
EP 0 435 430 B1                2 Description
downhole location and allowing volume changes re- sponsive to abnormal
pressures at the downhole lo- The present invention relates to an improved
cation. method of and apparatus for the protection of well    The present
invention thus relates to an im- components from damage due to being
exposed to   5   proved method of and apparatus for protecting down-
excessive pressure resulting from the downhole en-  hole equipment from
damage caused by changes in vironment in which they are to operate.
the environment of the well in which they are posi- US_A-462,663 discloses
the use of a volume    tioned, in the downhole location. It involves the
use compensating material on the interior of a firsttubular  of a volume
compensating material which is prese- member which is to have a second
tubular member  10  lected to resist the normal hydrostatic pressure of the
pressure formed into a grooved surface on the interior  downhole location
to which it is exposed, but when of the first tubular memberat an
underwaterlocation.  conditions at the downhole location change, such as
The volume compensating material is utilized to ex-  an increase in
pressure above the normal hydrostatic dude water from the grooves so that
it will not create  pressure which would result from temperature in- a
hydraulic lock preventing proper deformation of the   15  creases of the
fluid confined in the annulus from the second tubular member into sealing
and gripping en-  heating of the liquid by the well fluids flowing thereby
gagementwithin the grooves on the interiorof thefirst  from lower depths of
the well. Such material functions tubular member. One material suggested
for this vol-  to allow volume which prevent pressure increases ume
compensating material is a plurality of micro-  that would damage the
downhole equipment The ap- spheres held in an epoxy matrix.              20
paratus includes the use of a preselected volume This type of material is
designed to function to  compensating material in surrounding relation to a
cause the microspheres to rupture upon the applica-  well string which is
positioned within a well and is sur- tion of pressure and allow the entry
therein of any  rounded by another string which well fluids contained
trapped liquid and to crush at excessive forming pres-  in the annulus
between the two strings. Another form sures to thereby allow the completion
of the pressure  25  of apparatus is the inclusion of a preselected volume
forming. Another reference making similar sugges-  compensating material in
the surface of a resilient tions is US-A-4,593,448.
well string seal between the upper and lower lip seals A recently issued
US-A-4,869,535 discloses the  to protect the resilient seal from being
subjected to use of such volume compensating material in a down-  excessive
pressure which could create pressures re- hole environment, particularly in
an annular chamber  30  leasing the metal lip seals or cause the resilient
seat into which an annular piston moves responsive to  to be extruded from
its desired sealing position. pressure. In this patentthevolume
compensating ma-   The present invention will now be explained with tenal
functions to exclude fluids which might prevent  respect to the drawings
wherein: the desired movement of the piston and allows such    FIGURE 1 is
an elevation view of a subsea well movement by the crushing of the material
responsive   35  illustrating the environment to which the present in- to
the pressure force exerted thereon by the pres-  vention applies. sured
piston.                                         FIGURE 2 is a sectional
view of the well illustrat- According to the present invention, a method of
ing the improved apparatus of the present invention protecting well
equipment from pressure surges in a  as applied to a string in the downhole
environment il- downhole location includes the steps of securing a   40
lustrated in FIGURE 1. volume compensating material to a portion of the
well  FIGURE 2A is an enlarged detail sectional view equipment so that the
volume compensating material  of a portion of the inner string to which the
Improved is exposed to well pressures at the downhole location,  apparatus
of the present invention has been applied the volume compensating material
having sufficient  as shown in FIGURE 2. resistance to withstand normal
head pressures within  45  FIGURE 3 is a sectional view of an improved an-
the downhole location but rupturing responsive to  nulus seal having both
upper and lower metal lip seals pressures above such normal head pressures,
and   and an intermediate resilient seal with the invention lowering the
well equipment in the well to the down-  incorporated therein. hole
location.                                        FIGURE 4 is another
sectional view of a modif led The invention also includes apparatus for
pro-  50  form of the seal shown in FIGURE 3. tecting well equipment from
pressure surges in a      As shown in FIGURE 1, a subsea well 10 is illu-
downhole location, the apparatus comprising a body  strated and includes
the usual wellhead production forming a partof the well equipment and
having a sur-  equipment 12 with outer wellhead casing 14 extend- face
exposed to well fluids in a downhole location,  ing downward in well 10.
Casing string 16 is posi- and an annular ring of volume compensating
material  55  tioned within wellhead casing 14 and extends down- positioned
on the body surface exposed to well fluids,  wardly therein as shown.
Within.casing string 16, the volume compensating material having a resis-
string 18, which is a production string, extends down- 



tance to sustain normal fluid head pressures at the  wardly within casing
string 16 and the present inven- 2
_    3                   EP 0 435 430 B1                 4 tion is provided
in surrounding relationship to either  With the volume compensating
material half sec- casing string 16 or string 18 to protect them from
tions 26 positioned as shown in FIGURE 2 and 2A, physicaldamageasa resultof
an increase in the pres-  any substantial increase in the temperature of
the flu- sure conditions in the annulus which conditions are  ids in
annulus 20 will cause the pressure to increase above those pressures
normally expected as a-result   5   above the predetermined maximum desired
pressure of the head of liquid under which they operate. Such  to be
contained in annulus 20. With the volume com- conditions can result from
the production of hot pro-  pensating half sections26 being exposed
tothefluids duction fluids which cause the annulus fluids sur-  at such
pressure the microspheres will start to rup- rounding the production string
18 to become heated  ture providing a volume for the fluids from which they
and in the normal subsea production equipment, the   10  had previously
been excluded and thus, reduce the added heating of the annulus fluids
creates an in-  pressure within annulus 20 to the level of the prese-
crease in the pressure in the annulus since such   lacted maximum desired
pressure. Since half sec- equipment does not have anyway in which tovent
the  tions 26 have the capability of greatly increasing the annulus short
of reworking the wellhead production  available volume for the annulus
fluids, the bursting unit.                                         15  of
the microspheres due to overpressure will cause a In solving this problem
of compensating forthe in-  corresponding increase in volume and the conse-
crease in pressure in the annulus 20 resulting from  quent reduction of
pressure. the heating, eitherfrom the production fluids or other  Another
application of the present invention is to sources in the well, it is
preferred to provide a volume  an annulus seal as illustrated in two
embodiments compensating material positioned in the annulus hav-  20  shown
in FIGURES 3 and 4. Annulus 40 is between ing sufficient collapsible volume
to prevent any in-  the exterior surface of inner tubular member 42 and
crease of the annulus pressure to a damaging level.  the interior surface
of outer well member44. Seal as- it should be noted that excessively high
annulus pres-  sembly 46 is lowered into position in annulus 40. Seal sures
may damage either the interior string 22 or the  assembly 46 includes seal
body 48 having outer di- exterior string 24 or both. As shown in FIGURE 2
and   25  verging lips 50 and 52 with resilient seal 54 between 2A, it is
preferred that the volume compensating ma-  lips 50 and 52 and a suitable
inner seal such as seal terial e provided on the exterior of the interior
string  rings 56, lower setting ring 58 supported from body 22 and is
applied in half cylindrical sections 26 which  48 and movable with respect
thereto, upper setting are held in surrounding relationship to interior
string  ring 60 which is supported from and movable with re- 22 by bands
28. End bands 30 are positioned around   30  spect to body 48 and actuator
62 which can be rotated the upper and lower ends of the uppermost and the
to cause setting rings 58 and 60 to be moved toward lowermost half sections
to secure the sections in their  each other to cause lips 50 and 52 to move
outward desired position longitudinally on thesection 32 of the  to their
set position. Resilient seal 54 is of a suitable interior string 22. Skin
34 is positioned on the exterior  resilient material which is impervious to
the well fluid of half sections 26 and is provided to protect half sec-  35
encountered in annulus 40. Ring 64 of volume com- tions 26 during the
lowering of interior string 22 into  pensating material is positioned in
groove 66 in the position. Itshould be noted that skin 34 may bea met-
exterior of resilient seal 54.It is preferred thatthe ma- al sheath or a
plastic skin which protects the volume  terial of ring 64 be such that any
fluids trapped be- compensating half sections 26 from damage during   tween
lips 50 and 52 afterthey are setwill cause col- lowering of string 22.
Further skin 34 should be por-  40  lapse of the material, such as the
collapse of micro- ous or have sufficient openings or pores therein to al-
spheres in the preferred materials, to preventthe gen- low ready access of
the annulus fluids to the interior  eration of excessive pressures
resulting from a heat- of the volume compensating material. Generally, the
ing of the fluids or from other reasons causing such preferred volume
compensating material for use in  pressure increase. the present invention
is microspheres in anepoxyma-  45  A modified form of annulus seal is
illustrated in trix with the material being selected to withstand the
FIGURE 4 wherein seal assembly 70 includes a normally expected annulus
pressures to which it will  structure similar to seal assembly 46 Including
body be exposed. The pressure rating of such materials is  71 with external
diverging lips 72 and 74 with resilient readily achieved by known methods.
It should be un-  seal 76 includes upper ring 78 and lower ring 80 be-
derstood that any other suitable type of volume com-   o  tween lips 72 and
74. Ring 82 of volume compensat- pensating material which can be provided
with a suit-  ing material is positioned in a space between upper able
structure to withstand the normally expected an-  ring 78 and lower ring
80. Ring 82 includes a plurality 



nulus pressures and still have substantial volume re-  of radial passages
84 communicating from the exter- duction responsive to excessive pressure
to cause  ior of ring 78 to axial passages 86. Passages 84 and such
pressure to be reduced and preventing them   55  86 are provided to ensure
that the fluids trapped be- from causing damage to either of the strings
forming  tween lips 72 and 74 have access to the collapsed mi- the inner
and outer boundaries of the annulus may be  crospheres when an excessive
pressure has been en- provided.
countered. 3    5                   EP 0 435 430B1                 6 The
volume compensating material used with the  8. An apparatus according to
claim 6 or claim 7, annulus seals is preferred to be the microspheres in
wherein the equipment is a well string (22) and an epoxy matrix previously
described with reference  the volume compensating material (26) is instal-
to cylindrical half sections 26.                      led on the exterior
of the well string. 5 9. An apparatus according to claim 6 or claim 7,
Claims                                                wherein the equipment
is a pair of concentric well strings (22,24) having an annular space (20)
1. Amethod of protecting well equipmentfrom pres-    therebetween, and the
volume compensating sure surges in a downhole location including the   10
material (26) is installed on one of the strings (22) steps of securing a
volume compensating mate-     and exposed to the annular space. rial
(26,64,82) to a portion of the well equipment (22,54,70) so that the volume
compensating ma-  10. An apparatus according to claim 6 or claim 7, terial
is exposed to well pressures at the down-  wherein the equipment is an
annular seal (46) hole location, the volume compensating material  15
having an upper metal seal (50) lip, a lowermetal having sufficient
resistance to withstand normal  seal lip (52) and an intermediate resilient
seal head pressures within the downhole location but   ring (54) with a
recess (66) in the exterior surface rupturing responsive to pressures above
such      of the resilient seal ring, and the volume compen- normal head
pressures, and lowering the well      sating material (64) is installed in
the resilient equipment in the well to the downhole location.   20  seal
recess. 2. A method according to claim 1, including the step of providing a
protective, porous surface (34) for  Patentansprflche protecting the volume
compensating material (2S) from normal pressure encountered at the   25  1.
Verfahren zum Schutz von Bohrausr~istungen downhole location.
vor sprungartigen Druckanstiegen vor Ort inner- halb cines Bohrloches
gekennzeichnet durch Be- 3. Amethod according to claim I orclaim 2, wherein
festigung eines volumenausgleichenden Mater- the volume compensating
material (26) Is applied  als (26, 64, 82) an einem Abschnitt der Bohraus-
to the exterior of a well string (22) prior to its being   30  rostung (22,
54,70), so daB das volumenausglci- lowered into the well.
chende Material Bohrdrrcken im Bohrloch aus- gesetzt ist, wobei das
volumenausgleichende 4. A method according to claim 1, wherein the vol-
Material genfigend Widerstandsverm6gen be- ume compensating material (64) I
provided In a    sitzt, um den normalen Spitzendrflcken vor Ort recess (66)
in the surface of a resilient seal (54).  35  im Bohrloch standzuhalten,
jedoch in Reaktion auf DrLicke oberhalb solcher normalen Spitzen- 5.
Amethod according to claim 4, wherein the resil-   drflcke nachgibt, und
durch Absenken der Bohr- lent seal (54) is positioned between an upper lip
ausrflstung vor Ort im Bohrloch absenkt. seal (50) and a lower lip seal
(52). 4o  2. Verfahren nach Anspruch 1, .gekennzeichnet 6. An apparatus for
protecting well equipment from    durch das Schaffen einer schfitzenden,
porasen pressure surges in a downhole location, the ap-   FlAche (34) zum
Schutz des volumenausglei- paratus comprising a body forming a part of the
chenden Materials (26) vor dem vor Ort im Bohr- well equipment (22,54,70)
and having a surface    loch auftretenden normalen Druck. exposed to well
fluids in a downhole location, and   45 an annular ring of volume
compensating material  3. Verfahren nach Anspruch I oder 2, dadurch  -
(26,64,82) positioned on the body surface ex-     kennzelchnet, dacl das
volumenausgleichende posed to well fluids, the volume compensating
Material (26) an derAulenseite eines Rohrstran- 



material having a resistance to sustain normal    ges (22) vor seinem
Absenken in das Bohrloch fluid head pressures at the downhole location   5o
angebracht wird. and allowing volume changes responsive to pres- sures
higher than such normal fluid head pres-  4. Verfahren nach Anspruch 1,
dadurch gekenn- sures at the downhole location.                   zeichnet,
daB das volumenausgilichende Mate- rial (64) in einerAusnehmung (66) in
derOberf ii- 7. An apparatus according to claim 8, wherein the  55  che
elner elastischen Dichtung (54) angeordnet volume compensating material
consists of micro-   ist. spheres in a matrix of epoxy. 5. Verfahren nach
Anspruch 4, dadurch gekenn- 4    -  --     - -   -------- 5
EP043543081                    6         C   L The volume compensating
material used with the  S. An apparatus according to claim 6 or claim 7,
annulus seals is preferred to be the microspheres in  wherein the equipment
is a well string (22) and an epoxy matrix previously described w.-th
reference  the volume compensating material (26) is instal- to cylindrical
half sections 26.                      led on the exterior of the well
string. 5 9. An apparatus according to claim 6 or daim 7, Claims
wherein the equipment is a pair of concentric well strings (22,24) having
an annular space (20) 1. Amethod of protecting well equipmentfrom pres-
therebetween, and the volume compensating sure surges in a downhole
location including the   10  material (26) is installed on one of the
strings (22) steps of securing a volume compensating mate-     and exposed
to the annular space. rial (26,64,82) to a portion of the well equipment
(22,54,70) so that the volume compensating ma-  10. An apparatus according
to claim 6 or claim 7, terial is exposed to well pressures at the down-
wherein the equipment is an annular seal (46) hole location, the volume
compensating material  15  having an upper metal seal (50) lip, a lower
metal having sufficient resistance to withstand normal  seal lip (52) and
an intermediate resilient seal head pressures within the downhole location
but   ring (54) with a recess (66) in the exterior surface rupturing
responsive to pressures above such       of the resilient seal ring, and
the volume compen- normal head pressures, and lowering the well      sating
material (64) is installed in the resilient equipment in the well to the
downhole location.   20  seal recess. 2. A method according to claim 1,
including the step of providing a protective, porous surface (34) for
Patentanspriiche protecting the volume compensating material (2S3) from
normal pressure encountered at the   2s  1. Verfahren zum Schutz von
Bohrausrustungen downhole location.                                 vor
sprungartigen Druckanstiegen vor Ort inner- halb eines Bohrloches
gekennzeichnet durch Be- 3. Amethod according to claim I or claim 2,
wherein  festigung sines volumenausgleichenden Materi- the volume
compensating material (26) Is applied   als (26, 64, 82) an einem Abschnitt
der Bohraus- to the exteriorof a well string (22) priorto its being   30
rOstung (22, 54,70), so daS das volumenausgiel- lowered into the well.
chende Material Bohrdricken im Bohrloch aus- gesetzt 1st, wobei das
volumenausgleichende 4. A method according to claim 1, wherein the vol-
Material genugend Widerstandsverm8gen be- ume compensating material (64) is
provided in a   sitzt, urn den normalen Spitzendricken vor Ort recess (66)
in the surface of a resilient seal (54).  35  im Bohrloch standzuhalten,
jedoch in Reaktion auf Dr(cke oberhalb soicher normalen Spitzen- 5. A
method according to claim 4, wherein the resil-  drOcke nachgibt, und durch
Absenken der Bohr- ient seal (54) is positioned between an upper lip
ausrOstung vor Ort im Bohrloch absenkt. seal (50) and a lower lip seal
(52). 40  2. Verfahren nach Anspruch 1, gekennzeichnet 6. An apparatus for
protecting well equipment from    durch das Schaffen einer schutzenden,
porosen pressure surges in a downhole location, the ap-   Fliche (34) zum
Schutz des volumenausgiel- paratus comprising a body forming a part of the
chenden Materials (26) vor dem vor Ort im Bohr- 



well equipment (22,54,70) and having a surface    loch auftretenden
normalen Druck. exposed to well fluids in a downhole location, and   45 an
annular ring of volume compensating material  3. Verfahren nach Anspruch I
oder 2, dadurch go- (26,84,82) positioned on the body surface ex-
kennzeichnet, dag das volumenausgleichende posed to well fluids, the volume
compensating     Material (26) an derAuBenseite elnes Rohrstran- material
having a resistance to sustain normal     ges (22) vor seinem Absenken in
das Bohrloch fluid head pressures at the downhole location   50  angebracht
wird. and allowing volume changes responsive to pres- sures higher than
such normal fluid head pres-  4. Verfahren nach Anspruch 1, dadurch gekenn-
sures at the downhole location.                   zeichnet, dal das
volumenausgleichende Mate- rial (64) in einerAusnehmung (66) in der
Oberflia- 7. An apparatus according to claim 6, wherein the  55  che einer
elastischen Dichtung (54) angeordnet volume compensating material consists
of micro-   isLt spheres in a matrix of epoxy. 5. Verfahren nach Anspruch
4, dadurch gekenn- 4    7                  EP 0 435 430 B1                8
11111 11111 11111 J~ll 11111 *C   L  M   S zeichnet, daB die elastische
Dichtung (54) zwi-  consistent a fixer un materiau compensateur de schen
einer oberen Lippendichtung (50) und ei-   volume (26, 64, 82) sur une
partie de l'quipe- ner unteren Lippendichtung (52) angeordnet ist.  ment de
puits (22, 54, 70) de telle sortb que le materiau compensateur de volume
soft expose 6. Vorrichtung zum Schutz einer Bohrausrustung   5   aux
pressions de puits existant au niveau de l'em- vor sprungartigen
Druckanstiegen vor Ort inner-  placement de fond de puits, le materiau
compen- halb eines Bohrloches, gekennzeichnetdurch ei-   sabeurdevolume
ayantune resistance suffisante nen Korper, der einen Teil der
Bohrausruistung   pour r6sistbr A des pressions de tfte normales A (22, 54,
70) bildet und sine den Bohrfluiden vor  l'int6rieurde l'emplacement defond
de puits mais Ort im Bohrloch ausgesetzte Oberflache besitzt,  10  se
rompant en r6ponse A des presslons situ6es und durch ein Ringteil aus
volumenausgiolchen-   au-dessus desdites pressions de tete normales, dem
Maerial (26, 64, 82), des an der Oberflache  et A abaisser l'equipement de
puits dens le puits des Korpers, die den Bohrfluiden ausgesetzt ist,
jusqu'A l'emplacement de fond de puits. angeordnet ist, wobei des
volumenausgleichen- de Material ein Widerstandsverm5gen besitzt,  15  2.
Procede selon la revendication 1, comportent um den normalen Spitzendrucken
des Fluides       I'ftpe consistent Afournirune surfacede protc- vor Ort im
Bohrloch zu widerstehen und Volu-     tion porouse (34) pour proteger le
materiau menAnderungen in Reaktion auf DrOcke, die ho-    compensateur de
volume(26)vis a vis de la pres- her sind als solche normalen Spitzendrucke
des   sion normale rencontree au niveau de l'emplace- Fluides vor Ort im
Bohrloch zu ermoglichen.  20  ment de fond de puits. 7. Vorrichtung nach
Anspruch 6, dachurch go-     3. Procde selon la revendication I ou 2 dans
lequel kennzelchnet, daB das volumenausgloichende       Is materiau
compensabeurde volume (26) est ap- Material aus Mikrokugeln in einer
Epoxidharz-    pliqu6 sur l'extefieur de la ligne de puits (22) Meatrix
besteht.                         25      avant d'etre abaisse jusque dans
le puits. 8. Vorrichtung nach Anspruch 6 oder 7, dadurch   4. Procede selon
la revendication 1, dans lequel le gekennzolchnet, daB die AusrOstung ein
Rohr-     materiau compensabeurde volume (64) est agen- strang (22) ist und
das volumenausgleichende     ce dans une cavite (66) sitube dans la surface
Material (26) an der AuSenseke des Rohrstran-  30  dun joint elastique
(54). ges angeordnet ist. 5. Procede selon la revendication 4, dans lequel
Is 9. Vorrichtung nach Anspruch 6 oder 7, dadurch      joint 6lastique (54)
est positionn6 entre un joint A gekennzelchnet, dae die Ausrfistung aus
einem    levre superieur (50) et un joint A levre inf~rieur Peer von
konzentrisch angeordneten Rohrstran-  35  (52). gen (22, 24) mit einem
ringfbrmigen Raum (20) zwischen diesen besteht, und das volumenaus-  6.
Dispositif pour prot6ger rlquipoment de puits vbm gleichende Material (26)
an einem der StrAnge    A vie de pointes de pression dons un emplace- (22)
angebracht ist und in den ringformigen      ment deo fnd de puits, Is
dispositifcomportent un 



Raum weist.                              40      corps constituent une
partie de l'equipement de pults (22, 54, 70) et ayant une surface exposee
10. Vorrichtung nach Anspruch 6 oder 7, dadurch     aux fluides de puits
dens un emplacement de gekennzeichnet, dag die Ausristung eine ring-
fond de puits, et un anneau circulaire de mateiiau formige Dichtung (46)
mit einer oberen metalli-  compensatbur de volume (26,64, 82) posKionne
schen Dichtlippe (50) und einer unteren mOtalli-  45  sur la surface du
corps exposee aux fluides de schen Dichtlippe (52) sowie einem dazwischen-
puits, le materiau compensabeurde volume ayant liegenden elastischen
Dichtring (54) mit einer   une resistance destinee A soutonir des pressions
Aussparung (66) in der AuSenfliche des elasti-   normales de tWe de flulde
au niveau de lempla- schen Dichtringes ist und das volumenausglel-
cement de fond de puits et A permettre des chan- chende Material (64) in
der Aussparung der ela-  5o  gements de volume en reponse A des pressions
stischen Dichtung angeordnet let.                plus blevees quo de toles
pressions normales de t~te de fluide au niveau de l'emplacement de fond de
puits. Revendications 55  7. Dispositif selon la revendication 6, dans
loquel le 1. Procede de protection d'un equipement de puits   materiau
compensateur de volume est constitue vie A vie de pointes de pression dans
un empla-  de micro-spheres sKuees dans une matrics en cement de fond de
puits comportent les etapes    epoxy. 5 ., .. .. . s E.,< ... x . , ...
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101                       1l* 8. Dispositif selon la revendication 6 ou 7,
dans le- quel l'quipement est une ligne de puits (22) at le materiau
oompensateur de volume (28) 2st instal- 16 sur l'exterieur de la ligne de
puits. 5 9. Dispositif selon la revendication 6 ou 7, dans le- quel
l'equipement est constitue de deux lignes de puits concentfiques (22, 24)
ayant un espace an- nulalre (20) d6limit6 entre esles, et le materiau
compensateur de volume (26) est install6 sur  10 l'une des lignes (26) et
expose a l'espace annu- laire. 10. Dispositif selon la revendication 6 ou
7, dans le- quel l'bquipement est un joint annulaire (46)  is ayant une
levre (50) formant joint m6tallique su- p6rieur, une levre (52)
formantjoint m~tallique in- fbrieur et un anneau (54) formant joint
blastique intermbdlaire muni d'une cavitb (66) sur la surfa- ce extbfieure
de I'anneau formantjoint elastique,  20 et le mat6eiau compensateur de
volume (64) est installb dans la cavite du joint elastique. 25 30 35 40 45
55 6    


