006/133313 A1 | 000 0 00 RN 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
14 December 2006 (14.12.2006)

lﬂb A 00000

(10) International Publication Number

WO 2006/133313 Al

(51) International Patent Classification:
E21B 34/10 (2006.01)

(21) International Application Number:
PCT/US2006/022176

(22) International Filing Date: 7 June 2006 (07.06.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/688,184 7 June 2005 (07.06.2005) US

(71) Applicant (for all designated States except US): BAKER
HUGHES INCORPORATED [US/US]; 3900 Essex
Lane, Suite 1200, Houston, TX 77027 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): MARSH, Roger, J.
[AU/AU]; 27 Zenobia Street, Palmyra, WA 6157 (AU).

(74) Agents: RIDDLE, Albert, J. et al.; BAKER HUGHES
INCORPORATED, 3900 ESSEX LANE, Suite 1200,
Houston, TX 77027 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DOWNHOLE PRESSURE CONTAINMENT SYSTEM

@ (57) Abstract: An isolation system err iloying a containment zone within 'the casing or tubing of a wellbore. The containment zon
y ying g g

can be isolated from the wellborc pressure and leak tested to ensure no leakage is occurririj across the zone. The isolation system

prevents wellbore pressure below the system froi communicating with the surfecd 1, ’I thereby allowing for safe egress of tools from

within the ellbore.



WO 2006/133313 PCT/US2006/022176

DOWNHOLE PRESSURE CONTAINMENT SYSTEM



10

15

20

WO 2006/133313 PCT/US2006/022176

RELATED APPLICATIONS

This application claims priority from co-pending U.S. Provisional Application No.
60/688,184, filed June 7, 2005, the full disclosure of which is hereby incorporated by
reference herein

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to wellbore completion operation:s: More specifically, the
present invention relates to an apparatus and method for isolating wellbore pressure during

tool removal.

2. Description of Related Art

Certain devices known as downhole tools 12 are inserted 1ﬁfo a wellbore 5 for various
reasons relating to exploration, completion, and production of a irévcllborc 5. These tools
include imaging devices, retricval tools, and perforating guns, to|name but a few. As is
known, these tools are often inserted into the wellbore 5 under prcs‘s‘;urc. That is the pressure
within the wellbore 5 might far exceed the ambient pressure at the'surface. Thus, for safety
cdncems, the differential between the wellbore pressure and the Surface pressure must be
maintained when inserting or removing downhole tools 12 from the wellbore 5. In order to
maintain this pressure diffcréntial between pressurized wellbores land the surface, devices
known as “lubricators” aré ofticn employed to seal around the 'ijxscrtcd tool and prevent
pressure leakage from the wellbore.

A lubricator is typically comprised of one or mote tubular members that form a sealed
chamber around a downhole tool. The lubricator is usually i attached to a pressure
containment spool, such as a valve or blowout preventer at the top of the wellhead. At an

upper end of the lubricator, sealing equipment such as a grease injector and/or a stuffing box
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seals the top of the lubricatpr, while permitting the downhole t601 to be suspended by a
downhole tool insertion string, a wireline for example, that extends through the sealing
equipment. Thus, a sealed chamber is provided within the lubricator above a closure
mechanism of the pressure containment spool e.g. blow out preventer (BOP) or a Christmas
Tree. The sealed chamber houses the downhole tool and contains well pressure while the
downhole tool is inserted into the wellbore. Pressure between the|wellbore and the lubricator
is equalized using an equalizer valve or other means by which the pressure above the pressure
barrier (e.g. the BOP or Christmas Tree) can be equalized to that below. The closure
mechanism of the pressure containment spool is then opened, allo;avfng access to the wellbore.
The downhole tool 12 is lowered into the wellbore by manipulating the downhole tool
insertion string.

In many instances however, the length of the downhole ool 12 far exceeds that of
currently available lubricators. Optionally a valve can be situated within the wellbore 5 to act
as a means by which the surface can be isolated from the pressure in the wellbore below the
valve. Once the valve is shut, the region above the isolation is bled to atmosphere and the
tool 12 is removed from within the wellbore 5. If the isolation valve is not operating
properly, this can expose the surface personne! to the possiblé Hangers of full wellbore
pressure. Therefore, there exists a need for a method and device‘c;pable cﬁ' safely isolating
wellbore pressure from surface pressure that can perform this function during deployment and
retrieval of downhole tools.

BRIEF SUMMARY OF THE INVENTION
The present invention includes an isolation system comprising a wellbore tubular, a
containment zone disposed within the tubular, an upper isolation valve adjacent the
containment zone, a lower isolation valve adjacent the containment zZone, a pressure source in

communication with said containment zone, and a pressure monitor in communication with
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the containment zone. Thd isolation system can further comprise remotely controlled
actuators in mechanical coopdlraﬁon with the upper and lower isolati'on valves. The upper and
lower isolation valves of the [isolation system can be ball valves, élobe valves, gate valves,

slide valves, and butterfly valyes.

The isolation system dan also include a downhole tool trap.: The downhole tool trap

can be positioned above the ypper isolation valve and comprise a hinged flap. The hinged

* )
flap can be selectively placed in a stopping position and in a resting position.

Disclosed herein is alsp 2 method of forming a pressure di fferential within a wellbare
comprising, forming a conteijment zone within the wellbore, creating a pressure seal along
the containment zomne, venting the region of the wellbore above the containment zone, and

verifying the integrity of the pressure seal along the containment zone.
BRIEF DESCRIPTI dN OF THE SEVERAL VIEWS OF THE DRAWING.

j
Figure 1 depicts a side| cross sectional view of prior art manner of isolaling wellbore

pressure.

Figure 2 illustrates a side view of an embodiment of an isolation device.
Tigure 3 portrays a side view of an embodiment of an isolation device within a

wellbore. o

Figure 4 illustrates a cutaway view of an embodiment of & tool catcher,
Figure 5 illustrates a ciitaway view of an embodiment of a tool catcher restraining 2
)

tool,

Figure 6a demonslmte% an overhead view of an embodiment of catcher flap of a tool

catcher.

Figure 6b depicts a cutdway view of an embodiment of catcher flap of a tool catcher.
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DETAILED DESCRIPTION OF THE INVENTION

The device and method of the present disclosure provides an isolation system capable
of isolating the upper portion}of a wellbore 5 from the pottion belo#v the isolation system 20.
With reference now to Figure 2, one embodiment of the pressure is‘oflation systemn 20 is shown
in a side view. The isolation system 20 comprises a tubular, sucth as tubing 18, an upper
isolation valve 22 with actuator 23, a lower isolation valve 24 with dctuator 25, a fluid supply
port 30, and pressure probe{32. ¥t should be pointed out that ﬂ_he tubular can comprise
production tubing as shown, birt can also be casing or a portion of a production string.

The valves (22, 24) aré integral with the tubular as shown and vertically spaced apart
along the length of the mbula.:i. The distance between these valves (22, 24) is not important;
the valves can be iniegrated m;Lo a single assembly or separated as far apart as required for the
particular application. As wﬂl be described in more detail below, Lome advantages exist in
maintaining a smaller d:splaccmant between the upper and lower lsolatxcm valves (22, 24).
The valves can be opened org closed by the actuators (23, 25), thLa operation of the valve
acwators (23, 25) can hydmu&ic pneumatic, or via telemetry. cn fluids arc utilized in
operating the actuators (23, 25) operation is provided via the respective actuation control lines
(34, 36). The control lines Efe shown to illustrate their functth other systems may be
employed to operate the actdators (23, 25). For example, sequincmg valves and other
systems may be used thereby al‘lowmg the number of control lines (3:1 36) to be reduced.

The placement of the \}alves (22, 24) on the tubular prowdeL a containment zone 28
within a portion of the tubular. i The valves (22, 24) should be of a dJsxgn suitable for integral
placement within a tubular as \ie‘ll as being capable of sealing against wellbore pressures such
that a seal is formed along the ?dntaimnent zone 28. Examples of su tai:le valves include ball

valves, gate valves, globe va]ires, slide valves, butterfly valves and the like. Accordingly

when one or both of these valves is in the closed posifion, the prcssm‘m: within the portion of
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the tubular located above the c{onmimnent zone 28 is isolated fro:’fh? the portion of the tubnlar
below the containment zone Zé. Thus in operation, when it is desired to remove a downhole

tool 12 from within the weltbore 5, these valves (22, 24) can be p\’l% info their closed position

1

once the tool 12 is raised above the elevation of the upper isolation valve 22.

The operation of the isolation system 20 of the present device involves filling the

Il

i
containment zone 28 with {luid from the fluid supply line 31 via ﬂl supply port 30 once the
{

lower isolation valve 24 is shut. The fluid is pumped into the cor& inment zone 28 until the

fluid level is above the upper valve 22. The upper valve is then JllLsod and the containment
, !

zonc 28 is pressurized by pumping additional fluid through the fI ili supply line 31 and port

30. The pressure within the cortainment zone 28 can be measured|with the pressure probe 32

|

or a gauge at surfacc (not sho%) and monitored fo cusure the ﬂrc;ssuxe seal is maintained
within the zone 28. The pressuixre test time is not limited by this clesign but instead can be
determined by those skilled inf the art without undue experimentation. Once operations
personnel are satisfied the isolaition system 20 tnaintains a prcssuL‘e seal between the upper

and lower tubular sections (19,121), the pressure in the upper tubular 19 can be bled to the
1 i

surface and the tool 12 removed from within the wellbore 5. Thus bly creating a test pressure
| [

zone, the integrity of the pressute seal created within the tubular by the containment zone 28

can be verified, which imparts an added measure of safety and ass ce that the operations

1 | [
personnel at the surface will not be exposed to an overpressure condition from a high pressure
wellbore.

Optionally a downhole tc);ol trap 38 can be added within the Mibular above the isolation

sysfem 20. The downhole tool trap 38 can be useful for stopping 1tdols that may have fallen

within the wellbore before reacl;jng and damaging the hardware within the isolation system

|
20. The downhole tool trap 38 iflcludcs a piston 40, spring 42, housing 44, flow restrictor 45,

| l .
catcher flap 48, and a groove 50, With reference now to Figure 4, the catcher flap 48 is

6
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shown in a horizontal arrangex‘nent perpendicular to the axis of fhé tubing 18. An actuator
{not shownm) in communicati%n with the valves actuators (25 ior 25) can be used to
hotizontally position the flap 48 when either of these valves (22, 24?) is in the closed position.
Item 48a shows the flap 48 m the open position when the valves (22 and 24) are open.

With rcference now to I%’igure 5, a tool 12 is shown resting' opn the flap 48 after having

! i
fallen due to some unforeseen ﬂaishap The piston 40 has moved downward (from its original
Z

resting position of Figure 4) théreby compressing the spring 42. Addmonal shock absorption
is realized with the present de\)lce by the addition of the flow restnctor 46 that meters fluid

from within the housing 44 to the exterior of the tubing 18. Altemzitwely, the flow restrictor

port can be plugged and the volume beneath the piston filled with a compress:ble gas, such as
i

nitrogen, which is compressed by the piston. The addition of the compressxble gas provides a
!

|

function similar to a gas filled shock absorber. As seen, the presence of the downhole tool
|

trap 38 can successfully stop {he free fall of a tool 12 within the tubmg 18 and prevent

damage to the isolation system 20 from such an occurtence. A groove 50 is provided on the
1 l

inner circumfcrence of the housmg 44 formed to fit with the outer diameter of the piston 40.
| i

The groove 50 can maintain the fplST.'Oll in its rest position (Figure 4) until sufficient force from
I Lo

a falling tool 12 removes the piston 40 from the groove 50. Also i#cff]uded within the housing
44 is a collar stop 52 and a prof‘ile 51 for reseating the piston 40 i;'ltﬁ) the groove 50 after use
of the tool catcher 38. A pul]uig tool (not shown) can be mserted) w1thin the wellbore 3 for
grasping the profile 51 and pulh\Lxg the piston 40 upward until the pts{on 40 hits the collar stop
52 thereby reseating the piston 40 within the groove 50.

Figure 6a is an overheall view of the catcher flap 48, flnid bypass apertures 54 are
provided through the flap 48 foﬁ allowing drilling fluid to pass thereth.rough when the (lap 48

is closed. The flap 48 can have a high tensile abrasion resistant composﬂ:e cover material,

such as KEVLARS®, to help 1?v1‘thstand the harsh downhole conditions. This covers a

i
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preformed spring materisl 56, Which partially absorbs the first impatt as the downhole tool or

other items hits the flap 48. e downhole tool trap 38 can be illsll in conjunction with the
]

1
i

two valves 22 and 24 or on it’s own as additional protection for dﬂ“tcr designs of sub surface

safety valves or impact sensitiv%: devices installed on down hole completions.

The present invention éliescribed herein, thercfore, is well ‘;adaptcd to carry out the
objects and attain lhe ends ] advantages mentioned, as well I15.5; others inherent therein.

While a presently preferred embodiment of the invention has ﬁeén given for purposes of

J

disclosure, numerous changes exist in the details of procedures for ar;ccomplishing the desired

|

results. Tor example, prior to ilLserting a dowmhole tool 12 wnhmla lptessurized wellbore, the

valves (22, 24) could be actuated into the closed position and the'f upper section 19 could be
L :

vented to atmosphere. Also, usg of the downhole tool trap 38 is not/limited to configurations

as disclosed herein, but instead can be used in any downhole a’pﬁlicaﬁon. Moreover, the

i !
isolation system 20 of the present disclosure can be utilized withl.‘mfxy design of tool catcher

and is not limited to use with the embodiment of the downhole Ltofol trap described herein.

i

These and other similar modifigations will readily suggest themselv';es to those skilled in the
. 4 {

art, and are intended to be encdmpassed within the spirit of the ﬂésent invention disclosed

herein and the scope of the appended claims,
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CLAIMS

An isolation sysiem within a wellbore comprising;

a containment zc}me formed within the wellbore;

an upper isolation valve adjacent the containment zBanc;

a lower isolation
a pressure source

a leak monitor in

valve adjacent the containment zone;
in communication with said contairiment zone; and

communication with said containthént zone.

The isolation system of claim 1, wherein the leak momtor is selected from the

list consisting of

a pressure monitor, a sound momti;r, a radiation monitor, a

temperature monitor, and combinations thereof.

The isolation syste‘m of claim 1 further comprlsmg remotely controlled

actuators in mdchamcal coaperation with said upper and lower isolation

valves.

The isolation system of claim 1, wherein the pressure| in said containment zone

cxceeds the prcsLJre within the wellbore.

The isolation systemn of claim 1 wherein said upper and lower isolation valves

-
are selecied from the list consisting of ball valvcs;} globe valves, gate valves,

slide valves, and

butterfly valves.

.. ik :
The isolation system of claim 1 further comprising & downhole tool trap.

1)
The isolation system of claim 6, wherein said downbhole tool trap is disposed

above said upper

isolation valve.



10

11

12

13

14

15

16

18

19

20

21

22

23

WO 2006/133313 PCT/US2006/022176

10.

I1.

12.

13.

14.

15.

16.

The isolation systern of claim 1, wherein said downhole tool trap comprises a
hinged flap.

The isclation system of claim 8, wherein said ' ﬂinged flap is selectively
disposable in a s.ftopping position and in a resting position.

A method of verifying the integrity of a barrier system within 2 wellbore
coraprising:

(a) forming a containment zone within the wellbore, §Wherein said containment
zomne is disposedf within a barrier system comprisiné :; first barrier and a second
barrier; |

(b) sealing the fi;st and second barrier;

(c) pressurizing the containment zore to a set pressure; and

(@) monitoring tl;e containment zone for a leak.

The method of claim 10, wherein the set pressure exceeds the wellbore
pressure below the barrier system.

The method of clalm 10, wherein the wellbore ptf:ssure below the barrier
sysiem exceeds the set pressure. |

- X PN P
The method of claim 10, wherein fluid is above the containment zone.

‘The method of claim 10, wherein said wellbore codtz{ins a downhole tool, said

method further comprising removing said downhold tool.
The method of claim 10 further comprising ventmg t}xe region of the wellbore
above the containment zone.

The method of claim 10 further comprising disposing a downhole tool within

the wellbore.

10
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