
36  is  divided  into  a  variable  volume  upper  chamber  80 
and  a  variable  volume  lower  chamber  82  by  piston  74. 

Operation  Of  The  First  Embodiment 

Referring  now  to  FIG.  3,  the  operation  of  the  first 
embodiment  of  the  present  invention  will  be  discussed. 
A  casing  string  84  is  disposed  in  a  wellbore  86  with  an 
annulus  88  defined  therebetween.  The  lower  end  of  cas- 
ing  string  84  is  attached  to  a  casing  shoe  90  of  a  kind 
known  in  the  art  at  threaded  connection  92. 

Once  it  is  desired  to  begin  the  operation  for  cement- 
ing  outer  casing  annulus  88,  a  first  or  bottom  plug  94,  of 
a  kind  known  in  the  art,  is  pumped  downwardly  through 
casing  string  84.  A  plurality  of  wiper  rings  96  on  bottom 
plug  94  wipe  the  inside  surface  of  casing  string  84  free 
of  the  drilling  mud  or  other  fluids  that  were  already 
present  therein  and  sealingly  separates  the  mud  from 
the  cement  above  the  bottom  plug.  A  diaphragm  98  is 
disposed  in  bottom  plug  94  to  keep  the  cement  and  mud 
from  mixing  as  the  bottom  plug  is  pumped  down.  Even- 
tually,  bottom  plug  94  will  come  to  rest  on  float  shoe  90. 
Additional  pressure  applied  to  bottom  plug  94  will  cause 
diaphragm  98  to  be  ruptured  so  that  the  cement  can  flow 
through  the  bottom  plug  and  thus  through  opening  100 

in  casing  shoe  90  and  upwardly  into  annulus  88  as  in- 
dicated  by  arrow  102. 

After  an  initial,  desired  amount  of  cement  has  been 
pumped  down  casing  82  and  into  annulus  88  as  de- 

5  scribed,  plug  10  is  then  pumped  downwardly  on  top  of 
this  cement.  Above  plug  10  is  another  desired  amount 
of  cement.  Diaphragm  70  in  plug  10  insures  that  the 
pressure  applied  to  the  plug  will  continue  to  force  it 
downwardly. 

10  Eventually,  plug  10  will  reach  lower  plug  94.  At  this 
point,  the  bottom  of  valve  sleeve  50  will  contact  the  top 
of  bottom  plug  94.  This  will  cause  an  upward  force  on 
valve  sleeve  50,  shearing  shear  pins  54  to  move  the 
valve  sleeve  upwardly  to  its  second  position  in  which 

is  valve  ports  56  are  aligned  with  housing  ports  30,  as  pre- 
viously  described.  Also,  continued  pressure  applied  on 
top  of  plug  10  will  cause  diaphragm  70  to  be  ruptured 
so  that  cement  will  flow  downwardly  through  central 
opening  46.  It  will  be  seen  by  those  skilled  in  the  art  that 

20  the  velocity  of  the  cement  slurry  through  central  opening 
46  is  greater  than  it  is  through  the  larger  diameter  casing 
string  84.  This  causes  a  venturi  effect  across  housing 
ports  30  and  pressure  differential  above  and  below  plug 
1  0  which  is  thus  applied  across  bag  38.  This  causes  the 

25  bag  to  collapse,  reducing  the  volume  thereof  and  forcing 
the  accelerant  in  the  bag  outwardly  through  housing 
ports  30  and  aligned  valve  ports  56  into  central  opening 
46  to  be  mixed  with  the  cement  slurry.  Thus,  the  accel- 
erant  is  mixed  with  the  cement  only  at  the  proper  accel- 

30  erant  injection  point. 
As  an  alternative  or  supplement  to  the  venturi  effect 

just  described,  the  first  liquid  in  cavity  40  of  bag  38  may 
be  pressurized  to  insure  that  it  flows  outwardly  when 
valve  sleeve  50  is  opened.  Also,  the  portion  of  chamber 

35  36  outside  bag  38  may  be  pressurized  to  help  insure 
that  the  fluid  in  the  bag  flows  outwardly  and  the  bag  col- 
lapses. 

As  a  final  step  in  the  cementing  process,  a  third  or 
top  plug  104  is  pumped  downwardly  on  top  of  the  ce- 

40  ment.  Wiper  rings  1  06  wipe  the  cement  as  top  plug  1  04 
moves  downwardly.  Upper  end  108  of  top  plug  104  is 
closed  so  that  there  is  no  mixing  between  the  cement 
slurry  below  top  plug  104  and  the  fluid  pumped  therea- 
bove. 

45  Eventually,  top  plug  104  will  come  to  rest  on  plug 
10  to  complete  the  cementing  operation. 

With  alternate  plug  1  0',  the  operation  is  substantial- 
ly  identical,  except  that  the  pressure  differential  caused 
by  the  increased  fluid  flow  through  central  opening  46 

so  and  the  corresponding  venturi  effect  is  applied  to  piston 
74,  resulting  in  the  piston  being  moved  downwardly  to 
reduce  the  volume  of  lower  chamber  82  and  increase 
the  volume  of  upper  chamber  80.  The  accelerant  in  low- 
er  chamber  82  is  thus  displaced  outwardly  through 

55  aligned  housing  ports  30  and  valve  ports  56  to  mix  with 
the  cement  slurry  flowing  through  central  opening  46. 

Again,  as  an  alternative  or  supplement  to  the  venturi 
effect,  pressurization  may  be  utilized  in  alternate  plug 

4 
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10'.  For  example,  upper  chamber  80  may  be  pressu- 
rized  to  assist  in  forcing  piston  74  downwardly. 

Second  Embodiment 

Referring  now  to  FIGS.  4A  and  4B,  a  second  em- 
bodiment  of  the  apparatus  for  downhole  injection  and 
mixing  of  fluids  into  a  cement  slurry  of  the  present  in- 
vention  is  shown  as  a  casing  portion  110  of  a  casing 
string  112. 

Casing  portion  1  1  0  comprises  a  housing  1  1  4  formed 
by  an  outer  case  116  and  an  inner  mandrel  118  which 
is  connected  to  the  outer  case  at  threaded  connection 
120  at  the  upper  end.  The  lower  end  of  mandrel  118  is 
connected  to  a  casing  shoe  1  22  at  threaded  connection 
124.  Casing  shoe  122  is  similar  to  casing  shoe  90  shown 
in  the  first  embodiment  and  is  of  a  kind  known  in  the  art. 
Lower  end  1  26  of  case  1  1  6  fits  closely  around  the  upper 
end  of  casing  shoe  122. 

Case  116  in  mandrel  118  define  an  annular  cham- 
ber  1  28  within  housing  1  1  4.  A  vent  tube  1  30  is  in  com- 
munication  with  chamber  1  28  and  well  annulus  1  41  . 

In  the  preferred  embodiment,  an  elastomeric  bag  or 
bladder  132  is  disposed  in  chamber  128  in  a  manner 
similar  to  bag  38  in  first  embodiment  plug  10,  although 
a  piston  arrangement  similar  to  plug  10'  could  also  be 
used.  The  lower  end  of  bag  1  32  is  connected  to  a  sole- 
noid  valve  134  which  is  normally  closed.  A  microproc- 
essor  1  36  with  a  battery  pack  is  connected  to  solenoid 
valve  1  34  by  a  connector  1  37.  Microprocessor  1  36  is 
adapted  for  controlling  solenoid  valve  1  34  and  opening 
it  in  response  to  a  signal  as  will  be  further  described 
herein.  When  solenoid  valve  1  34  is  opened,  a  cavity  1  38 
within  bag  132  is  opened  to  well  annulus  140  defined 
between  casing  string  112  and  wellbore  142.  A  plurality 
of  orifices  1  35  are  in  communication  with  solenoid  valve 
134. 

Operation  Of  The  Second  Embodiment 

Still  referring  to  FIGS.  4A  and  4B,  during  a  cement- 
ing  operation  a  first  or  bottom  plug  1  44  is  pumped  down 
casing  string  112.  Wiper  rings  146  on  bottom  plug  144 
wipe  the  inside  surface  of  well  casing  112  free  of  the 
drilling  mud  or  other  fluids  that  were  already  present 
therein  and  sealingly  separate  the  mud  from  the  cement 
above  bottom  plug  144.  Eventually,  bottom  plug  144 
comes  to  rest  against  float  shoe  122.  Additional  pres- 
sure  applied  will  rupture  a  diaphragm  148  in  bottom  plug 
144  thereby  allowing  the  cement  slurry  to  flow  down- 
wardly  through  the  bottom  plug  and  through  opening 
1  50  of  casing  shoe  1  22  into  well  annulus  1  40  as  indicat- 
ed  by  arrow  152. 

After  the  desired  amount  of  cement  has  been 
pumped,  a  second  or  intermediate  plug  154  is  pumped 
down  casing  string  112.  A  plurality  of  wiper  rings  will 
wipe  the  inside  surface  of  casing  string,  and  a  dia- 
phragm  158  insures  that  a  pressure  differential  across 

second  plug  1  54  exists  so  that  the  plug  will  be  pumped 
downwardly.  Microprocessor  136  senses  a  signal  indi- 
cating  the  landing  of  second  plug  154  on  bottom  plug 
144  and  actuates  solenoid  valve  134  to  place  orifices 

5  1  35  in  communication  with  well  annulus  1  40.  Additional 
cement  is  pumped  downwardly  to  rupture  diaphragm 
158. 

The  cross-sectional  area  of  well  annulus  140  is  rel- 
atively  smaller  compared  to  that  of  well  annulus  1  41  so 

10  that  the  fluid  flow  through  well  annulus  1  40  is  relatively 
faster  than  the  fluid  flow  through  well  annulus  1  41  .  This 
increased  fluid  flow  creates  a  venturi  effect  with  a  pres- 
sure  differential  across  casing  portion  1  1  0.  This  collaps- 
es  bag  1  32  so  that  the  accelerant  in  cavity  1  38  in  the 

is  bag  (and  thus  in  cavity  1  28)  is  forced  outwardly  into  the 
cement  slurry  stream  flowing  upwardly  through  well  an- 
nulus  140. 

As  an  alternative  or  supplement  to  the  venturi  effect, 
the  fluid  in  cavity  1  38  of  bag  1  32  may  be  pressurized  or 

20  chamber  128  may  be  pressurized  outside  bag  132  to 
cause  the  first  fluid  to  flow  out  of  the  bag. 

When  the  additional  desired  amount  of  cement  has 
been  pumped,  a  third  or  top  plug  (not  shown)  may  be 
pumped  downwardly  in  a  manner  substantially  identical 

25  to  that  shown  in  FIG.  3  for  the  first  embodiment,  thus 
completing  the  cementing  operation. 

Third  Embodiment 

30  Referring  now  to  FIGS.  5A  and  5B,  a  third  embod- 
iment  of  the  apparatus  for  downhole  injection  and  mixing 
of  fluids  into  a  cement  slurry  of  the  present  invention  is 
shown  as  a  casing  string  portion  generally  designated 
by  the  numeral  1  70.  Casing  string  portion  1  70  is  part  of 

35  a  casing  string  172.  Casing  portion  170  is  substantially 
identical  to  that  in  the  second  embodiment  of  FIGS.  4A 
and  4B  and  includes  a  bag  1  32  in  a  chamber  1  28  defined 
by  case  1  1  6  and  mandrel  1  1  8  of  housing  1  1  4.  Vent  tube 
1  30  connects  chamber  1  28  with  well  annulus  1  41  . 

40  A  solenoid  valve  134  controlled  by  a  microproces- 
sor  1  36,  and  connected  thereto  by  a  connector  1  37,  may 
be  opened  to  place  cavity  138  in  bag  132  in  communi- 
cation  with  well  annulus  140  defined  between  casing 
string  72  and  wellbore  142.  The  only  difference  in  the 

45  apparatus  of  the  second  and  third  embodiments  is  that 
the  third  embodiment  includes  a  cementing  valve  174 
rather  than  casing  shoe  1  22.  Cementing  valve  1  74  is  of 
a  kind  known  in  the  art  and  includes  an  opening  sleeve 
176  slidably  disposed  within  a  body  178  defining  a  ce- 

50  menting  port  180  therein.  Above  cementing  port  180  is 
a  slot  1  82.  A  closing  sleeve  1  84  is  disposed  above  open- 
ing  sleeve  1  76  and  is  connected  to  an  outer  sleeve  1  84 
by  a  pin  188  extending  through  slot  182. 

In  FIG.  5B,  opening  sleeve  176  has  already  been 
55  moved  downwardly  to  an  open  position  to  provide  com- 

munication  between  a  central  opening  1  90  of  cementing 
valve  176  and  well  annulus  143.  Opening  sleeve  176  is 
opened  by  applying  pressure  to  central  opening  190  in 

5 
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a  manner  known  in  the  art.  The  portion  of  casing  string 
1  72  below  cementing  valve  1  74  is  closed  during  the  ce- 
menting  operation  in  a  manner  known  in  the  art. 

Once  the  desired  amount  of  cement  has  been 
pumped,  an  intermediate  plug  192  is  pumped  down- 
wardly.  A  diaphragm  1  94  insures  that  a  pressure  differ- 
ential  is  maintained  across  bottom  plug  192,  and  wiper 
rings  1  96  wipe  the  inner  surface  of  casing  string  1  72  as 
plug  192  is  pumped  downwardly. 

Eventually,  the  lower  end  of  plug  192  engages  a 
seat  1  98  on  closing  sleeve  1  84.  Additional  pressure  ap- 
plied  to  plug  1  92  will  rupture  diaphragm  1  94  so  that  ce- 
ment  passes  downwardly  through  the  plug  1  92  and  cen- 
tral  opening  190  of  cementing  valve  174  and  thus 
through  cementing  port  180  into  well  annulus  140. 

As  plug  192  lands,  microprocessor  136  senses  a 
signal  indicating  the  presence  of  plug  192  and  opens 
solenoid  valve  134  to  allow  the  accelerant  in  chamber 
138  of  bag  132  (and  thus  in  chamber  128)  to  flow  out 
into  the  well  annulus  and  mix  with  the  cement  therein. 
As  in  the  second  embodiment,  a  venturi  effect  is  created 
and/or  pressure  in  cavity  1  38  or  chamber  1  28  is  used  to 
cause  the  first  fluid  to  flow  out  into  the  cement  slurry.  As 
before,  a  piston  can  be  used  instead  of  bag  1  32. 

When  the  desired  amount  of  cement  has  been 
pumped,  a  top  plug  200  is  pumped  down.  Wiper  rings 
202  on  top  plug  200  wipe  the  cement  from  the  interior 
surface  of  casing  string  172  as  the  top  plug  moves 
downwardly.  Eventually,  top  plug  200  engages  the  up- 
per  end  of  bottom  plug  192.  Top  plug  200  has  a  solid 
upper  end  204  so  that,  as  additional  pressure  is  applied 
above  the  top  plug,  the  top  plug  and  bottom  plug  192 
will  force  closing  sleeve  184  in  cementing  valve  174  to 
be  moved  downwardly  and  thereby  shearing  shear  pin 
206.  Because  closing  sleeve  184  is  connected  to  outer 
sleeve  1  86  by  pin  1  88,  the  outer  sleeve  is  moved  down- 
wardly  to  sealingly  close  cementing  ports  180  to  termi- 
nate  the  cementing  operation. 

Fourth  Embodiment 

Referring  now  to  FIGS.  6  -  9,  a  fourth  embodiment 
of  the  apparatus  for  downhole  injection  and  mixing  of 
fluids  into  a  cement  slurry  of  the  present  invention  is 
shown  as  a  drillable  plug,  generally  designated  by  the 
numeral  208.  Plug  208  comprises  a  generally  non-me- 
tallic  housing  means  characterized  by  a  housing  210 
formed  by  a  composite  outer  case  212  and  a  composite 
inner  mandrel  214.  Case  212  has  a  substantially  cylin- 
drical  wall  portion  216  with  an  upper  end  218  having  an 
opening  220  therein. 

Mandrel  214  has  a  substantially  cylindrical  inner 
wall  portion  222  with  upper  and  lower  ends  224,  226.  As 
will  be  further  discussed  herein,  the  lower  end  226  of 
the  mandrel  214  is  connected  within  the  plug  208  at  a 
glued  or  threaded  connection  228.  The  upper  end  224 
is  glued  to  a  top  plate  230  with  non-rotation  teeth  232 
for  locking  in  place  with  a  top  plug  (not  shown)  having 

cooperating  teeth.  The  top  plate  232  is  received  in  the 
opening  220  of  the  case  212  and  is  glued  and  pinned 
therein. 

A  plurality  of  ports  234  are  defined  radially  through 
5  wall  222  of  mandrel  214  adjacent  to  the  lower  end  226 

thereof.  Ports  234  may  also  be  defined  as  housing  ports 
234.  Anon-metallic  (ie.  plastic)  orifice  block236  defining 
a  plurality  of  orifices  238  therein  is  preferably  disposed 
in  each  housing  port  234. 

10  It  will  be  seen  that  case  212  and  mandrel  214  of 
housing  210  define  a  chamber  240  within  the  housing 
210  which  is  in  communication  with  ports  234.  A  volume 
reduction  means,  such  as  an  elastomeric  bag  242,  is 
disposed  in  chamber  240.  Bag  242  substantially  fills 

is  chamber  240.  Thus,  bag  242  defines  a  variable  volume 
cavity  244  therein.  Orifice  blocks  236  are  actually  dis- 
posed  within  bag  242  such  that  they  are  in  communica- 
tion  with  cavity  244.  At  the  upper  end  of  bag  242  is  filling 
ports  246  which  extend  through  the  top  plate  230.  Thus, 

20  the  bag  242  may  be  filled  with  a  first  fluid,  such  as  a 
cement  accelerator. 

Mandrel  214  defines  a  central  opening  248  to  pro- 
vide  a  flow  passage  through  the  housing  210.  At  the  low- 
er  end  of  central  opening  248  is  a  bore  250. 

25  A  valve  sleeve  252  is  disposed  in  bore  250,  and 
when  in  the  first  position  thereof  shown  in  FIG.  6,  covers 
housing  ports  234.  A  sealing  means,  such  as  a  pair  of 
O-rings  254,  provide  sealing  engagement  between 
valve  sleeve  252  and  mandrel  214  on  longitudinally  op- 

30  posite  sides  of  ports  234. 
A  shearing  means,  such  as  a  shear  pin  256,  holds 

valve  sleeve  252  in  the  first  position  shown  in  FIG.  6.  As 
will  be  further  described  herein,  when  shear  pin  256  is 
sheared,  valve  sleeve  252  is  free  to  slide  upwardly  with- 

35  in  bore  250  of  mandrel  214.  At  this  point,  a  plurality  of 
valve  ports  258  in  valve  sleeve  252  are  moved  into  align- 
ment  with  corresponding  housing  ports  234.  Alternative- 
ly,  valve  ports  258  can  be  removed  thus  changing  the 
rate  at  which  a  fluid  will  be  drained  out  of  chamber  240 

40  and  variable  volume  cavity  244. 
Radially,  outwardly  extending  flanges  260  of  valve 

sleeve  252  are  moved  into  a  recess  262  defined  on  the 
bottom  of  the  plug  208.  In  this  position,  fluid  held  in  cav- 
ity  244  of  bag  242  (and  thus  held  within  chamber  240  of 

45  housing  210)  is  placed  in  communication  with  central 
opening  248. 

On  the  upper  outer  end  of  case  21  2  is  a  wiper  sleeve 
264  having  a  pair  of  wiper  rings  266  extending  radially 
outwardly  thereon.  At  the  lower  outer  end  of  case  212 

so  is  another  wiper  sleeve  268  having  a  pair  of  wiper  rings 
270  extending  radially  outwardly  thereon.  Wiper  sleeve 
264  may  be  identical  to  wiper  sleeve  268. 

A  diaphragm  272  is  threadably  held  in  place  by  a 
diaphragm  retainer  274  disposed  in  top  plate  230.  It  will 

55  be  seen  that  diaphragm  272  initially  closes  central  open- 
ing  248  to  fluid  flow. 

Referring  to  FIGS.  6,  8  and  9,  the  cylindrical  wall 
portion  216  of  the  case  212  includes  a  lower  end  276 

6 
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having  a  bottom  plate  278  mounted  therein  at  glued  and 
pinned  connections  280.  As  previously  mentioned,  the 
lower  end  226  of  the  mandrel  214  is  connected  to  the 
bottom  plate  278  at  connection  228.  The  bottom  plate 
278  has  a  bore  282  defined  therethrough  for  receiving 
the  valve  sleeve  252,  and  a  plurality  of  pockets  284 
which  provide  the  recess  262  for  receiving  the  extended 
flanges  260  therein.  Additionally,  a  plurality  of  teeth  286 
are  formed  on  a  lower  end  of  the  valve  sleeve  252  for 
locking  in  place  with  a  bottom  plug  (not  shown)  having 
cooperating  teeth. 

In  the  fourth  embodiment  of  the  present  invention, 
the  apparatus  utilizes  essentially  all  non-metallic  mate- 
rials,  such  as  engineering  grade  plastics,  resins,  or  com- 
posites.  The  plug  208  including  the  case  212,  mandrel 
214  and  wiper  rings  266,  270,  and  valve  sleeve  252  are 
preferably  constructed  of  composite  material  to  reduce 
weight  which  reduces  shipping  expenses  and  facilitates 
installation  at  the  rig,  to  reduce  manufacturing  time  and 
labor,  to  reduce  costs  and  to  improve  drillability  of  the 
apparatus  when  drilling  is  required  to  remove  the  appa- 
ratus  from  the  well  bore. 

Operation  Of  The  Fourth  Embodiment 

The  operation  of  the  fourth  embodiment  of  the 
present  invention  is  in  similar  manner  to  the  first  embod- 
iment  shown  in  FIG.  3.  A  casing  string  is  disposed  in  a 
wellbore  with  an  annulus  defined  therebetween.  The 
lower  end  of  casing  string  is  attached  to  a  casing  shoe 
of  a  kind  known  in  the  art  at  a  threaded  connection. 

Once  it  is  desired  to  begin  the  operation  for  cement- 
ing  the  outer  casing  annulus,  a  first  or  bottom  plug,  of  a 
kind  known  in  the  art,  is  pumped  downwardly  through 
the  casing  string.  A  plurality  of  wiper  rings  on  a  bottom 
plug  wipe  the  inside  surface  of  the  casing  string  free  of 
the  drilling  mud  or  other  fluids  that  were  already  present 
therein  and  sealingly  separates  the  mud  from  the  ce- 
ment  above  the  bottom  plug.  A  diaphragm  is  disposed 
in  the  bottom  plug  to  keep  the  cement  and  mud  from 
mixing  as  the  bottom  plug  is  pumped  down.  Eventually, 
the  bottom  plug  will  come  to  rest  on  the  float  shoe.  Ad- 
ditional  pressure  applied  to  the  bottom  plug  will  cause 
the  diaphragm  to  be  ruptured  so  that  the  cement  can 
flow  through  the  bottom  plug  and  thus  through  an  open- 
ing  in  the  casing  shoe  and  upwardly  into  annulus. 

After  an  initial,  desired  amount  of  cement  has  been 
pumped  down  the  casing  and  into  the  annulus  as  de- 
scribed,  plug  208  is  then  pumped  downwardly  on  top  of 
this  cement.  Above  plug  208  is  another  desired  amount 
of  cement.  Diaphragm  272  in  plug  208  insures  that  the 
pressure  applied  to  the  plug  208  will  continue  to  force  it 
downwardly. 

Eventually,  plug  208  will  reach  the  lower  plug.  At 
this  point,  the  bottom  of  valve  sleeve  252  will  contact  the 
top  of  the  bottom  plug.  This  will  cause  an  upward  force 
on  valve  sleeve  252,  shearing  shear  pin  256  to  move 
the  valve  sleeve  252  upwardly  to  its  second  position  in 

which  valve  ports  258  are  aligned  with  housing  ports 
234,  as  previously  described.  Also,  continued  pressure 
applied  on  top  of  plug  208  will  cause  diaphragm  272  to 
be  ruptured  so  that  cement  will  flow  downwardly  through 

5  central  opening  248.  It  will  be  understood  by  those 
skilled  in  the  art  that  the  velocity  of  the  cement  slurry 
through  central  opening  248  is  greater  than  it  is  through 
the  larger  diameter  casing  string.  This  causes  a  venturi 
effect  across  housing  ports  234  and  pressure  differential 

10  above  and  below  plug  208  which  is  thus  applied  across 
bag  242.  This  causes  the  bag  242  to  collapse,  reducing 
the  volume  thereof  and  forcing  the  accelerant  in  the  bag 
242  outwardly  through  housing  ports  234  and  aligned 
valve  ports  258  into  central  opening  248  to  be  mixed 

is  with  the  cement  slurry.  Thus,  the  accelerant  is  mixed 
with  the  cement  only  at  the  proper  accelerant  injection 
point. 

As  an  alternative  or  supplement  to  the  venturi  effect 
just  described,  the  first  liquid  in  cavity  244  of  bag  242 

20  may  be  pressurized  to  insure  that  it  flows  outwardly 
when  valve  sleeve  252  is  opened.  Also,  the  portion  of 
chamber  240  outside  bag  242  may  be  pressurized  to 
help  insure  that  the  fluid  in  the  bag  242  flows  outwardly 
and  the  bag  242  collapses. 

25  As  a  final  step  in  the  cementing  process,  a  third  or 
top  plug  is  pumped  downwardly  on  top  of  the  cement. 
Wiper  rings  wipe  the  cement  as  the  top  plug  moves 
downwardly.  Upper  end  of  the  top  plug  is  closed  so  that 
there  is  no  mixing  between  the  cement  slurry  below  the 

30  top  plug  and  the  fluid  pumped  thereabove.  Eventually, 
the  top  plug  will  come  to  rest  on  plug  208  to  complete 
the  cementing  operation. 

It  will  be  seen  that  in  each  of  the  embodiments,  the 
accelerant  in  the  cavity  in  the  housing  is  mixed  with  the 

35  cement  slurry  at  a  time  and  location  as  desired.  While 
presently  preferred  embodiments  of  the  apparatus  have 
been  shown  for  the  purposes  of  this  disclosure,  numer- 
ous  changes  in  the  arrangement  and  construction  of 
parts  may  be  made. 

40 

Claims 

1  .  Apparatus  for  injecting  fluid  into  a  wellbore,  the  ap- 
45  paratus  comprising:  housing  means  (12)  for  defin- 

ing  a  chamber  (36)  therein  and  a  port  (30)  in  com- 
munication  with  said  chamber  (36),  said  chamber 
(36)  being  adapted  for  holding  a  first  fluid  therein; 
valve  means  (50)  for  opening  said  port  (30)  such 

so  that  said  first  fluid  is  free  to  flow  out  of  said  chamber 
(36)  through  said  port  (30)  in  response  to  a  flow  of 
a  second  fluid  thereby;  and  wherein  a  portion  of  said 
valve  means  (50)  extends  below  said  housing 
means  (12)  such  that  when  said  valve  means  (50) 

55  engages  a  surface  therebelow,  said  valve  means 
(50)  is  forced  upwardly  to  open  said  port  (30). 

2.  Apparatus  according  to  claim  1  ,  wherein  said  hous- 

7 
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ing  means  (12)  is  characterized  by  a  housing  of  a 
plug  which  may  be  pumped  down  the  wellbore. 

3.  Apparatus  according  to  claim  1  or  2,  wherein  said 
housing  (12)  defines  a  flow  passage  (46)  through  s 
which  said  second  fluid  may  be  flowed;  and  said  first 
fluid  flows  into  said  flow  passage  (46)  when  said 
port  (30)  is  opened  by  said  valve  means  (50). 

4.  Apparatus  according  to  claim  1,  2  or  3,  wherein  said  10 
housing  means  (1  2)  is  made  at  least  partially  of  non- 
metallic  materials. 

5.  Apparatus  according  to  any  preceding  claim, 
wherein  said  valve  means  (50)  comprises  a  valve  15 
sleeve  (50)  disposed  on  said  housing  means  (12) 
and  movable  from  a  first  position  covering  said  port 
(30)  and  a  second  position  wherein  said  port  (30)  is 
uncovered. 

20 
6.  Apparatus  according  to  any  preceding  claim, 

wherein  said  valve  means  (50)  comprises  a  sole- 
noid  valve  (134)  and  the  apparatus  includes  a  mi- 
croprocessor  means  (1  36)  for  controlling  said  sole- 
noid  valve  (1  34)  in  response  to  a  signal.  25 

7.  Apparatus  according  to  any  preceding  claim, 
wherein  said  valve  means  (50)  is  made  at  least  par- 
tially  of  non-metallic  materials. 

30 
8.  Apparatus  according  to  any  preceding  claim, 

wherein  said  housing  means  (12)  and  valve  means 
(50)  are  made  at  least  partially  of  non-metallic  ma- 
terials. 

35 
9.  Apparatus  according  to  any  preceding  claims,  fur- 

ther  comprising  volume  reduction  means  (38)  for  re- 
ducing  a  volume  of  said  chamber  (36)  as  said  first 
fluid  flows  through  said  port  (30)  wherein  said  vol- 
ume  reduction  means  (38)  is  characterized  by  an  40 
inflatable  bag  (38)  disposed  in  said  chamber  (36) 
and  in  communication  with  said  port  (30). 

10.  Apparatus  according  to  any  one  of  claims  1  to  8, 
further  comprising  volume  reduction  means  (74)  for  45 
reducing  a  volume  of  said  chamber  (36)  as  said  first 
fluid  flows  through  said  port  (30)  wherein  said  vol- 
ume  reduction  means  (74)  is  characterized  by  a  pis- 
ton  (74)  slidably  disposed  in  said  chamber  (36)  and 
movable  in  response  to  a  pressure  differential  the-  so 
reacross. 

55 
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