
(54) IMPROVEMENTS IN OR RELATING TO WELL  TOOLS        (71)   We, FMC
CORPORATION, a cor-  ability to generate adequate force on the pack-
poration organized and existing under the laws  off by means of the
lockdown screws is limited, 50     of the State of Delaware, United States
of  and attempting to exceed this limit in order     America, of 1105
Coleman Avenue, San Jose,  to control these higher pressures by further 5
California, United States of America, do here-  turning the screws merely
embeds them in the     by -declare the invention, for which we pray
packoff or destroys them.     that a patent may be granted to us, and the
According to the present invention there is  55     method by which  it is
to be  performed, to  provided a well tool, comprising an annular.     be
particularly described in and by the follow-  primary body portion, an
annular secondary 10 ing statement:                                  body
portion axially spaced from said primary        This invention  relates to
well tools for  seal-  body portion, a resiliently deformable seal ring
ing or packing off the annular-section space  disposed between said primary
and secondary  60     between the well bore and the casing at the  body
portions, a junk ring intermediate said     well head.
seal ring and one of said body portions, and 15   In the process of
drilling a well for petro-  a pressure-responsive piston associated with
leum or other fluids, the hole or bore normally  said junk ring and
extending freely through     is lined with pipe to prevent it from caving,
a passage in said seal ring, the arrangement 65     preclude migration of
fluids from one earth  being such that force exterted on said piston
stratum to another, and avoid erosion of the  and said junk ring is
transferred to said seal 20  bore sufface by the fluids used in drilling as
ring in an amount per unit area higher than     well as the petroleum or
other fluids that are  the force per unit area exerted on said piston
ultimately produced. This lining, called the cas-  and said junk ring.
70     ing, is suspended or hung from a casing head    Further, according
to the present invention,     at the top of the well, and is secured at its
there is provided a well tool for packing off 25  lower end to the well
bore by cement. For  an annular-section space between a well head     one
reason or another, practically all wells are  and an inner concentric pipe
string, comprising     lined with two or more concentric strings of  an
annular primary body portion, an annular  75     casing, the outermost or
surface casing extend-  secondary body portion coaxial with and     ing
perhaps but a few hundred feet and the  spaced from said primary body
portion, a first 30  inner string or strings extending consecutively
resiliently deformable seal ring intermediate     further. Each of these
casing strings must be  said primary and secondary body portions, a
sealed fluid-tight to the casing head, and to  second resiliently
deformable seal ring in- 80     accomplish this a well tool, called a
packoff  termediate said first seal ring and said second-     and having
one or  more seal rings of rubber  ary body portion, a pair of junk rings
interme- 35  or other resiliently deformable material is posi-  diate said
seal rings, and a plurality of pistons     tioned or set in the head
surrounding the string  each of which is associated with a said junk
and then forced axially by tightening a series  ring and extends freely
through a respective  85     of lockdown screws until the seal rings exert
passage  in a said seal ring, said pistons, said     a pressure against the
head and casing higher  junk rings, and said seal rings being so interas-
40  than that -of the fluid to be contained.   sociated that when said
pistons and junk rings        Although  the prior art is replete with var-
are pressed toward said seal rings, said seal      ious packoffs, including
some that might func-  rings are subjected to a force higher per unit 90
tion quite satisfactorily where well pressures  area than that exerted on
said pistons and said      of average magnitude are involved, the pres-
junk rings. 45  sures encountered in the deep wells now being    Yet
further according to the present inven-      drilled often are so high,
such as 10,000  psi  tion, there is provided a well tool for packing
or more, as to  be beyond the sealing capabili-  off an annular-section
space between a well 95 



ties of the previously proposed devices. The  head and a well string,
comprising an annular           2                    1,274,693
2       rigid support element having inner and outer  a secondary  or lower
body portion  14,      radially spaced surfaces, said support element  a
pair of  rubber or otherwise resiliently      having at least one axial
bore intermediate its  deformable  seal rings  16, 18  adjacent      inner
and outer radially spaced surfaces, a resi-  the body portions  12, 14
respectively, a  5  liently deformable seal ring having inner and  pair of
annular support elements in the form  70      outer radially spaced
surfaces, and at least one  of rigid junk rings 20, 22 intermediate the
seal      axial bore intermediate its said inner and outer  rings 16, 18 a
number of pin-like pistons 24      radially spaced surfaces, an axial end
surface  extending through axial bores or other pas-      of the seal ring
facing one axial end surface  sages in the junk ring 20 and freely through
re- 10  of the support  element, and a piston extending  spective axial
bores or other passages  in the  75      into the respective bores in the
support element  seal ring 16, and an equal number of pin-like      and the
seal ring and retained therein, the ar-  pistons  26 extending from the
junk ring 22      rangement being such that, when the tool is  freely
through respective axial bores or other      in position in the said
annular-section space  passages in the seal ring 18. The passages in 15
and a pressure at a first force per unit area  the seal rings 16, 18 and in
the junk rings  80      is exerted axially against the other axial end  20,
22 are intermediate the inner and outer      surface of the support element
and an axial  radially spaced surfaces thereof. These ele-      end surface
of the piston, the said one axial  ments are held together in their
illustrated as-      end surface of the support element transmits  sembled
relationship by a plurality of circum- 20 said pressure to the end surface
of the seal  ferentially spaced cap screws 28 that slidably  85     ring at
a second force per unit area greater  extend through aligned holes in the
lower body     than said first force per unit area.       portion 14, the
seal rings 16, 18 and the junk        From another aspect according to the
present  rings 20, 22, into threaded engagement with     invention, there
is provided a method of pack-  the upper body portion 12. 25  ing an
annular-section space between a well    The packoff's upper body 12 has an
external 90     casing head and a tubular well string surround-  annular
groove 29 with a lower surface 30 that     ed thereby, comprising the steps
of installing  provides a bearing for lockdown screws 32     a resiliently
deformable seal ring and a rigid  (Figs. 2, 3 and 4) that extend through
the side     annular support element in the annular-section  wall of the
well casing head 34 to hold the 30  space circumscribing the well string, a
pre-  packoff in the casing head. A lateral port 36  95     sure-responsive
piston associated with the sup-  extends through the upper body 12 between
port element extending freely through a pas-  the groove 28 and the
packoff's bore 38, and     sage in the seal ring, axially compressing the
another port 40 extends through the casing     seal ring so that it
establishes a primary fluid-  head 34, to provide fluid communication be-
35  tight seal between the well string and casing  tween the interior of
the packoff and the out- 100     head, applying an axial force against the
sup-  side of the casing head, such as for circulation     port element and
the piston to bias the support  of well drilling fluid.     element against
the seal ring, and transmitting     When the packoff 10 is in place in a
casing     the force to the seal ring at a force per unit  head such as 34
(Fig. 2), it surrounds the top 40  area greater than the force per unit
area ap-  of a casing string 42 that is hung in the usual 105     plied
against the support element and piston.  manner in the casing head by a
hanger 44        An embodiment of the invention will now   with slips 46.
The packoff's lower body por-     be described, by way of example, with
refer-  tion 14 rests upon the hanger 44, so that when     ence to the
accompanying drawings, in which:  the lockdown screws 32 are threaded
inwardly, 45    Figure l is a perspective view of a well tool  thereby
applying a downward force on the  110     or packoff in accordance with the
invention,  packoff,  the seal rings 16, 18 are compressed     with a
portion of the packoff broken away to  and are deformed outwardly into
tight engage-     show the arrangement of the parts more clear-  ment with
the casing head 34 and the casing     ly;
42, establishing a fluid-tight seal therebetween; 50    Figure 2 is a
diametrical section through  such a seal being capable of withstanding  115
the packoff of Figure  1, installed between a  relatively low  pressures
only, for example     casing head and casing string  with lockdown  about
500 psi. This is the condition, indicated     screws applying sufficient
force to establish an  in Figures  2  and 3, that is established prior
intial seal between seal rings, a casing head,  to subjecting  the packoff
10 to greater pres- 55  and a casing string;
sures sufficient to activate its self-energizing  120       Figure 3 is a
fragmentary view, to an en-  function. 



larged scale, of the right-hand portion of:   The pistons 24 extend through
the upper     Figure 2; and                                  junk ring 20
and the seal ring 16 into bores,       Figure 4 is a view like Figure 3,
but showing  48 in the packoff's upper body 12, and in like 60  the
condition of the packoff when both seal-  manner the pistons 26 extend in
the  opposite 125     rings are compressed.
direction through lower junk ring 22: and the       Broadly considered,
and with reference to  lower seal  ring 18 into bores 50 in the pack-
the drawings, a preferred embodiment of this  off's lower body 14. The
pistons 24 preferably     invention  comprises a  packoff 10  with  are
spaced uniformly around the packoff, 65  a  primary  or upper body  portion
12,  thereby distributing their effect evenly, and in  130             3
1,274,693                                             3 similar fashion the
pistons 26 are spaced direct-  found to be a highly effective ratio for
very      ly opposite the pistons 24. The opposed axial  high well
pressures. However, it should be un-      end surfaces of the pistons 24,
26 are diametri-  derstood that other ratios are also within the      cally
enlarged to provide flange-like heads 24a,  scope of this invention,
dependent among other   5  26a, respectively, and these heads are counter-
things upon the nature of the composition of  70       sunk into the junk
rings 22, 20, so that they  the seal rings, the size of the packoff, and
the       do not conflict when the junk rings are abut-  well pressure
which is to be controlled. Lower       ting (Figs. 1-3). When the junk
rings 20, 22  ratios, such as 1.05 to 1, also have been found       have
substantially the same outer and inner  quite satisfactory for certain
conditions.  10  diameters, respectively, as those of the seal    The "self
-energizing":  action works equally  75       rings  16, 18  such  as is
illustrated  in   well if axial pressure is applied to just one       the
drawings, there is a  significant dif-  of the junk rings, i.e., in either
a downward       ference between  the size of the annular  direction as P2
(Fig. 4) against the junk ring       area made  up  of a  junk ring  and
its  22 and pistons 26, or an upward direction as   15  pistons compared
with the area of the seal  P3 against the junk ring 20 and its pistons  80
ring against which the  junk ring abuts, and  24. In the case of pressure
P2, the seal ring       this difference is the sum of the cross-sectional
16 derives no benefit from the pistons 24 since       area of the pistons.
Pressure acting on a piston  the pressure P2 would also be exerted against
exerts an axial force proportional to the cross-  the pistons' end faces
24b through port 54 to  20  sectional area of the piston body, which force
equalize the pressure exerted against the heads  85       is transferred to
the junk ring by means of  24a. However, since pistons 26 would be ex-
the piston retaining flange. Since this axial  posed to the pressure P2
only at their heads       force is transferred from the junk ring to the
26a, the pistons 26, the junk ring 22, and the       seal ring, the force
per unit area, or pressure  seal ring  18 would respond to this pressure
25  at the junk ring-seal ring interface, and hence  in the same way as
they respond to the pres-  90       the pressure exerted by the seal rings
against  sure P1. Hence, under the influence of the       the casing head
34 and the casing 42, is signifi-  pressure P2 the seal ring 18 will deform
as       cantly greater than the pressure applied to the  represented in
Figure 4 to establish a fluid-       piston and junk ring.
tight barrier between the casing head 34 and  30    In other words, when an
axial force towards  the casing 42, thereby preventing the pressure  95
the seal rings is applied to the junk rings and  P2 from passing by the
packoff 10.       their pistons, this force will not be increased,    In
the same manner, when a pressure P3       but will be opposed by an equal
and opposite   (Fig.  4) is  applied  in  an  axially  up-       axial
force exerted by the seal rings on the  ward  direction, such  as  a
pressure  in  35  junk rings. However, since the axial end sur-  the
annulus between the casing  head  34  100       face of the seal rings that
receives this force  and the casing 42, the seal ring 18 would       is
less in area size, by virtue of the piston  derive  no  benefit from  the
pistons  26       area, than the axial end area of the junk rings  since
the pressure P3  is exerted equally       and their pistons, the force per
unit area (or  against the piston heads 26a and their opposite   40
pressure) on the seal rings is greater than the  axial end surfaces 26b,
whereas the seal ring  105       force per unit area (or pressure) which
gener-  16 is self-energised just as when the the pres-       ates the
axial force on the junk rings and their  sure P1 is  applied thereto. This
results in a       pistons. Thus, it can be said that a truly "self-
fluid-tight carrier between the casing head 34       energizing" action is
achieved by the junk  and the casing 42 at the seal ring 16 to effec-   45
ring-pistons-seal ring assembly.                tively contain the pressure
P3 below the seal 110         Figure 4 illustrates the effect on the
packoff  ring 16. As will be apparent, it has been as-       10 when a
pressure Pl is introduced through  sumed that the pressures P2 and P3 are
higher       the casing head 34 via a lateral port 52, as  than the maximum
pressure capable of being       is commonly done in testing after the
packoff  withstood by the seal produced due to the 



50  is set in the casing head. The pressure P1,  force exerted by the
lockdown screws alone.    115       of course, acts equally on both junk
rings 20,    Among the several advantages of this embo-       22 in an
axial direction towards the seal  diment is that of the force required of
the       rings 16, 18 and likewise on the pistons 24, 26,  lockdown screw
to set the packoff in the casing       forcing the junk rings and their
pistons apart  head, it being necessary only to apply enough   55  axially,
and thereby compressing and deform-  initial force to effect a pressure
differential 120       ing the seal rings into tighter engagement  across
the seal rings 16, 18. In fact, a force       with the casing head 34 and
the casing string  of as little as 500 psi, or as low as five percent
42. If, for example, the effective exposed axial  of that normally required
with other packoffs,       end surface area of the junk rings 20, 22 and
has been found to be quite adequate to set   60  the heads 24a, 26a of the
pistons 24, 26, were  the packoff herein disclosed. This in turn sub- 125
104 square inches, and the resisting surface  stantially eliminates the
extensive deformation       area of the seal rings were 95 square inches,
of the packoff shoulders which occurs when       the resultant seal ring
pressure would be  the lockdown screws must be turned in to gen-
greater. than the applied pressure P1  by a fac-  erate seal pressure
greater than the liquid to   65  tor of 104/95, or 1.095/1. This has been
be contained.                                        130           4
1,274,693                                             4         Since  the
piston can move freely in an axial  said pistons are evenly spaced
circumferential-      direction with respect to the seal rings,  when  ly
about said junk rings.      pressure is applied against the junk rings and
6. A well  tool according to  any  one of claims      the pistons  in  an
axial direction tending to  2 to 5 wherein said pistons project through  5.
compress the seal rings between the junk rings  passages in  said  junk
rings, and  are retained      and the body  portions, this pressure is
opposed  therein by annular cap-like flanges.           70      by a seal
ring surface of less area than  the     7. A  well  tool  for  packing-off
an  annular-      surface against which the pressure is applied,  section
space between a well head and a well      and the seal rings exert a
proportionately  string, comprising an  annular rigid support 10  greater
pressure  against  the casing head and  element having  inner and outer
radially spaced     the casing. Hence, when the applied pressure  surfaces,
said support element having at least  75     is that of the well itself,
the seal rings establish   one axial bore intermediate its inner and outer
a fluid-tight barrier regardless of the pressure  radially spaced surfaces,
a resiliently deform-     magnitude.
able seal ring having inner and outer radially 15    Furthermore, once the
seal is established,  spaced   surfaces,  and  at least  one  axial     any
increase in  well pressure will act through   bore  intermediate  its  said
inner  and  80     the junk-piston-seal ring combination to pro-  outer
radially spaced surfaces, an axial end     portionately  increase  the
sealing  pressure,  surface of  the  seal ring facing  one axial end
thereby assuring that the seal between the cas-  surface of the support
element,  and a piston 20  ing head and the casing remains intact.
extending into the respective  bores in the sup-        WHAT WE CLAIM IS:-
port element and  the seal ring and  retained  85        1. A well tool,
comprising an annular pri-  therein, the arrangementbeing such that,  when
mary body portion, an annular secondary body  the tool is in position in
the said annular-sec-     portion axially spaced from said primary body
tion space and a pressure at the first force 25  portion, a resiliently
deformable seal ring dis-  per unit  area is exerted axially against the
posed between said primary and secondary  other axial end surface of  the
support element  90     body portions, a junk ring intermediate said  and
an axial end surface of  the piston, the     seal ring and  one of said
body portions,  said one axial end  surface of  the support ele-     and  a
pressure-responsive  piston  associa-  ment transmits said pressure  to the
end surface 30  ted  with  said  junk  ring  and  extending   of the seal
ring at  a second force per unit     freely through a passage in said seal
ring, the  are greater than said first force per unit area.   95
arrangement being such that force exerted on       8. A well tool according
to claim 7 wherein     said piston and said junk rings is transferred  the
support element and the seal ring have     to said seal  ring in  an amount
per unit  area  a like  plurality of coaxial bores, and a  like. 35  higher
than  the force per unit area exerted  plurality of pistons extend into
said  bores.     on said piston and said junk ring.                 9. A
well tool according to claim 7  or  claim  100        2. A well tool for
packing-off an annular-  8 including means for holding the support ele-
section space between a well head and an inner  ment and the seal ring
together.     concentric pipe string, comprising an  annular    10. A  well
tool according to any one  of 40  primary body portion, an annular
secondary   claims 7 to 9 wherein the piston is retained     body portion
coaxial. with and spaced from   within the 'bores of the support element
and  105 



said primary body portion, a first resiliently  of the seal ring by a
radial flange-like -head     deformable seal ring intermediate said primary
of greater cross-sectional area than that of  the     and secondary body
portions, a second resi-  bore  in the support element. 45  liently
deformable seal ring intermediate said    1l1. A  well tool according to
claim 10     first seal ring and said secondary body portion,   wherein
the bore  in the support  element   is 110     a pair of junk  rings
intermediate said seal  counterbored to receive the  piston head.
rings, and a plurality of pistons each of which   12. A well tool according
to any  one of     is associated with  a said junk  ring and extends
claims 7  to 11  wherein the magnitude X  of 50  freely through a
respective passage in a said  the area of the  said other axial end
surface     seal ring, said pistons, said junk rings, and said  of the
support  element plus the  area of  the  115     seal rings being so
interassociated that when  radial  end surface  of the piston is greater
than     said pistons and junk rings are pressed toward  the magnitude Y of
the  area of the end surface     said seal rings, said seal rings are
subjected  of theseal ring. 55  to a force higher per unit area than that
extert-    13. A well tool according to  claim 12 where-     ed on said
pistons and said junk -rings.        in the ratio of  magnitude X  to
magnitude  Y  120       3. A well tool according to claim 2 wherein  is at
least  1.05 to 1.     each of said junk rings has a plurality of pis-
14. A well tool according to claim 13  where-     tons associated
therewith.                      in the ratio is 1.095 to 1. 60    4. A well
tool according  to claim 3 wherein    15. A method of packing an
annular-section     the pistons associated with one junk ring are  space
between a wall  casing head and  a  tubular. 125     axially opposed to the
pistons associated  with  well string surrounded thereby, comprising  the
the other junk ring.                            steps of installing a
resiliently deformable seal       5. A well tool according to claim 4
wherein  ring and a rigid annular support element in              4
1,274,693                                            4        Since the
piston can move freely in an axial  said pistons are evenly spaced
circumferential-     direction with respect to the seal rings, when  ly
about said junk rings.     pressure is applied against the junk rings and
6. A well tool according to any one of claims     the pistons in an axial
direction tending to  2 to 5 wherein said pistons project through 5
compress the seal rings between the junk rings  passages in said junk
rings, and are retained     and the body portions, this pressure is opposed
therein by annular cap-like flanges.     70     by a seal ring surface of
less area than the    7. A well tool for pack-ing-off an annular-
surface against which the pressure is applied,  section space between a
well head and a well     and the seal rings exert a proportionately
string, comprising an annular rigid support 10  greater pressure against
the casing head and  element having inner and outer radially spaced     the
casing. Hence, when the applied pressure  surfaces, said support element
having at least 75     is that of the well itself, the seal rings establish
one axial bore intermediate its inner and outer     a fluid-tight barrier
regardless of the pressure  radially spaced surfaces, a resiliently deform-
magnitude.                                     able seal ring having inner
and outer radially 15    Furthermore, once the seal is established,  spaced
surfaces, and  at least one axial     any increase in well pressure will
act through   bore  intermediate  its  said  inner  and  80     the
junk-piston-seal ring combination to pro-  outer radially spaced surfaces,
an axial end     portionately  increase the  sealing  pressure,  surface of
the seal ring facing one axial end     thereby assuring that the seal
between the cas-  surface of the support element, and a piston 20  ing head
and the casing remains intact.      extending into the respective bores in
the sup-       WHAT WE CLAIM IS: -                          port element
and the seal ring and retained  85       1. A well tool, comprising an
annular pri-  therein, the arrangement being such that, when     mary body
portion, an annular secondary body  the tool is in position in the said
annular-sec-     portion axially spaced from said primary body  tion space
and a pressure at the first force 25  portion, a resiliently deformable
seal ring dis-  per unit area is exerted axially against the     posed
between said primary and secondary  other axial end surface of the support
element  90     body portions, a junk ring intermediate said  and an axial
end surface of the piston, the     seal ring and one of said body portions,
said one axial end surface of the support ele-     and  a
pressure-responsive  piston  associa-  ment transmits said pressure to the
end surface 30  ted  with  said  junk  ring  and  extending   of the seal
ring at a second force per unit 



freely through a passage in said seal ring, the  are greater than said
first force per unit area.   95     arrangement being such that force
exerted on   8. A well tool according to claim 7 wherein     said piston
and said junk rings is transferred  the support element and the seal ring
have     to said seal ring in an amount per unit area  a like plurality of
coaxial bores, and a like 35  higher than the force per unit area exerted
plurality of pistons extend into said  bores.     on said piston and said
junk ring.               9. A well tool according to claim 7 or claim  100
2. A well tool for packing-off an annular-  8 including means for holding
the support ele-     section space between a well head and an inner  ment
and the seal ring together.     concentric pipe string, comprising an
annular    10. A  well tool according to any one of 40  primary body
portion, an annular secondary  claims 7 to 9 wherein the piston is retained
body portion coaxial with and spaced from   within the bores of the support
element and  105     said primary body portion, a first resiliently  of the
seal ring by a radial flange-like head     deformable seal ring
intermediate said primary  of greater cross-sectional area than that of the
and secondary body portions, a second resi-  bore in the support element.
45  liently deformable seal ring intermediate said    11. A  well tool
according to claim  10     first seal ring and said secondary body portion,
wherein the bore in the support element is 110     a pair of junk rings
intermediate said seal  counterbored to receive the piston head.     rings,
and a plurality of pistons each of which  12. A well tool according to any
one of     is associated with a said junk ring and extends  claims 7 to 11
wherein the magnitude X of 50  freely through a respective passage in a
said  the area of the said other axial end surface     seal ring, said
pistons, said junk rings, and said  of the support element plus the area of
the 115     seal rings being so interassociated that when  radial end
surface of the piston is greater than     said pistons and junk rings are
pressed toward  the magnitude Y of the area of the end surface     said
seal rings, said seal rings are subjected  of the seal ring. 55  to a force
higher per unit area than that extert-    13. A well tool according to
claim 12 where-     ed on said pistons and said junk rings.      in the
ratio of magnitude X to magnitude Y  120       3. A well tool according to
claim 2 wherein  is at least  1.05 to 1.     each of said junk rings has a
plurality of pis-    14. A well tool according to claim 13 where-     tons
associated therewith.                     in the ratio is 1.095 to 1. 60
4. A well tool according to claim 3 wherein    15. A method of packing an
annular-section     the pistons associated with one junk ring are  space
between a wall casing head and a tubular 125     axially opposed  to the
pistons associated with  well string surrounded thereby, comprising the
the other junk ring.                           steps of installing a
resiliently deformable seal       5. A well tool according to claim 4
wherein  ring and a rigid annular support element in          5
1,274,693                                           5     the
annular-section space circumscribing the    16. A method according to claim
15 wherein     well string, a pressure-responsive piston asso-  the axial
force applied against the support ele-  15     ciated with the support
element extending   ment is provided by fluid pressure in the annu-
freely through a passage in the seal  ring, axially  lar-section space. 5
compressing the seal ring so that it establishes    17. A well tool
substantially as hereinbefore     a primary fluid-tight seal between the
well  described with reference to the accompanying     string and casing
head, applying an axial force  drawings.
20     against the support element and the piston to     bias the support
element against the seal ring,      MATHISEN & MACARA, 10  and transmitting
the force to the seal ring at          Chartered Patent Agents,     a force
per unit area greater than the force            Lyon House, Lyon Road,
per unit area applied against the support ele-             Harrow,
Middlesex.     ment and piston.
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the Patent Office, 25 Southampton Buildings, London, WC2A lAY, from
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