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depths in wells. These increasing safety val ve depths have created

nuner ous problens for those responsible for the valve installations and
operations. One of these problens has to do with the need to run a control
line to a 5 safety valve installed at a very deep location in a well. An
increase in the length of
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The present invention relates generally to operations performed in
conjunction with a subterranean well and, in an embodiment described herein,
more particularly provides a method of controlling a hydraulically actuated

25 subsurface well tool.



a control line brings with it the increased probability that a failure wll

be experienced in the control line at sonme point in the productivgékbfﬁﬁof

the well. This is due to, for exanple, an increased nunber of con i20Rs

in the control line, an increased nunber of control |ine tubing sections,

an increased probability io of danage during installation, etﬁ#@%ﬁﬁjous
n

sol utions have been proposed for dealing with this prohlem ately,
however, these prior solutions have requir edfoRayaPecket Moy $901RO0348R5r di nat e
amount of additional equipnent at the well, undue conplexity and/or an

I ncreased probalil.t f. experlenci a_failure requiring,replacenent of
the 15 saf gt y @gré\}g,%\lm‘?etsharf Ebeel%é%s@in ot %?ﬁléﬁglé’e& g’f&aﬁfi‘??é’%f%gl \‘/‘\fgﬁF',
pulling the production string and installing a new production string. What
i s needed These ingreasone safebonalvel dapths havey eneatedi mumenpus probleaw fos theser f ace
wel | tool which does not require a |large investnent in additional

equi prent responsible fortied @dlve tistalidtivhk and bperafidhd.uct i on and use, and which 20
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principles of the present rnvention, 1n accorda

5 safety valve installed at a very deep location in a well. An increase in the length of
a control line brings with it the increased probability that a failure will be
experienced in the control line at some point in the productive life of the well.
This is due to, for example, an increased number of connections in the control
line, an increased number of control line tubing sections, an increased probability

10 of damage during installation, etc.

Various solutions have been proposed for dealing with this problem.
Unfortunately, however, these prior solutions have required installation of an
inordinate amount of additional equipment at the well, undue complexity and/or an
increased probability of experiencing a failure requiring replacement of the

15 safety valve, with the associated expense of killing the well, pulling the production
string and installing a new production string.

What is needed is a method of controlling a hydraulically actuated
subsurface well tool which does not require a large investment in additional
equipment, which is relatively simple in construction and use, and which

20 provides true redundancy for control lines installed in a well



an enbodi ment thereof, a nethod is provided which solves the above probl ens
in 5 the art. In one aspect of the present invention, a nethod of
controlling a subsurface hydraulically actuated well tool is prddisediisThe

met hod includes the steps of hydraulically connecting a first control |ine
to a first piston of the well tool and hydraulically connecting a second
control line to a second piston of the 10 well tool. The well P8SENT
operable in response to pressure in the fidternegMacket Npi:9013Raos#85 wel |
tool is operable in response to pressure in the second control line. The
well tool is operated by applying pressure to both of the first and second
control lines, and then, in responSUMMARNY ure of the first control Iine,

the well tool is operated by applying pressure only to the second control
line. 15 In another aspect of the present invention, a single punp is used
to operate the well tool when applying pressure to both of the first and

second controln tartping dlterthe Prendipled of $hé Prstens il eyhion, APSERrRScd Hanve! |

tool by applying pressure to only the second control line. In yet another

aspect of 34 bg\HHesent tHet¥eMhirRéthod i§Br\AEePly @aﬁélgggés's%lg%%ve é?oﬁl@ﬁfsq e

h
control | ed subsurface safefy valve iS provi ded. ety valve 1 ncludes
first fndgégﬁ.gnd pi stons operatively connected to an openi ng nmechani sm of
the 3713 '005 PATENT

In one aspect of the present invention, a method of controlling a
subsurface hydraulically actuated well tool is provided. The method includes the
steps of hydraulically connecting a first control line to a first piston of the well
tool and hydraulically connecting a second control line to a second piston of the

10 well tool. The well tool is operable in response to pressure in the first control
line, and the well tool is operable in response to pressure in the second control
line. The well tool is operated by applying pressure to both of the first and
second control lines, and then, in response to failure of the first control line, the
well tool is operated by applying pressure only to the second control line.

i5 In another aspect of the present invention, a single pump is used to
operate the well tool when applying pressure to both of the first and second
control lines. The same pump is then used when operating the well tool by
applying pressure to only the second control line.

In yet another aspect of the present invention, a method of controlling a

20 surface controlled subsurface safety valve is provided. The safety valve includes

first and second pistons operatively connected to an opening mechanism of the



Attorney Docket No.: 2001 |P003485 safety valve. The first and second

pi stons are hydraulically isolated from each other in the safety val ve.
The safety valve is operated by applying pressure to both of first S@EP
second control lines hydraulically connected to the first and secoh 2003

pi stons, 5 respectively. Then the safety valve is operated by I ng
pressure to only the second control |ine. These d, ot her ﬁfﬁ‘gg

advant ages, benefits and objects of the pre eyﬁﬂ?i’gﬁﬂq%nzé@ me
apparent to one of ordinary skill in the art upon careful consideration of

the detailed d L RL QN Tk Ol nvention

her ei nbel ow angﬁﬁh&le’glc‘%bggn@rlsggﬁ f%\%ﬁ]%éidﬁﬁl @%ﬁﬁ%d&f’q&w

DRAW NGS FICE é’t? cross-sectional view of a first prior art
'3 OKWSR T} elﬁa

met hod of ©& Yé(a @bsurface hydraulically actuated well tool;
FIG 2 is a schematic cross-sectional view of a second prior art method of

control ling a dessafeycealvydisaopdrartl yy applydig presute toHoth agfdfifskGnd3 is a
schematic cross-sectional view of a subsurface hydraulically actuated well

tool utiliggshd @oﬁﬁ&P%eQ%@%kﬁﬁ&h%ﬁ%ﬂdw 86 HirsOGh8! &0 plgt%ng,he

present invention. 4 13 SE

5  respectively. Then the safety valve is operated by applying pressure to only the
second control line.
These and other features, advantages, benefits and objects of the present
invention will become apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of a representative embodiment of the

10  invention hereinbelow and the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a first prior art method of
15 controlling a subsurface hydraulically actuated well tool,
FIG. 2 is a schematic cross-sectional view of a second prior art method of
controlling a subsurface hydraulically actuated well tool; and
FIG. 3 is a schematic cross-sectional view of a subsurface hydraulically

actuated well tool utilized in a tool control method embodying principles of

20  the present invention.



PATENT Attorney Docket No.: 2001 |P003485 DETAI LED DESCRI PTION In the

follow ng description, directional terns, such as "above", "bel ow',
"upper", "lower", etc., are used only for convenience in referrin : ﬁ’&dﬂ?
5 acconpanyi ng drawi ngs. Additionally, it is to be understood tha e

vari ous enbodi ments of the present invention described herein
o

utilized in various orientations, such as incli n%?, i rwe_r%lgﬂ ontal,
vertical, etc., and in various configurati rey; Ligekeh Noje om t he

principles of the present invention. Representatively illustrated in FIG 1

Is a prior art nethod io of oﬁm‘&ﬂlﬂﬁﬁﬁéﬁﬁgﬁjﬁsu”aee safety valve 12.

In the nethod 10, two contr I'nes fromthe safety valve 12
to individual punps 18, 20 situated at the surface. Thus, two conplete
hydraul i ¢ actuation systens are used one including the control line 14 and
punp 18, and the other including the control line 16 and the punp 20. If a
failure is expdnithedeldowingodescrptivhedindioanl teermag tudt aoHalsret etielowhe 15
ot her hydraulic actuation systemis used to control operation of the safety

val ve  12ryfhis, M&gelydial! i€ 36LdAIONRY ShEvEIGR  CrbrRiring! 181 thee! Y,

i.e., only e hydfaulic actuation systens 1s use i me. Note

that one or nore actuating pistons ot. shown) of the safety valve 12 nmay
be hydraul2PEHPPIPYIR fERYVHEES &‘kﬁ@ﬂ“é& tthds d8nb§ gmder hat” the vanpughi ch

case a 20 conplex hydraulic switching systemmay be used in the safety
val ve to pmbodiuciteorof the present invention described herein may be utilized in various

orientations, such as inclined, inverted, horizontal, vertical, etc., and in various
configurations, without departing from the principles of the present invention.
Representatively illustrated in FIG. 1 is a prior art method io of controlling
10  a subsurface safety valve 12. In the method 10, two control lines 14, 16 extend
from the safety valve 12 to individual pumps 18, 20 situated at the surface. Thus,
two complete hydraulic actuation systems are used one including the control line
14 and pump 18, and the other including the control line 16 and the pump 20.
If a failure is experienced in one of the hydraulic actuation systems, the
15 other hydraulic actuation system is used to control operation of the safety valve
12. Thus, the hydraulic actuation systems are used alternatively, i.e., only one of
the hydraulic actuation systems is used at a time.
Note that one or more actuating pistons (not shown) of the safety valve 12
may be hydraulically connected to each of the control lines 14, 16, in which case a
20 complex hydraulic switching system may be used in the safety valve to provide for

the event of a failure in one of the control lines 14,16.



the event of a failure in one of the control lines 14,16. 5 13 SEP 2005
PATENT Attorney Docket No.: 2001 |1P003485 Representatively illustrated in
FIG 2 is another prior art nmethod 22 of <controlling multiple subsurface
safety valves 24, 26. Redundancy is provided in this case by insfaISEP 3¢5
mul tiple conplete safety val ve systens. One safety val Vﬁ syﬁtfﬂ}ghgﬁ_:c udes
the safety valve 24, a control line 28 and a punp 30. The ot he ety
val ve systemincludes the safety val ve 26, é‘@’ﬁ?ﬂyrl?ﬂ&?tim%:@lm%ﬁgéunp 34.
If a failure is experienced in one of the safety valve systens, the other
safety val ve syspegsenttivelydilludirated inhEIGe2hsdakRhetopsiopmay mehodedRngfancy in
the event of a control line failure, it does so at the expense of a |large

f a ol 11 : 2
amount o coﬁ&euidg%ﬁlmﬂa%heﬁfﬁce%@e@%%scgezgﬁ% nd&&:{gr gl ]

during production of the we one of "the sa ves 2 must be

| ocked opep. whil e the ather safety valve i.s being used r it _ nust. be kept
open usi ngﬂlist%aseéz’é’o](?fs@ﬁéncg m@%plﬁn‘%’néﬁﬁﬁcr%fe%%‘fegﬂ‘?t?rﬂﬁ &BP safety yalye ¢ he

| ocked open safety valve nmust be restored to an operating configuration

(unl ocked)system: ingludgs lthe safgtevglve A4y @ controhdingl 28 amd afpirhys 30aftietdtkerot her
safety val ve nust then be 15 | ocked open. In the latter case, both conplete

saf ety svalsuRtpyslveapstoisihciifes BRARAIPJalve 28! £doRpsl IR T MdEPufpra4 he
entire productive I1fe of the well.

If a failure is experienced in one of the safety valve systems, the other
safety valve system is used. While the method 22 does provide redundancy in the
event of a control line failure, it does so at the expense of a large amount of
additional equipment and added complexity.

10 For example, during production of the well one of the safety valves 24, 26
must be locked open while the other safety valve is being used, or it must be kept
open using its assoctated pump and control line. In the former case, the locked
open safety valve must be restored to an operating configuration (unlocked) if the
other safety valve's control line fails, and the other safety valve must then be

15 locked open. In the latter case, both complete safety valve systems must be
operated, tested and maintained for the entire productive life of the well.

Referring additionally now to FIG. 3, a method 40 of controlling operation
of a subsurface safety valve 42 is representatively illustrated, the method
embodying principles of the present invention. The method 40 does not require

20 multiple pumps to be installed at the surface, does not require complex downhole

hydraulic switching systems, and does not require multiple complete safety valve

systems. Instead, the method 40 provides a cost effective, convenient and

-6 -



Referring additionally nowto FIG 3, a nethod 40 of controlling operation
of a subsurface safety valve 42 is representatively illustrated, the nethod
enbodyi ng principles of the present invention. The nmethod 40 does n&k

require 20 nultiple punps to be installed at the surface, does not InEGdilie

conpl ex downhol e hydraulic switching systens, and does not regui
mul tiple conplete safety valve systens. |Instead h tl é}%&ﬁ%
cost effective, convenient and -6 13 SEP ZO%OW%Eaﬁ?'%é _
2001 1P003485 straight-forward means of ensuring that a control |ine
fail ure wsirpighbforweagd i meanspaf [enpring dhasr o dootrobdint faiiluee ofillanoletrdquirghe
nmet hod 40 acconplishes these results by utilizing multiple actuating

pi stons 44ullffp the prbductiohatimg/ef ¥ &efl2. Each of the pistons 44, 46 is
hydraulically 5 connected to a respective one of multiple control |ines

48, 50 extendi t r | LQn, .S as the surface of the well.
Note that pr esgg‘Ferggt%iji‘gd;g{:%meﬁ ?ﬁ%# ?%?Setrﬁgﬁlbsl §¥ 5'5@2% gpﬁta%leva[ch.lai%pg
respective, control l[ine 48 or 50 is capabl e of operatioc&g. the safety val ve
42, for eRiignedd it inthepsafetynplun 48pEacihgl phonigtans 44,446 isubdradlicallyact uat e
a flapper valve 54 of the io safety valve 42. Persons skilled in the art

are fapgi | icannetitéd té he respectdfe aneidt Miltiple caairoblied 49, afpektendingetoh a
safety valve, and so no further description of this

remote location, such as the surface of the well,

i des a
t No.:

Note that pressure applied to either of the pistons 44 or 46 via its respective
control line 48 or 50 is capable of operating the safety valve 42, for example, by
displacing an opening prong or flow tube 52 to actuate a flapper valve 54 of the

10 safety valve 42. Persons skilled in the art are familiar with the use of a piston to
actuate a flapper valve of a safety valve, and so no further description of this
actuation will be presented herein. However, it is to be clearly understood that
other types of safety valves, such as a safety valve having a ball valve instead of a
flapper valve, may be used and other types of hydraulically actuated well tools

15 may be used, without departing from the principles of the present invention.

In addition, note that the pistons 44 46 are hydraulically isolated from
each other in the safety valve 42. Thus, no hydraulic switching system must be
used in the safety valve 42 in the event that a failure occurs in one of the control
lines 48, 50.

20 In normal operation of the safety valve 42, pressure is applied to both of
the control lines 48, 50 by a single pump 56. Multiple pumps are not required.

Instead, a set of valves 58, 60 are used to select which of the control lines 48, 50

-7-



actuation will be presented herein. However, it is to be clearly understood
that other types of safety valves, such as a safety valve having a bal

val ve instead of a flapper valve, may be used and ot her types of
hydraulically actuated well tools 15 may be used, w thout depart]%éEmeB%
the principles of the present invention. In addition, note that the pistons
44, 46 are hydraulically isolated from each other in the safe?ﬁ‘-T e 42.
Thus, no hydraulic switching system nust battorpeydPecket Mo :20QuFo0au8s 42 in
the event that a failure occurs in one of the control I|ines 48, 50. 20 In
normal operation of the safety valve 42, pressure is applied to both of

t he cont r Biessingds applieddodyom the mynep s0nisee, imnormalapepatipns, pressuretis
required. Instead, a set of valves 58, 60 are used to select which of the
control |apiedi® bah oftheosEml 2ibes 48AFENFoth o thenayvddgs o Ae. normally
2001 1 PO03485 pressure is applied to fromthe punp 56. Since, in

nor mal opeopdn.on, pressure is applied to both of the control |ines 48, 50,
both of the valves 58, 60 are nornally open. If, however, a failure occurs

in one of the gontrol lines.48, 50, the 5 carrespondipg. valve 58 or 60 is
cl osed, and the’ Q’é’?‘@t‘rﬁr’vﬁl U6 qeclps)dn PR C%s?h’?g cawgkﬂ}f@m@ i58¢ the t he

ot her control |i He. Thus, if a connpector or one of the
5 corresponding valve 58 or 60 is closed, and the safety valve 42 is operated using

pressure applied to the other control line. Thus, if a connector or one of the
lengths of control line tubing in the control line 48 begins to leak, the valve 58
will be closed, and the safety valve 42 will be operated using pressure applied to
the control line 50. Similariy, if a connector or one of the lengths of control line
10  tubing in the control line 50 begins to leak, the valve 60 will be closed, and the

safety valve 42 will be operated using pressure applied to the control line 48.

A failure of either of the control lines 48, 50 below a wellhead 66 of the
well may be detected by monitoring pressure indicators 62, 64 readable at the
surface above the wellhead and connected to the control lines, respectively,

15  between the valves 58, 60 and the safety valve 42. The pressure indicators 62, 64
are depicted in FIG. 3 as pressure gauges, but other types of pressure indicators,
such as pressure transducers, etc., may be used. A failure of the control line 48
would be evidenced by a drop in pressureindicated by the pressure gauge 62, in
which case the valve 58 should be closed. A failure of the control line 50 would
20  be evidenced by a drop in pressure indicated by the pressure gauge 64, in which

case the valve 60 should be closed.



| engths of control line tubing in the control line 48 begins to |eak, the

valve 58 w Il be closed, and the safety valve 42 will be operated using
pressure applied to the control line 50. Simlarly-, if a conne jgtpgm one
of the lengths of control line io tubing in the control line 50 egln

| eak, the valve 60 will be closed, and the safety val ve 42 w F
operated using pressure applied to the contr ei t her
of the control lines 48, 50 below a well headﬂ{? gfo[cﬁ%tN% (fdl

detected by MONG@rhAYiPHRSAMIIRG 41 £ BfiRkS of &ithétof ﬁﬁed@&{tf'olaﬁnekhfs spurface
above the well head and connected to the control |1nes, respectlvely, 15

b he I d.th I 42. Th di cat
02, oa alBINEHNEeRhead" R B peiEmiPiclly tBiekiaions mpie, Bnd Shpgpeens

pressure indicators, such as pressure transducers, etc., may be used. A
failure ofabeve theoweilbead.iNe changenbuthe dosvmhalel eafstd vilyeat oo pontrolgliness ur e
I ndi cated by the pressure gauge 62, in which case the. valve 58 should be

cl osed. A4fea5d)u&ﬁwﬂ]etvh@]}fe@ﬂfﬁﬁqieeﬂit@ﬁe%d\éom d 20 be evidenced by a drop in
pressure i ndi cat ed by the pressure gauge 64, in which case the valve 60

shoul dibe <losgiyf 0 R AR AR LLAGTEY 36Kl M CORBARRC 1
? gkte)ﬁl o tagghgd\e L)l Qxﬁ?%ngfsofr{gg pPs?onrseﬂfgl%el(sj uts)gd ?obgpeerrgt%ttlhg rs]:fe?yI51 w(/jaelve %g%u%ct ons
to failure of one of the control lines 48, 50, a greater pressure will typically be
required to maintain the safety valve in an open position than if pressure were
applied to both of the pistons. Thus, when pressure is applied to only one of the
10 control lines 48, 50 to operate the safety valve 42, more pressure should be
applied by the pump 56 to the control line. However, it will be recognized that
this is far preferable to pulling the production string out of the well to repair the
failed control line.
In most circumstances, a control line failure after initial installation and
15  verification of pressure integrity is experienced only after a well has been in
production for an extended period of time, for example, due to corrosion
gradually deteriorating the control line tubing or connections. In these
circumstances, wellbore hydrostatic pressure will likely have decreased due to the
extended period of production of fluid from the well, and so a substantial
20 increase in pressure applied to the remaining control line may not be required.

Of course, a person skilled in the art would, upon a careful consideration

of the above description of representative embodiments of the invention, readily

-9.



above the wel | head. No change in the downhol e safety val ve 42 or control
lines 48, 50 below the well head 66 need to he made. 5 It will be readily
appreciated by one skilled in the art that, if pressure applied EiE EP'%
one of the pistons 44, 46 is used to operate the safety valve 42 oLl {05
failure of one of the control lines 48, 50, a greater pressure Wl |
typically be required to maintain the safety valve in an openPpddiNT on
than if pressure were applied to both of AWernsyddecket NolnanouRen3pB8gssure
is applied to only one of the io control lines 48, 50 to operate the safety
val ve 42, nore pressure should be applied by the punp 56 to the control
line. Howeppreciate thitl habg mabbgatiare] addrions; hilsstitatibns, dele@f@isabh@ dther

pul ling the production string out of the well to repair the failed control

line. I'n ohatgesi maynisd angds to &h@%k?@élﬁblétﬁbé@lrﬁéﬂt@ ahd &Juch"thdBles are
installation and 15 verification of pressure integrity is experlenced only

after a wednteffsatedeByi the F?fl” ks GSF HRY priseént! fdAM Her |Akof {ln% A fOF
o Bt

exanpl e, due to corrosion radual |y deteriorating t e contr ublng

or connectdrefising |d&téﬂ'é?15&’escﬁgﬁ%HrT§E@BS Wﬂﬂtgoa%ﬁg 'Bgﬁ}(%l'vgn Bg/%?a (e will

| i kel y have decreased due to the ext perio pro tron tui d

fromthe Mﬁlls{mneﬁcﬁrﬁpeﬁarﬁ@la tt‘h@ls u:i!paﬁcfg&%%sgf i rfeges Eé?gxﬁtﬁg%bgd to the

remai ni ng contro I ne ma ‘e requi red cour M8d in

the art “ﬁ{ﬁlgdslﬁfsogg?tﬁ@ §P§l}df‘tdg g‘:‘gﬁ%ﬁ“ 82 of the above description of

representative e readily 9

_.10_



13 SEP 2005 PATENT Attorney Docket No.: 20011Po0o3485 5 appreciate that
many nodi fications, additions, substitutions, deletions, and other changes
may be nmade to these specific enbodi ments, and such changes are ?
contenpl ated by the principles of the present invention. Accor diLag E}J ﬂ%e
foregoi ng detailed description is to be clearly understood as Bg%ngd I ven
by way of illustration and exanple only, the s t . and sco

present invention being limited solely by g@’%ﬁd&?&%@%l%@ POQ%‘”@EP 2005
PATENT Attorney Docket No.: 2001 |1P003485 WHAT IS CLAIMED I S: 1. A net hod
of controlling a subsurface hydraulically actuated well 5 tool, the nethod

conprising the draulically connecting a first control line to a
first piston of‘f’ﬁ@f\kgqu ED IBhe wel | tool Dbei ng operable in response to

pressure in the first control line; hydraulically connecting a second
control line to a second piston of the well tool, the well tool being
operable in response to pressure in the second 10 control |ine;

1. A method of controlling a subsurface hydraulically actuated well

5  tool, the method comprising the steps of:
hydraulically connecting a first control line to a first piston of the well tool,
the well tool being operable in response to pressure in the first control line;
hydraulically connecting a second control line to a second piston of the well
tool, the well tool being operable in response to pressure in the second
10 control line;
operating the well tool by simultaneously applying pressure to both of the
first and second control lines; and
then, in response to failure of the first control line, operating the well tool
by applying pressure only to the second control line.
15
2. The method according to Claim 1, wherein a single pump is used in

the step wherein pressure is applied to both of the first and second control lines.

3. The method according to Claim 2, wherein the same pump is used

20 in the step wherein pressure is applied only to the second control line.

-11-




operating the well tool by sinultaneously applying pressure to both of the

first and second control lines; and then, in response to failure of the
first control line, operating the well tool by applying pressure1ggtyzﬁﬁ
t he second control line. 15 2. The nethod according to Claim1l1, whéréin a

single punp is used in the step wherein pressure is applied to o f the
first and second control lines. 3. The neth accgédi(g (téo%@dﬁr E wher ei n

the sane punp is used 20 in the step wherei oﬁ?eg 3 ‘Bﬁly to
t he second control line. 13 SEP 2605 PATENT Attorney Docket No.: 2001
| PO03485 4. The nethod according to Claim?2, further conprising the step of

hydraulically gonnegtin h unp,.to .t first.control line via a first
val ve. 5. The ffet hoﬁﬁc@ﬁﬁ’ﬁﬁn%cggh@ 4P tﬁlﬁ}mfflr Comprisnis e perQfep 5
hydraulically connecting the punp to the second Iine via a second val ve. 6.

The met hodydessbieailygonnectngithe pump te theefirst oongral dinegyia hdirstvaybee. of :
nonitoring pressure in the first control line using a first pressure

i ndi cator congect edthtOmeltfod lab&drdfidNté QlatthNg, FREN&GEBoPRstnly fle ﬁﬁkve and

the first piston; and 10 nonitoring pressure in the second control Tine

boin9.3 SHESRALRAE SHictihR EALRD «f AGELAF RV sc2BRe Ve o [T ne
6. The method according to Claim 5 further comprising the steps of:
monitoring pressure in the first control line using a first pressure indicator
connected to the first control line between the first valve and the first piston; and
10 monitoring pressure in the second control line using a second pressure
indicator connected to the second control line between the second valve and the

second piston.

-12 -



second piston. 13 SEP 2005 PATENT Attorney Docket No.: 200l 1P003485 7. A
nmet hod of controlling a subsurface hydraulically actuated well tool, the

nmet hod conprising the steps of: hydraulically connecting a first ?gg P?[?ﬂ
line to a first piston of the well tool, the well tool being ope e rr’u

response to pressure in the first control line; 5 hydraulicall ecting
a second control line to a second piston of the | | tqol t“gﬁggfﬁ t ool
bei ng operable in response to pressure in t Hyto ﬁﬁ?flketc@?lt?(%ﬂl @ ,85

operating the well t0QatHSd W SrHidlBheE aP Nul] '
pressure to both of theefi rst arll.(gll sec%ﬁd%ﬁff?g@ﬁ %@gﬁ?&]ﬁg@ﬁ%ﬁg&ll
operating wel | usin he, sa punp applying pressure to only the

t he t Qol
second coﬁ?‘{']o}helrflﬁtg.(’8§9mlaﬁ'ém%t§’ﬁ6@p§8 ording to Claim 7, further conprising
the steps of., hydraulically connecting the punp to the first control |ine
via a first vahydraulicgllyeenregtingal firstitdntrod dimedo tai fimgt pistorpofithetveelt toel,second
control line via a second valve. 9. The nethod according to daim?7,
wher ei n t hige feRRoSI bediPbydriBle in response to pressure in the first control line;
5 hydraulically connecting a second control line to a second piston of the
well tool, the well tool being operable in response to pressure in the second
control line;
operating the well tool using a single pump simultaneously applying
pressure to both of the first and second control lines; and

10 then operating the well tool using the same pump applying pressure to

only the second control line.

8. The method according to Claim 7, further comprising the steps of:
hydraulically connecting the pump to the first control line via a first valve;

15 and
hydraulically connecting the pump to the second control line via a second

valve.
9. The method according to Claim 7, wherein the step of applying

20  pressure only to the second control line is performed in response to a failure of

the first control line.
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20 pressure only to the second control line is perforned in response to a

failure of the first control line. -13 13 SEP 2005 PATENT Attorney Docket
No.: 2001 1P003485 10. A nethod of controlling a subsurface hydraulicall¥
actuated wel | tool, the method conprising the steps of providing th&Skelll

tool as a surface controlled safety valve, the safety valve i X%Jdiﬂg
first and second pistons operatively connected to an. openi rechiani sm
of the safety valve, and the first and seco g%ﬁ € ?n@ﬂnﬂgyb % cal |y

[ sol ated from qgeh ol inid drGrt@IRY ovalbEraOP ByalhBaN PScRAIE Yolid! ve by

si mul t aneously applying pressure to both o TS cond control I|ines
hydraulical |y .connected to the first and second pistons, respectively; and
10 then o %QQFpﬂaaﬁﬂé°Q§¥E§9¥¥QF§%m59gapplying pressure to only the second
control line. 11. The nmethod according to C aim 10, wherein the step of

appl yi ng pr esptavadingl the veelk tool see snfacoenntilledisatety valver thersabety ivalveesponse
to failure of the 15 first control line. 12. The nethod according to Claim

10, wher eiificladingNdirst PAHEP deSom@efistons operatively connected to an opening

A

s
Cn——]

5 mechanism of the safety valve, and the first and second pistons being
hydraulically isolated from each other in the safety valve;
operating the safety valve by simultaneously applying pressure to both of
first and second control lines hydraulically connected to the first and second
pistons, respectively; and
10 then operating the safety valve by applying pressure to only the second

control line.

11.  The method according to Claim 10, wherein the step of applying
pressure only to the second control line is performed in response to failure of the

15 first control line.

12. The method according to Claim 10, wherein a single pump is used
in the step wherein pressure is applied to both of the first and second control
lines.

20
13. The method according to Claim 12, wherein the same pump is used

in the step wherein pressure is applied to only the second control line.
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in the step wherein pressure is applied to both of the first and second
control lines. 20 13. The nethod according to Caim12, wherein the sane

punp is used in the step wherein pressure is applied to onIy the pBRSEMLS
control line. -14 13 SEP 2005 PATENT Attorney Docket No.: 20011P0C3485 5
14. The method according to Caim12, further conprising the step of
hydraul i cally connecting the punp to the first control |ine vi 8ALENT st
val ve. 15. The nethod according to O ai m 14ttoyprs Bpeket Ato. s2e@1I8po3sfbyi ng
pressure only to the second control line is perfornmed in response to
failure of the first control line between the first valve and the first
pi ston. 16. The nethod according to C-aim 14, further conprising the step
of 1o hydraulically connecting the punp to the second control line via a
second val ve. 14. Thbkeneéthod agooditigng Chirgl &, fuither Cufipiing e Etepi 60 t he
steps of: nonitoring pressure in the first control 1ine using a first

pressure hpdiiacdically conmeeingdhe 3u&ﬁ;€tcﬁ tHeSfirs€ 6416l lihd ¥ DBPOFRet he first
valve and the first piston; 15 nonitoring pressure in the second

control line using a second pressure

5 15.  The method according to Claim 14, wherein the step of applying
pressure only to the second control line is performed in response to failure of the

first control line between the first valve and the first piston.

16.  The method according to Claim 14, further comprising the step of

10  hydraulically connecting the pump to the second control line via a second valve.

17.  The method according to Claim 16, further comprising the steps of:
monitoring pressure in the first control line using a first pressure indicator

connected to the first control line between the first valve and the first piston; and
15 monitoring pressure in the second control line using a second pressure
indicator connected to the second control line between the second valve and the

second piston.

18.  The method according to Claim 17, wherein the step of applying
20  pressure only to the second control line is performed in response to failure of the
first control line detected by observing a drop in pressure indicated by the first

pressure indicator.
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i ndi cator connected to the second control |ine between the second val ve and
the second piston. 18. The nethod according to Caim1l17, wherein the step
of applying 20 pressure only to the second control line is perforqg%gpqmﬁ
response to failure of the first control |ine detected by observing a dro

in pressure indicated by the first pressure indicator. 13 SEP 2005 PATENT
Attorney Docket No.: 20011 P003485 19. The nethod according to BAZENTS,
further conprising the step of closing thatteinestDacket Moprzan1IPeogu8s st ep
of applying pressure only to the second control line. 5 20. The nethod
according to Caim19, wherein the step of applying pressure only to the
second control line is perforned in response to failure of the first
control line below a well head, and the step of closing the first valve is

performed withig.he The shethatveecbaliagad @anve s, ferthet kbepdisiddthe step of
closing the first valve prior to the step of applying pressure only to the second

control line.

5
20. The method according to Claim 19, wherein the step of applying
pressure only to the second control line is performed in response to failure of the
first control line below a wellhead, and the step of closing the first valve is
performed with the first valve located above the wellhead.
10
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