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METHOD OF CONTROLLI NG A SUBSURFACE SAFETY VALVE 1% 3 or: Floyd R

Si nonds 20 BACKGROUND The present invention relates generally to
operations perfornmed in conjunction with a subterranean well and, in an

enbodi ment described herein, nore particularly provides a net hp@%k
controlling a hydraulically actuated 25 su t, NT
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progressively greater depths in wells. These increasing safety valve

dept hs have created numerous 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
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METHOD OF CONTROLLING
A SUBSURFACE SAFETY VALVE
15 Inventor: Floyd R. Simonds
20 BACKGROUND

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.



5 safety valve installed at a very deep location in a well. An increase in
the length of a control line brings wwth it the increased probability that
a failure will be experienced in the control line at sone point in the
productive life of the well. This is due to, for exanple, an increased
nunber of connections in the control |ine, an increased nunberPRa‘rEﬁqntrol

| ine tubing sections, an increased probabiligt 0~0f

installation, etc. Various solutions have b@ﬁora?%?ggl&e%ﬁ%?ﬁ%@iﬂ)ﬁ%}% th
this problem Unfortunately, however, these prior solutions have required
Installation of a | nor. di nat e anount of additional equi nt .at, t he, wel |,
undue conpl exity GWoYalvﬁrﬁrPﬁlQ%WI%dﬁaRﬁwvﬁlﬁ’ éﬁﬁ&’ RhsHy ‘ﬁgusai | ure
requiring replacement of the 15 safety valve, w_th the assqci ated expense
of killing tkBesgdnrreaping) safely vakve depthrbaveosreated imuneraus prehlems dorthospew
production string. What is needed is a nethod of controlling a

hydr aul i cal | sespensibleddr thamsdierinstalatieny andeperaiionsh does not require a |large
i nvestment in additional equipnent, which is relatively sinple in

[Tnes notalled 108 of e ToBRmeR tosb 8t e ot RN SUnispl BT 0
ggl(\:/l(\)ﬂrd\(?;/nl S\f?e{f%txrivggre%lgtahgf aP} 'vé}%:' cﬂ:les foc%{ioi[l rlag aRNett K irfc?é/agg 1il'l By lerilg'}h 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 inceased 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 nent thereof, a nmethod 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 provided. The
met hod includes the steps of hydraulically connecting a first control |ine
to a first piston of the well tool and hydraulically connectinﬁA ﬁqcond
control line to a second piston of the io mg#é toqb. Tp&zwell h@g

operable in response to pressure in the fir OFBf YBFKe |°nez,°°& |
tool is operable in response to pressure in the second control line. The
wel |l tool is operated. by applying pressure to both of the first and

second control lines, and then, inr Yo failure of the first control
line, 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 Ingantying oul thesprintiples afrtheppreperitinvension, éie dccondanaspeitiat i ng
the well tool by applying pressure to only the second control line. In yet
anot her aspeart embodinsertthaeof, aimsthotiioprovidedewhioH solves thet abwive ipnoblems 210
surface controll ed subsurface safety valve is provided. The safety val ve

i ncl udes 5 fithgtartand second pi stons operatively connected to an opening
mechani sm of the -3 PATENT Attorney Docket No.: 200l 1 P003485

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.

15 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



safety valve. The first and second pistons are hydraulically isolated from
each other in the safety valve. The safety valve is operated by applying
pressure to both of first and second control lines hydraulically connected
to the first and second pistons, 5 respectively. Then the safety valve is
operated by applying pressure to only the second control |ine.plhgagg and

ot her features, advantages, benefits and obj %ﬁﬁeﬁ&ﬁ? I SfiPod %ﬁsntion

wi |l becone apparent to one of ordinary ski IAI e’ a upon Car €
consideration of the detailed description of a representative enbodi nent of

the 1o invention hereinbel ow and the acconpanyi raw ngs. BRI EF
DESCRI PTI ON ®afety ‘@RAVﬁ‘N%S s Eswﬁmé%ﬁﬁyag%ﬂlsg& iplated, f5am paghy of a

first prior art method of 15 controlling a subsurface hydraulically
act uat ed wel ¢thepin thespfety yalve, 4 schematic cross-sectional view of a second
prior art nmethod of controlling a subsurface hydraulically actuated well

tool; and FIG 3 The safebhualueiis apevaied Jucapplyialg pressuref toaboily pbdirgr and
controlling a subsurface hydraulically actuated well tool, the method
enmbodyi ng prseconglcentol e hydraplicadlyntoninevtedt toothe figstPamdisgconst pistomnsy
Docket No.: 200l | PO03485

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 method of controlling a
subsurface hydraulically actuated well tool, the method embodying principles of

20 the present invention.



DETAI LED DESCRI PTION In the foll owi ng description, directional terms, such
as "above", "below', M"upper", "lower", etc., are used only for convenience
in referring to the 5 acconpanying drawings. Additionally, it is to be
understood that the various enbodi nents of the present invention described
herein may be utilized in various orientations, such as inclingﬁT NT

I nverted, horizontal, vertical, etc., and i ari ous fi 5

wi t hout departing fromthe principles of thgmﬁFggEﬁPdﬁﬁgghtéﬁﬂﬁi 6 235
Representatively illustrated in FIG 1 is a prior art nmethod io of
controlling 1o a subsurface safety valve 12. In the nethod io, two control
lines 14, 16 extend fromthe E‘{@EQMES@BIFJIPM vi dual punps 18, 20
situated at the surface. Thus, two conplete hydraulic actuation systens
are used one including the control line 14 and punp 18, and the ot her

i ncluding the control line 16 and the punp 20. If a failure is experienced
in one of the hydmathe following:teseniptipns directionad terngs, suple as figbiovelly Thelow”,
actuation systemis used to control operation of the sfiety valve 12.
Thus, the hytmppeti,c“lestriat eton anestused aule foredomtenianicat inv ekferring eto, thal y
one of the hydraulic actuation systens is used at a tinme. Note that one or
nmore act unt i fgopipangig dravtingd)owdditidnalye itsif ®t be valdestdod thimytheevarious

hydraulically connected to each of the control lines 14, 16, in which case
a 20 conpl exmbydindits 6f el freSint thvenfibe desttibel herdif tndybd Mglizdl iAtwirivas ve to
provide for the event of a failure in one of the control lines 14, 16. -5

orientations, such as inclined, inverted, horizontal, vertical, ete., and in various

configurations, without departing from the principles of the present invention.

Representatively illustrated in FIG. 1 is a prior art method 10 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 sfety 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 pisions {(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.



PATENT Attorney Docket No.: 200].1P003485 4 Representatively illustrated

in FIG 2 is another prior art nmethal 22 of <controlling" multiple

subsurface safety valves 24, 26. Redundancy is provided in this case by

installing nultiple conplete safety valve systens. One safety valve system

I ncludes the safety valve 24, a control line 28 and a punp 30. ﬂ'&g er 5
17Po

safety valve systemincludes the safety val ‘é%tg?ﬁ?%§°§§?§°9‘lzd‘1 iy sgdg%g(rjrsa

punp 34. If a failure is experienced in on y ‘va
the other safety valve systemis used. While the nethod 22 does gprovi de

redundancy in th event of.a.contro].li failur it .does so,ai’ th
expense of a | ar g&FF% tvety llﬁlfﬁqafqdoﬁhﬁéqailﬁr?gﬁﬁieﬁrﬂl%d omswlzéx‘?efty. 10
For exanple, duripg prqQduction of the wel| one of the safety, val ves,24, 26
nust be Iock‘&ﬂ‘t’iﬂ%@%%ﬁpﬁﬁt Swrtace sadely valves 2y 20 iiegem%l dgprovided in ms¢
be kept open_ using its associated punp and control line. In the fornmer
case, the | ofétkfegasegrpyemsgaéh@g yultipleccompletesafety sabiecsystemsanOnp spfety wylve
configuration (unlocked) if the other safety valve's control line fails,
and the ot hetystent ingjudesi the safety valnemmcqmoﬁ/ﬂwe% @pdra pumpt3oe The othercase,
both conplete saféty val ve systens nust be operated, tested and maintai ned

for the entisafetpvaliacystem ibcludenthetsafetyvedlive 26 Re¢amtrdl tige gddindi aopranpg4now t o
FIG 3, a method 40 of controlling operation of a subsurface safety val ve

42 i's represent alg \ée%a)flu'relz Iisu %ﬁ}gearge%%éd tilrl] eonréect)th ﬁlde 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 associated pump and control line. In the former case, the locked
open safety valve must be restored to an operating configuration (unllocked) 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 multifle complete safety valve

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



enbodyi ng principles of the present invention. The nethod 40 does not
require 20 nultiple punps to be installed at the surface, does not require
conpl ex downhol e hydraulic switching systens, and does not require nultioe
conpl ete safety valve systens. Instead, the nethod-40 provides a cost
effective, convenient and -6 PATENT Attorney Docket No. ZOOIﬁE

strai ght-forward means of ensuring that a c ntroI #ﬂgg iﬁ d%ﬁ§~ﬂ%

require pulling the production string of a 8
acconpl i shes these results by utilizing nultlple actuatlng plstons 44, 46

in the safety val ve 42. Each of the pistons 44 4 dra I
connect ed toﬂ%?lglgs 7d, egRs offensuripg fhat éd%?Pp&l nf@gﬁﬂ%m (R f@é‘ﬁ‘ﬂ? ng to
a renote location, such as the surface of the vveII Not e that pressure

applied to epullingthe prodaciersoingofaweb via its respective control line 48
or 50 is capable of operating the safety valve 42, for exanple,

0L 5Pl 20,7020 OPSH ARG Boofh Al e %@E@?““#‘ﬁﬁ?ﬁ"ﬁﬁ%ﬁh the
452, DL, L 00pb e I HEHE ol 0P o T B npBLE 1 L el
a2 saf ety Yal é%'@%%ék'; nf‘énger%%ﬁq%%@’sh%t? sy %%irs s Saf etiéaw%svgwgy OE%“UZZ‘Zd
and other t yl%lelisotgio grrxflslfllc ltflgs a{c%%%%g Weﬁ ot OO' S
Note that pressure applied to either of the pistons 44, 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



15 may be used, w thout departing fromthe principles of the present

I nvention. In addition, note that the pistons 44, 46 are hydraulically
isolated from each other in the safety valve 42. Thus, no hydraulic

swi tching systemnust be wused in the safety valve 42 in the event that a

failure occurs in one of the control lines 48, 50. 20 In normafl 'P@lﬁ’i‘ation
ﬁ;ﬁ({o i nes
n

of the safety valve 42, pressure is applied,to bot f t,

48, 50 by a single punp 56. Multiple punps é‘ft@nﬁ%tﬁ?c}ﬁhwf’é%%oq s%gé a
set of valves 58, 60 are used to select which of the control lines 48, 50
-7 PATENT Attorney Docket .. 2001l Poo3485 pr.essure.is applied to from

t he punp 56.P1'SF5NE%¥S @Piﬁ’r?grtﬁgl?%éﬁﬁppm 5€r§’§'§gr18 qogm%r&ﬁ, PEESBENHSof t he
control lines 48, 50, both of the_ valves 58, 60 _are nornally open. |f,
however, a fappligddo beth pktherconinol hnes 48, 50 hotly pf thealvesss, 69 are ﬁermsllly
correspondi ng valve 58 or 60 is closed, and the safety valve 42 is operated
using presspes. applied to the other control line. Thus, if a connector or
one of the |lengths of control line tubing in the control |ine 48 begins to

e R e LT e
comnegt o orsfASaS a8 o e SERKE ARl 0 ety !
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. Similarly, 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.



safety valve 42 will be operated using pressure applied to the control |ine
48. A failure of either of the control lines 48, 50 below a wel | head 66 of
the well nay be detected by nonitoring pressure indicators 62, 64 readable
at the surface above the well head and connected to the control I|ines,
respectively, 15 between the valves 58, 60 and the safety vaIve PATE Eﬁhe

pressure indicators 62, 64 are depicted in tto%ls)?’Dgt?k @198’8? but
ot her types of pressure indicators, such a pressure rans ucers,

may be used. A fai I ure of the control line 48 would be eV| denced by a drop

Shoul 0 b6 ¢l osed N6 %Yap&ﬁs%eﬁ?@ n%??aaﬁlrﬁ.ﬁsltémtﬁﬁp s BnbyfoeRtea oy

a drop in pre sur |nd ate byt e pressur in ich, case the
val ve 60 shoblewbnecwglibend rerpg Iséﬁégg/ torﬁoma 50874 FISHIRS S
Note that, in the met hod 40 fallure of either of the control |ines_48,
50 bel ow t hakem) abeéraahweﬂchgadeeNp@hmee@ the dowadolesatey yalvgde oreantedlt i ons
t aken, above the well head. No change in the downhol e safety val ve 42 or

control | i néses#s, 5ocdelew the weltheadG6meed tode made. to be nade. 5 It will be

readily appreC|ated by one skilled in the art that, if pressure applied to

only ore €1 e B3y HhailFoh iR b ARSHAIE bR BtV el e

to fail ur of on con pressure W

typically beapphed to only one of the pistons 44, 46 is used to operate the safety valve 42 due

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 presure 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 carefil consideration

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



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 i0 control lines 48, 50 to operate the safety val ve 42,
nmore pressure should be applied by the punp 56 to the control Iine.
However, it will be recognized that this is far preferable to pyENGg the
production string out of the well to repair | Q I n
nost circunstances, a control line failure é%{aeregﬁe)%l%gp%frr?s({dal:l?gﬁl@ﬁ and
15 verification of pressure integrity is experienced only after a well has

been in producti.on for an extended peri of 1] for | e ue to
corrosi on dﬂ&ﬁ@ﬁﬁwv%ﬁhF@PV&P%ﬁBﬁ&“I ewéﬁﬁPPﬁﬁubgﬁ@nPB%ﬁﬁﬁa Sc gﬁFfons.
In these circunstances, wellbore hydrostati ressure will |ikely have
decr eased duthanges gaay gﬁt@ﬂ%(iop@ﬁﬁ%ép%ﬁ ‘bﬁ@'&@f?‘éﬂmoﬁnm fich ¢hanses REe vel | |
and so a substantial 20 increase in pressure applied to the remainin
control |i necongmplated:dyr shgiinrinsiplesyof cther resent Jnyendions kiAgeerdingly: e ar t
woul d, upon a carefil consideration of the above description of

r epr esent at i foregoingdétaied dessription is ho/beclearly undenstdod asteing gimarely wagiof or ney
Docket No.: 200l I Poo3485 appreciate that many nodi fications, additions,
subst i t uty orifiusttation and example alicthe spiritrayeksoopy of thevprbsentdnyéndien beingi fi c
enbodi ments, and such changes are contenplated by the principles of the
present i nvelivited solélydsy thergpyndéddaims.

-10 -~



foregoing detailed description is to be clearly understood as being given
by way of 5 illustration and exanple only, the spirit and scope of the
present invention belng limted solely by the appended clains. -1o PATENT
Attorney Docket No.: 200l 1P003485 11111111 1111111111111111111111 VWHAT | S
CLAIMED IS: L " S 1. A net hod of controlling a subsurface hydr g

BRT! Y
actuated well 5 tool, the nmethod conprisin f IIy
connecting a first control line to a first %ﬁéﬁ%ﬁﬁ§ﬁ$%§.Wé¥%H ooé4
wel | tool being operable in response to pressure in the first control Ilne;
hydraulically connecting a second control line to a e
well tool, the well tool being operable in response e
second {0 control Ii ne;, operating the well tool lﬂﬂmmﬂﬂmﬂ%”!ﬂ to
both of the firstgpsryescenAmnvaepse! |ines; and then* | A riesponse #0
failure of the first control line, operating the well tool by applying

pressure only to the second control line. 15 2. The nethod according to
Claim 1, wherein a single punp is used in

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

-11-



the step V\herei—n—pfessuee—i_s_a.ppl ied to both of the first and second
control lines . The nmethod according to Claim2, wherein the sanme punp

is used 20 in m,’m'm, pressure is applied only to the second
control line. ﬁ' 1111111111111 11111 L PATENT
Att or ney Docket * 28018POD3485 4 4. The method accor di ng t

further conprisi ng the step of hydrauli cal ctl t‘he %?%F
first control line via a first valve. 5. Thé&%”? r°di

further conprising the step of 5 hydraulically connectl ng the Py to the

second control lilt v nd val.ve. 6. The thod accor.din to Claimb5,
further conprisi g th@t@ﬁ&‘ogfacm toGlaig gr TCQIRPHISBE fthe stenpht r o

line using a first pressure indicator connected to the first control |ine
bet ween t he Ipidraylically gennertingtthe pumpt tojhe fisst:contral line vigsifirst valve.pr essure in
the second control |ine using a second pressure indicator connected to the
second control line between the second val ve and the second piston. -12

| 1111111it 111211 fil111th11111 S PATENT
5. The method according to Claim 4, further comprising the step of

5 hydraulically connecting the pump to the second control lie via a second valve.

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 tnonitoring 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 ~



Attorney Docket No.: 200l 1P003485 7, A nethod of controlling a subsurface
hydraul i cal | y act ua{—ed—wel—l——t_gol_,._t_he nmet hod conprising the steps of:

hydraulically conn a first control line to a first piston of the well
tool, the well to }’iﬁ , ﬂﬂtmmln response to pressure in the first
control line; 5 hy cting a second control line o

econd
pi ston of the well tooI the wel I t ool Dbei Q Lo E?
pressure in the second contr ol i ne; opera%ﬁ%@g%wt’géw@%g
singl e punp applying pressure to both of the fi rst and second control
lines; and 10 then operati e wel t ool wusi t
pressure to only" the%@'@&ﬂ‘gﬁ @gr?PFB'Phqgn%S‘l u %&rﬁ@gagg%t%v{%ﬁg aim
7, further conprising the steps of: hydraullcally connecting the punp to
the first c&ﬁgf‘éhellnie dﬁoarwsmgﬂlesms\ﬁé 15 and hydraulically connecting
the punp to the second control line via a second valve. 9. The nethaod
according to O aibidrulically eennachag aifirt emteg) fingitn g firsiopigionsdthe welitgok o t he

second control line is performed in response to a failure of the first
control |i ndhewel tool being operable 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 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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1_11111111111111111111111111111 * CL MS PATENT Attorney Docket No.:
20011 PO03485 1u Anettod—of —Tcontrtol ling a subsurface hydraulically

actuated wel | onprising the steps of. providing the well
tool as a surfac mm EI“E lmty val ve, the safety valve including
first and second pi stons opersat *vel y connected to an openi ng Béﬁgfﬁm sm
of the safety valve, and the first and seco | St cally
i solated fromeach other in the safety val v'réﬂw% ﬁf’aﬁ’ R%%Os({ﬁ

ve by
appl ying pressure to both of first and second control Ilnes hydraullcally

operating Lhe sarbty vhAInGy o onpoAE A baR GO leal Sk wellont o

line. 11. The method according to Claim 10, wherein the step of applying
pressure onl {polghe method enmapuging te stepmef:i s performed in response to

failure of the 15 first control line. 12. The method according to Claim
| 0, wherein a si rmgpeidingrihe wellitand as arsurface sordpolladsabaty valvesthersafets valpp| i ed
to both of the first and second control |ines. 20

including first and second pistons operatively connected to an opening
5 mechanism of the safety valve, and the first and ®cond pistons being
hydraulically isolated from each other in the safety valve;
operating the safety valve by 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 appliedto only the second control line.
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13. The method according to Caim12, wherein the same punp is used in the
step wherein pressure i s apptiedte—enly the second control line. -14 If

RERRRRARARERETNNE Mumwmﬂ i fPATENT  Attorney Docket No.: 20011P0o03485
14. The nethod accowWeiRmy 'Hm’ﬁ'ﬁZ further conprising the step of
hydraul i cal |y connectihg %t he psnp*to the first control line vi apRATRENTS!
valve. 5 15. The nethod according to Claim | e ‘&g | yi ng
pressure only to the second control |ine is}%%"?&%‘ﬁ?g@pﬁtmrefs %ﬁg@ %3%0
failure of the first control |ine between the first valve and the first

pi ston. 16. The nethod according to Caim 14, further conprising the step

of xo hydraulically connecting the punp to the second control line via a
second valve. 17. The_nethqQd according tQ Caimi§, further cqnprising the
steps of: nonitddng 'IB%ee@§ 2GEOrHBE Pr(‘g"t‘mbé%t er icﬁ@PJ§mﬁga'§ $tPP§?
pressure indicator connected to the first control |ine between the first

val ve and t Wevdrrplieallyiconnectingihe pummistihe Sirstrgniobinevia 4 first vdveecond

control line using a second pressure indicator connected to the second
control line between the second valve and the second piston. 18. The
met hod according to G aim1l7, wherein the step of applying
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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20 pressure only to the second control line is perforned in response to
failure of the__first control line detected by observing a drop in pressure
indicated by the first pressure indicator. 15 liii 21121111 11111 Il 11

PATENT M S* Atlé L » (W : 20011 PO03485 Y9. The nethod according to
Claimi8, furth mlmm m, step of closing the first vali.; T LOor to
the step of appl yingy predtsuse only to the s nd ont r 11 égggjoThe
nmet hod according to Claim 19, wherein the s?&ﬁ’rﬂ?ngﬁé\f?ﬁ?g é‘g(f%g Snl y
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 with the first valve | ocated above the well head. 10 -16

19. The method according to Claim 18, further comprising the 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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