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VALVE DEVICE AND ASSOCIATED METHODS OF SELECTIVELY
COMMUNICATING BETWEEN AN INTERIOR AND AN EXTERIOR
OF A TUBULAR STRING

10
TECHNICAL FIELD

The present disclosure relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
15 more particularly provides a valve device and associated
methods of selectively communicating between an interior and

an exterior of a tubular string.

BACKGROUND

20 In certain well operations, it is desirable to provide
for selective fluid communication between the interior and
exterior of a tubular string. For example, in a single trip
multi-zone gravel packing operation, several packers in a
tubular string may be set in a wellbore. Selective

25 communication between the interior and exterior of the
tubular string is desirable in this operation to provide for

testing of the packers prior to gravel packing.

In the past, this packer testing function has been

accomplished by opening ports in the packers themselves or



- 2 - in the tubular string between the packers. Unfortunately, these
t echni ques have al so involved either opening ports which cannot be
re-closed, or manipul ati ng another service string within the tubul ar
string. 51t will be appreciated that a permanently open port in the
tubular string is highly detrinental f2its associated packer is

| eaking (e.g., requiring that the tubular string be retrieved from
the well), and that intervening into the tubular string wth anot her
servi ce strimngheotubuleki sexridd wittvden Thiel PacReASUM MgFathnately,
hazar dous. Thegetore, it ngéibe_seeq tHﬁ%,iggrovenents are
needed in {HESEr FEEROPABGT PG B IVE LYEMEBRFRET | P BRI IRST Ehe
interior aptiekteahAbtObeardLdbsdd,Sior iAniPUChLEAP! AVEERN il be
useful in packer testing as discussed 15 above, and al so in other

oper at i ons S&GERIa¥LER R UFRR i P @S TERG,: aci di zi ng, fracturing,
produci ng, injecti conformance, efc. SUMVARY 20l n the present

n :
speci figati on, 5%5&% BR vRRRE Stk dbadt 8JPREPABGRE LY PRFHRYGE] 10

whi ch sol venat theaghrogerpi@bl £midghlvhalediimefbgl exanpt £ dssdtgseldbed
bel ow i n which the val ve, device provides for selective fluid )
communi cat PEAXEEL hEehSRRERY ntRrT or ZEAPIENGr EBRToFRY TUBISL Sfrigg.

25 Anot her nexaepkeeteddesen i Biegl R0y iamaMihel $HEEr¥éMinly into the
comuni cation results only, if an associated annul ar seal ]|eaks, in

whi ch case "hE195| FEX4RY| CEth AnPdate sarydeq FFERBAL (PhtERAHin®g i nto
the tubgl aktslhi Y. tiNeOBEnASRBL) ardl Walzv@ddayl ce i s provided which

Therefore, it may be seen that improvements are needed
in the art of providing selective communication between the
interior and exterior of a tubular string. Such
improvements would be useful in packer testing as discussed

15 above, and also in other operations such as circulating,
cementing, acidizing, fracturing, producing, injecting,

conformance, etc.

SUMMARY

20 In the present specification, a valve device and
associated methods are provided which solve at least one
problem in the art. One example is described below in which
the valve device provides for selective fluid communication
between the interior and exterior of a tubular string.

25 Another example is described below in which such fluid
communication results only if an associated annular seal
leaks, in which case the valve device can be re-closed

without intervening into the tubular string.

In one aspect, a valve device is provided which
30 includes an openable and closable flowpath for selectively

permitting and preventing flow between an interior and an



30 includes an openabl e and cl osable flowath for selectively
permtting and preventing fl ow between an interior and an - 3 -
exterior of the valve device. A lock assenbly prevents the flowpath
frombeing cycled fromclosed to open greater than a predeterm ned
nunber of tinmes. In another aspect, a-ngthod of testing at |east one
5 annul ar seal in an annulus forned between a tubular string and a
wel | bore wall is provided which includes the steps of: sealingly

engagi ng t ketraradl-abrseré Rl i8Rl evenbek! Qe & DH Girdvitm tanukus
across the annul ar seal; and applying a pressure differential across

the annul arf 19¥RPtRoEFRARI RBINA CHER] TROMaRAAFER SRaPPER HE R eSS then

differenti al phelBge2RPhé&thivhisea Jflpigedevi ce interconnected in the
tubul ar string. The pressure differential applying step may include

transmitting pressHhetRE: WeSHed), Itihel bEovepessaos: Ofedddte ohabul ar
string and the_annulus via the val ve device 15 without permtting

fluid commIAPEaBFoReRbt #R e tHIHMIfeEMgdgPehEe e Ry pHklege StTHEY

nmet hod may sn@chugeliberst @Rl Pfis iRl delewvhieasunel didd aimrntdeabs of:
appl ying step, .closing the valve device interconnected in the tubular

string, thSFEBYNELEVERTRGENY Ithe covywharki e8elohot HroRRY e ety & low

device 20 hetwagh the ammelws AVbaN thlt ehhQliaf! S¥a PASSROGR1ViRE a
tubul ar string. "The closing step nmay be perforned w thout
mani pul at i RgeERBreuBLf ferentialy ami@sdm theuannaler \weahda itereky

tubul aggst kiedd. the Y¥RhuPIPLNEL1 ASPRCLredshifsl aSYBLAML QN DRl
havi ng 25 an annulus fornmed between a tubular string and a wall of a

wel | bore | a@pdded Wit ¢ pyeleetdevgicaadmiearosaarsed okh s itwpuliae

annul us at ghongit udipal | ye sNace diaitaidenk g at spgfﬁyie{@ tdt £AGHROf nbRBde
sets including at least two annular seals. Miltiple valve dévices are
openabl e arda8ppshbledi PresxpohRet3@eng apainhetr oor of Leyw essgege afan

interior flew pagaage Qérilth YUY aShih0E- VEQC%?LY&J% lMee

devi ces thereby selectively pernmits and prevents conmuni cati on
bet weeh3t h&@ithpeki berii bW pastags @emmundcanhon usetwaryi thlhdgi manuyus

and the flow passage. The method may include the step of,
after the pressure differential applying step, closing the
valve device interconnected in the tubular string, thereby
preventing fluid communication through the valve device

20 between the annulus and an interior flow passage of the
tubular string. The closing step may be performed without
manipulating the tubular string and without intervening into

the tubular string.

In yet another aspect, a test system for a well having
25 an annulus formed between a tubular string and a wall of a
wellbore includes multiple sets of annular seals for sealing
the annulus at longitudinally spaced apart locations, with
each of the sets including at least two annular seals.
Multiple valve devices are openable and closable in response
30 to variation of pressure in an interior flow passage of the
tubular string. Each of the valve devices thereby
selectively permits and prevents fluid communication between

the interior flow passage and the annulus longitudinally



- 4 - between the annul ar seals of a respective one of the sets of
annul ar seals. In a further aspect, an annul ar seal assenbly is
provi ded which includes at | east two annular seals and a 5 val ve
device with an openabl e and cl osable flowath for selectively
permtting and preventing fl ow betweeA @an-interior of the seal
assenbly and an exterior of the seal assenbly |ongitudinally between
the annul ar seals. The val ve device also includes a | ock assenbly

whi ch preveritwedfl the &howpat hsddlamdieiangeepebedvérome o seteped
greater than a gredetirnined nunber of tinmes, with the flowpath being
cycl abl e f PBRULPEsE82L8 open at | east one tine. These and ot her

features, advantages, benefits and objects_w ||l becone parent to
one of ordinary&gk?IFuFFP?¥m9%R?%1% QEhgﬁnB&PEfﬁ?a oﬁﬁﬁ?ﬁgiﬁi%ﬁﬁ of the

dﬁt ai | ed d@&@ﬁrﬁ_ﬂégoﬂhﬂéhrﬂmﬁﬁﬂﬁm aﬁﬂ' \l%a%:EdeblnEﬂhﬁl&h_erﬁéﬂ@ljamﬂ ang

t he acconpanyi ng .drawi ngs,, i n I C i m|ar enents_are indicated in
the varboudPHVEUREELES| Roth HEh CRRNYRIFCABACELAGRBL? SELOHPHA Her
DESCRI PTI O¥e@ectlifze DRAVEMNS ting ddGprbvestangChesmtbsrwaai iadl | Y
cross-sectional ,view of a test system and associ ated net hod enbodyi ng
principleslGFefﬁgerESE%? %ﬁ%&j%ﬁ%ﬁﬂ?ly and an exterior of the seal

assembly longitudinally between the annular seals. The

valve device also includes a lock assembly which prevents
10 the flowpath from being cycled from closed to open greater

than a predetermined number of times, with the flowpath

being cyclable from closed to open at least one time.

These and other features, advantages, benefits and
objects will become apparent to one of ordinary skill in the
15 art upon careful consideration of the detailed description
of representative embodiments hereinbelow and the
accompanying drawings, in which similar elements are

indicated in the various figures using the same reference

numbers.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic partially cross-sectional view of
a test system and associated method embodying principles of
the present disclosure;
25 FIGS. 2 & 3 are enlarged scale schematic quarter-

sectional views of an annular seal assembly usable in the

test system;

FIGS. 4-8 are schematic quarter-sectional views of
another configuration of a valve device usable in the

30 annular seal assembly;



25FIGS. 2 & 3 are enlarged scale schematic quarter- sectional views
of an annul ar seal assenbly usable in the test system FI GS
4-8 are schematic quarter-sectional views of another configuration of
a val ve device usable in the 30 annul ar seal assenbly; - 5 -

FIG 9 is a schematic quarter-sectionalsview of another configuration
of the val ve devi ce; FIG 10 is a schematic quarter-sectiona

vi ew of anot her configuration of the annul ar seal assenbly; 5FIGS.

11-15 are schempiizc 9r 9§Ss SEAdrNalc Yuaws ol sapet H8L1 Gonf B ahiceReef
t he val ve devi ce; FIG 16 is a schematic partially

cross- sect CORaLIYFratior ehothvalye deydeem and associ ated met hod
enbodyi ng princiEIes of the present, disclosure; and 10FIG 17 is a
schematic parti 8FFy &P 033 -3 tANBIRhLcy IBRTELT aRBEREPRSRIHEY &F using

the valve devieer BETA&EROESCRPEHNahhul§rt SebE sulapsitood t hat

the various enbodinents 15 described herein nay be utilized in

varioussorient akir@ns, 18UCH &% iRHdmRde cRY¥EELEE:t [\Od Z Miladls of
vertical, etc., and in various configurations, wthout departing from
the princi gresher earfpgesaiioniof tbeyvalvehdeeheddi nents are

descri bed nerel¥ as exanpl es of useful applications of the .
IG. 16 1s a schematic partlally cross-sectional view

of another test system and associated method embodying

principles of the present disclosure; and

10 FIG. 17 is a schematic partially cross-sectional view

of another method of using the valve device.

DETAILED DESCRIPTION

It is to be understood that the various embodiments
15 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 disclosure. The embodiments are
described merely as examples of useful applications of the
20 principles of the disclosure, which are not limited to any

specific details of these embodiments.

In the following description of the representative
embodiments of the disclosure, directional terms, such as
“above”, “below”, "upper”, “lower”, etc., are used for

25 convenience in referring to the accompanying drawings. In
general, “above”, “upper”, *“upward” and similar terms refer
to a direction toward the earth’s surface along a wellbore,
and “below”, “lower”, *"downward” and similar terms refer to
a direction away from the earth’s surface along the

30 wellbore.



20 principles of the disclosure, which are not limted to any
specific details of these enbodi nents. In the foll ow ng
description of the representative enbodi nents of the disclosure,
directional terms, such as "above", "below', "upper", "lower", etc.,
are used for 25 convenience in referring to the acconpanying

drawi ngs. In general, "above", "upper"”, "upward" and simlar terns
refer to a direction toward the earth's surface along a wel | bore, and

"below’, "l over kepidsunvat e BAdi SiuBdrakcbiei ASFIEf €1 10 @t@srte%ytseam
away fron1the earth's syrface along the 30 well bore. _-

Repr esent ati% #PycP| PESPELER PTG esloﬁstﬁetEE?S%Q%tQ%ﬁQQ?SNﬁPch The

enbodi es prieR&l Biygseffl 10 hen prieseixdipiel 9s8Upsrt THE 48 bvepitiemeld in
this exanple is part of an overall well system 12 in which a

mul ti - zone SYF4FB| 1pathi Woylehet 416705 vsapel peadlbiie eresadion 1s

which 1§ 1 $0088i HBArbLNAA 2SS & §fli cBULitl PEEIRSLKE St P praddhar test
seals 14, 16 prior to t he' gravel packing_operation. However, it

shoul d be @UAAPYeURBSKRYDoRK t3MUlEke SEALACE B e36 T YN Salithel e5arel
are not |i Mak@ednfOopsLatiodd testing annular seals for gravel packing
operations, or in any particular testing operation. Instead, the

principl es descgbRedeher £i B P Bl SadakNyauides ¥edd eéﬂétOfthe
di fferent techniques, operatlons and configurations. As depicted in

FIG 1, th®TARAGPARSsefl&hisy AirE lpeares apar pobf LHn tath ficarisse an

assenbi y 1%e's'ﬂ§.ﬁ?caﬂﬂﬁﬁﬁdséﬂ@ ftdib‘élx%'ireit bh8R; vE méﬂl%%d b@ n
wel | bore 22 his exanple, the wellbore 22 is” provided

protectlveaéaspﬁﬁtﬂgu8%¥l?ﬁﬁE}Qﬂ1QR%ﬁéﬁlﬂalI ZBS¥%ﬁdtfﬁ?QMﬁﬂlB§#Ele§ut
in other exyaEBkesclihBepelh MR4P P WsdddenUACASEE PAr RSN of AiWREEENt

techniques, operations and configurations.

As depicted in FIG. 1, the annular seals 14, 16 are
15 part of an annular seal assembly 18 interconnected in a
tubular string 20 positioned in a wellbore 22. In this
example, the wellbore 22 is provided with protective casing
24 defining an inner wall 26 for the wellbore, but in other
examples the wellbore could be uncased or open, in which

20 case the inner wall would be defined by the wellbore itself.

The annular seal assembly 18 is used to prevent flow
longitudinally through an annulus 28 formed radially between
the tubular string 20 and the inner wall 26. 1In this
manner, the seals 14, 16 provide for isolation in the

25 wellbore 22 between two formation zones 30a,b intersected by
the wellbore, thereby allowing the zones to be independently

stimulated, gravel packed, produced, isolated, etc.

The tubular string 20 also includes various other
equipment, such as screens 32a and 32b, gravel packing tools
30 34a and 34b (e.g., flow control devices, seals crossovers,

etc.). Of course, any number, combination, configuration



20 case the inner wall would be defined by the wellbore itself.

The annul ar seal assenbly 18 is used to prevent flow | ongitudinally

t hrough an annulus 28 forned radially between the tubular string 20
and the inner wall 26. In this manner, the seals 14, 16 provide for
isolation in the 25 well bore 22 between7two fornation zones 30a, b
intersected by the wellbore, thereby allow ng the zones to be

i ndependently stinmul ated, gravel packed, produced, isolated, etc. The

tubul ar st Endg c20a2ksAgbREhHASS Malld QS aBNBENBAULRRBhentS U &%
screens 32a and . 32b, gravel  packing tools_30 34a and 34b (e.g., flow

control deViS€8sinskgPBIRY geklly e Rapiwcirler ebubles &hseinmise-,
conbi nation, configuration - 7 - and/or _arrangenment of this _or any
ot her equi pment TREY*BRUHREESH! 1G555TRg YwilBhat e PREHAST & V&L YEni s

di scl osur edevice 38NghaERULST eSiEB}e135 pR R Y s18nal §9e{r&9&s1¢qsli@ val ve
device 36 which selectively permts and_prevents fluid 5

communi ¢at CORMYBLGRERCR eeBRRR U@ raNd U 2BndBE| 3R MW s S4G% of

the tubul apasbhigBIoB0thd Ll farBieng RS Seal LAYs i Mhaai t wref each
of the annul ar seals 14, 16 may be tested after the seals have been

engaged t o S§8afPghénhastit 2B ansthwedn threannBlREr 582} Nt 20 Caayt ke

inner wal |l +28+ed0FercXelP| Soaid HhR %%éhseﬁéagéé 86 e Sel e RngsguLe
or nechani cal force, then the val ve device 36 fmay be opened after the

seal s 14, 28 ke&vsen. the gahianngtnifen 20e28fpthedireey heldn?l-us 28
| ongi tudi nally between the seals 14, 16 via the open val ve device 36
fromth® interi 8PTf pBHRLR pakhddie Seathe 1eubdf aprst $¢ PR PrASSUESt O

the seal i Nngechanical force, then the valve device 36 may be opened
after the seals 14, 16 are set. Pressure may then be
applied to the annulus 28 longitudinally between the seals
14, 16 via the open valve device 36 from the interior flow

15 passage of the tubular string 20 to test the sealing

integrity of the seals. Note that, during this testing
operation, fluid communication radially through the screens
32a,b is preferably not permitted (e.g., by closing sliding
sleeve valves (not shown) or other flow control devices for

20 the screens).

Several unique features of the valve device 36 allow
the testing operation to be performed without intervening
into the tubular string 20, without manipulation of the
tubular string, and/or with the ability to re-close the

25 valve device even if one or both of the seals 14, 16 should
leak. These and other features of the valve device 36 are
described below in detail for several configurations of the
valve device. However, it should be clearly understood that
the principles of this disclosure are not limited in any way

30 to any particular features or combination of features

described for the valve device configurations below.



integrity of the seals. Note that, during this testing operation,
fluid conmunication radially through the screens 32a,b is preferably
not permtted (e.g., by closing sliding sleeve valves (not shown) or
ot her flow control devices for 20 the screens). Several uni que
features of the valve device 36 allowtge_testing operation to be
perfornmed wi thout intervening into the tubular string 20, w thout
mani pul ati on of the tubular string, and/or with the ability to

re-close the 25ruakbyeifgvigei evaihilly oR% @6 Poth of the s&dl Syldenl6
shoul d | eak. These and ot her features of the valve device 36 are

descri bed B& &®% FRPYeartatbrekedrldstesiedgiihhinnshofcatiga fdve but

devi ce. HowpWe#h, firbmSHRY| Hoi fdSaTds thdee3hogdst8at 4 hegdir i ncipl es
of this disclosure are not |[imted in any way 30 to any particul ar
features oftlddfbirasivenchrriieat uritadddeti bba Lpkerher Elaie eesage

confi gusat i;gngebeh@Weubal8r -string PR xdteRdsatdhli 00al d y1 NPW R WEhG
2, the test system 10 is representatively illustifated wthin the

casing 24, thet taphr 6YsEem the Indiaidider toe enauher| seyk e 126 pad
i1l ustratiygeckaliibyaedote ibat fﬂg A8 RisOh 8f !Lﬁ"‘(?ﬁgéff&ﬁ £ HheOf the

tubul ar string 20 extends |ongitudinally throug test system 10,
i ncl udi ng BEalanAdl at 6 salad sthel valgeasigvilge ¥4k ve device 36. The
annulus 28 is exterior to the seals 14, 16 and the_ val ve device 36.
In this configufattbas ¢erfigpatisunl the uppparseal B 115 part of a

hydr aul j cahb¥,38 1 PREKF! s 40, p AL A MRy ,vgln»setﬁs%&fvé%éﬁééﬁ%r R ated
with the packer, so that the packer and valve device are a single
wel | tool fBHFOrRPERERANEEER drhe rPadien,ulsal dhast Fhegeaaken mnsbvelast

the lover $ealiclbaks RALin@le ANOUNILJY G0k hedlbynSote RAFKE 142
which is preferably 15 of Tonventional construction.
tubular string 20. In contrast, the lower seal 16 is part

of another hydraulically set packer 42 which is preferably

15 of conventional construction.

In other examples, the valve device 36 could be
incorporated into a single well tool with the lower packer
42, the valve device could be incorporated into a single
well tool with both of the upper and lower packers 40, 42,
20 or each of these devices could be separate well tools.
Thus, it will be appreciated that any combination or
arrangement of the devices described herein may be used in

keeping with the principles of this disclosure.

Since the lower packer 42 in the example of FIG. 2 is
25 preferably of conventional construction, it will not be
described further herein, except to note that it preferably
includes slips for gripping the inner wall 26. The upper
packer 40 in this example preferably does not include slips
for gripping the inner wall 26, and so the lower packer 42
30 is preferably set first, followed by setting of the upper
packer. This is accomplished by applying increased pressure

to the flow passage 38 to set the lower packer 42, and then



I n ot her exanples, the valve device 36 could be incorporated into a
single well tool with the | ower packer 42, the val ve device could be
incorporated into a single well tool with both of the upper and | ower
packers 40, 42, 20 or each of these devices could be separate well
tools. Thus, it will be appreciated thayp any conbi nation or
arrangenent of the devices described herein may be used in keeping
with the principles of this disclosure. Since the | ower packer 42 in

the exanpl guefhblkGindriss2hg pEted eiraddigtref i60RMENELONaba S rHec ideln,
it will not be described further herein, except to note that it
pref er abl y thScPEBEE BRFRET4P- gripping the inner wall 26. The upper
packer 40 in this exa ref erably does not include slips for

|.e
gri ppi ng t he i nfigr 2nBFFA9EIBINES L avigd PHwBrepatker 1oty flow _
preferably psekaler s, &obheyediiyk set tinngnelf upper UpRAEkePapkeri11Thi s
i s acconplished by aﬁplylng i ncreased pressure to, the fIOM/passa%e 38
to set ?heIMBELSpatRerehy admriifh the grespirenthte e rEHIeT the

pressure i BriBgul-bOYh PaRes agitarhie S als (iR a4RREENRACKLEsIPre Aln 3he
predet erm ned | evel of ﬁressure in the flow passage 38, a burst disk

44 in the GPPELupadRelild GRYTe R Mifttane 48t her eb§P hare By dlve and

pressure i nbagataRAARELy 4ompF &S5 WHR ahnll8rchagbef s 46 kugaler than
pressure in the_ annulus 28 will cause a piston 48 to displ ace

upwar dl y ak@diaadit aatvardly omankiag fdeafralatnseatealing her eby

radial by owhwag@h¥neXyeemli itk tHtheeqla1inke . Seal L ngp 10- engagrent with
the inner wal'l "26. A slip or ratchet mechani sm 50 prevents the piston

48 from di §BF8ePAEMdeInNER RIS fthehdistessdBeframt FesRlaging 46

decreases. goynwardly if the pressure in the chamber 46 decreases.

Note that there are many different ways of sealingly
engaging a seal, and that the hydraulically set packer 40 is
15 just one example. Other ways include mechanically
displacing the seal, swelling the seal, inflating the seal,
etc. Thus, it will be appreciated that the principles of
this disclosure are not limited to use with hydraulically

set packers.

20 Referring additionally now to FIG. 3, the test system
10 is representatively illustrated after the upper packer 40
has been set. The upper seal 14 is now sealingly engaged
between the tubular string 20 and the inner wall 26, with
the lower seal 16 having previously been sealingly engaged

25 Dbetween the tubular string and the inner wall, as described
above. A section of the annulus 28 longitudinally between
the seals 14, 16 is now isolated from the remainder of the

annulus.

Pressure in the flow passage 38 has been further
30 1increased to another predetermined level to thereby rupture
another bust disk 52 which initially isolated the chamber 46
from the annulus 28. After the disk 52 is ruptured, fluid



Note that therexare many different ways of sealingly engaging a seal,
and that the hydraulically set packer 40 is 15 just one exanple.

O her ways include nechanically displacing the seal, swelling the
seal, inflating the seal, etc. Thus, it will be appreciated that the
principles of this disclosure are not- lligm-ted to use with
hydraulically set packers. 20Referring additionally nowto FIG 3,
the test system 10 is representatively illustrated after the upper

packer 40 hammbegBasebn THepéiiert e detitens tROVE SR pAHAGLBBAGRE
bet ween the tubular string 20 and the inner wall 26, with the | ower
seal 16 haifg2pPEIFPBUéPy been sealingly engaged 25 between the

tubul ar string a as dﬁ§cribed above. A section of

d the_inper 1,
the annul us 28 FEﬁgF?ﬁﬁFan1yﬂ%é?ﬂkéﬁmﬁ g PESFEUIQ, ta%sted &K

i sol ated freq@mphe, rBrespeeyiny dritesaiteultds thBr eseHr saddnddiad,l @iich
passage_38 has been tﬂrther 30 increased to_anot her gre et erm ned

level to t REFEBYIPUBELF PAAHBINISEEdIitoKthe ARREHIF MG iRatpen the

i sol ated tRkeagBamheri146 frereiteawiuluse 28alhf 18] ithedhigk 2AenS
ruptured, fluid - 10 - communication is permtted between the fl ow

passage 38 fdNddt heSEnARR(Rr Jresfigesecserse vE1ibe RRfastast dasipe

tested, forriexwaprk8agly3@pplying pressure to the flow passage 38,
whi ch 5 pressure mﬁl? be conmuni cated to the annul us 28 between the

seal s 14, 16. |hdeithehadfedionetdl (skdh 46 beaksxs] het [y wiad hess

and/ or ﬁressure,decrease will be detected in the flow passage 38.
Addi ti dPal U864 phefestied ntadedaiayne vbdeh) ofpthpesadlsidda 6 1s

desired to1dekehgl ner phhsheidr tdie tsealseald, 146 16 1sakddibing,§ theht her
of the seals 14, 16_is |eaking, then the gravel pacqug oper ati ons
may procee&helﬁrﬁﬁﬁ} PRekypg Operations may proceed. If only one of

the seals 14, 16 is leaking, then a decision may be made
whether or not to proceed with the gravel packing
15 operations, or whether to retrieve the tubular string 20 and

replace any of the packers 40, 42 and/or seals 14, 16.

Referring additionally now to FIGS. 4-8, another
configuration of the valve device 36 is representatively
illustrated. In this configuration, the seals 14, 16 can be

20 pressure tested without necessarily opening a flowpath to
fluid communication between the flow passage 38 and the
annulus 28. Instead, the flowpath opens only if one or both
of the seals 14, 16 leaks. Once opened, the flowpath can be
re—closed, in order to again isolate the annulus 28 from the

25 flow passage 38 at the valve device 36.

In FIG. 4, the test system 10 is depicted prior to
setting the upper packer 40. Note that the lower packer 42
is not illustrated in FIGS. 4-8, but its operation would
preferably be the same as, or at least similar to, that

30 described above for FIGS. 2 & 3.

Preferably, the lower packer 42 would be set (prior to

setting the upper packer 40) by increasing pressure in the



the seals 14, 16 is |leaking, then a decision nmay be nade whet her or
not to proceed with the gravel packing 15 operations, or whether to
retrieve the tubular string 20 and repl ace any of the packers 40, 42
and/ or seals 14, 16. Referring additionally now to FIGS. 4-8, another
configuration of the valve device 364 g1representatively illustrated.
In this configuration, the seals 14, 16 can be 20 pressure tested

W t hout necessarily opening a flowath to fluid comuni cati on between

the flow paasagpad8agedss heo anpidietd@nihagt eadelt hepfdmiat R ropaas
only if one_or both of the seals 14, 16 1eaks. Once opened, the

flowpath cdnONePPESERBsEd, P ridiet b dgsrRaped| SEECiaRe “hamdthess

fromthe 2§>rfeb@waaa§ﬁage1éﬁ%eﬁtté hestvahee ugpékCBadRer 40 FI G 4, the
test system 10 is depicted prior to setting the upper packer 40. Note

that the |ower packeg.42, |§hélQ=Iysit|énU51t0r QtsedepﬂcEé@Saf'lf‘eﬁ tHUtables
operatlon woul d r ferabl%gbe t he sane as, | east simlar to,

that 30 de?@ﬂk&éd bB3e Porn Fitis The @urSH Gexﬁba%%alg%s LYY a

predet er ni Regtuewal, . ai?ﬁeﬁﬁélrlﬁléﬁbri g hiagwapagsased 3wt dd hempbess
i ncreased further to_another predetermned |level to set the upper

packer 40. 3nf Fpglably gt emerdeng &Bpi epey hf trtQ ﬁ@q}ﬁﬁ@ 5

packer 40 RagabemBnseyitHhendUinderdiai1446has been ruptured, and the
pi ston 48 has displaced upward to conpress and radially outwardly

extend the seal ndfel Dh&t sephdth EREDGRMEAL sl Dibherd IR Pt sk
10 44, one or more shear screws 54 may be used to restrain the
piston 48 until the predetermined pressure differential from
the flow passage 38 to the annulus 28 has been achieved.
Thus, it will be appreciated that various different
configurations of the packer 40 can be used in keeping with

15 the principles of this disclosure.

In FIG. 6, the system 10 is depicted after the pressure
in the flow passage 38 has been further increased to rupture
the burst disk 52. However, note that there is no fluid
communication between the flow passage 38 and the annulus 28

20 at this point.

Instead, a floating piston 56 continues to provide

fluid isolation between the flow passage 38 and the annulus
28. As pressure in the flow passage 38 is increased or
decreased, the piston 56 may displace respectively

25 downwardly or upwardly (depending on the pressure
differential between the flow passage and the annulus 28 at
any given time), but unless at least one of the seals 14, 16
leaks, there will be no fluid communication between the flow

passage and the annulus.

30 As depicted in FIG. 6, the piston 56 has displaced
downward somewhat (as compared to its position as viewed in

FIG. 5) due to the pressure differential from the flow



Note that, instead of ~or in addition to the burst disk 10 44, one or
nore shear screws 54 may be used to restrain the piston 48 until the
predeterm ned pressure differential fromthe fl ow passage 38 to the

annul us 28 has been achieved. Thus, it will be appreciated that
various different configurations of the2packer 40 can be used in
keeping with 15 the principles of this disclosure. In FIG 6,

the system 10 is depicted after the pressure in the fl ow passage 38

has been f yalskagei B6r €aSehe t AW .t henbur ptedkskeS2in HWEL oW
note that there is_no fluid comunjcati on between the flow passage 38

and the anh@S§89983%028¢ ¥MARLYRi4ht PatveeBatheaserbat ity i 6h 56

continues tQupnavede £heigissed ad arilhekwepndat Be14E PNy Pasipdsid8wand
t he annul us 28. As gressure in the fIOM/passage 38 is increased or

decr eased, 1PRECAEE bRAEENHRYNRM i dde Begpectrvel§ 2B IRAHRE-dI e

upwar dl § (deperdeBaraN pREsHILS UER diifihiebanhbabmpeideed witeddtOWne
passage and the annulus 28 at any given tIﬂE%, but  unl ess at | east
one of theN&&4| §012Penea| bR athafhdchi PRTB&tROTH P CCEBMRifiaddoNon

bet ween t hgchh@enpagsagetditbt hgh R4S or38Ast HePi eterh sttliGg 0.
t he piston 56 has di sgl aced downward sonmewhat (as conpared to its

position adh@¢i &heWPpRN P& 1%)oRRReG SVt FEPHRESBYr Bhel ¥ty @ndf Sdm
the flow 4ul25% long as neither of the seals 14, 16 is leaking, there

10 will be no fluid communication between the passage 38 and

annulus 28 via the flowpath 58.

In FIG. 7, the system 10 is depicted in the case where
one or both of the seals 14, 16 is leaking. The pressure
differential from the flow passage 38 to the annulus 28 does

15 not equalize in this case, and the piston 56 displaces

downwardly past an opening 60.

Thus, the flowpath 58 is opened to allow fluid
communication between the flow passage 38 and the annulus
28. The flowpath 58 in this example extends £from the
20 passage 38, through the burst disk 44, through the burst
disk 52, through the opening 60 and to the annulus 28. A
decrease in pressure and/or loss of fluid in the passage 38
will indicate that one or both of the seals 14, 16 is

leaking.

25 If the pressure differential from the passage 38 to the
annulus 28 is subsequently relieved, a biasing device 62
(such as a compression spring, compressed gas chamber, etc.)
may be used to upwardly displace the piston 56 past the
opening 60. Thus, the flowpath 58 can be re-closed (to

30 thereby again prevent fluid communication between the

passage 38 and the annulus 28) after having been opened.



passage 38 to the annulus 28. Once pressures in the fl ow passage 38
and annul us 28 between the seals 14, 16 are equalized, the piston 56
wll stop displacing, and this will indicate that neither of the
seals 14, 16 is leaking. Thus, 5 a successful pressure test will be
acconpl i shed wi thout the need to open ai¥l-owpath which permts fluid
conmuni cation between the interior and exterior of the tubular string
20. The flowpath 58 is opened by rupturing the disks 44 and 52, but

as long as neithar ro6.tbe ck&l Sydidem 1B iis kiegkbead shese 4k Widsshee
no fluid communi cati.on between the assa%e 38 and annulus_ 28 via the
fl owpat h s§1tferentiglpfromsthe r@%%ﬂeeﬁn 1601 §hBepRREE 48 dife Heen

both of theesgaksdald, ThE bsadBeKi dsricl fshenant hghafapﬂ\ dipfdBd the
passage 38 to the 15 not equalize in this case, and the piston 56
downwar dl y PH&EPPan®oBaAE nEhB PPN T £Je RReFB2FhEL PEE RONEIHIGARIGS 28

does di §pl agesgain prébésted eeddouatz %ﬁsbﬁg@pgg\eéiné o | Bl 9
communi cati gn between the fl ow passage 38 and t he annul us 28. The

f1 owpat h 58enthRi §1e¥BAPre’@xt ends from the 20 passage 38, through
the burst disk 44, through the burst disk 52, through the opening 60
and to the annuffs@981tEORectRRAGKPHALs Sarebafll/ BRSes of fluid in

t he passag?raga%l:&ohnéb@af@tﬁf@éi@_e;h@r thebhapf sthengesd Sexkdn thR 1S

| eaking. 25If the pressure differential fromthe passage 38 to the
annul us 28%edlsyb3equBaet ythe | raskay 4 brasPRyaEely célpxied dorgs as

conpr esgi ORpPNE AJLoCORPT 9SEh 985 \GhRATHEN tollfiedr BYe RS YRAL Rear

upwar dl y di spl ace the @iston 56 past t'he opening 60, Thus, the
fl owpat h 58CE&HShEr e- ERBIRILYTE e dsEpy 48atbh Pterdane rdqungardly

gormruni cat 5\% batuRsPetbecpashage 138 andrbBe aDouhysg2f) @ld &ealavi ng
een Openef'rom the inner wall 26.

Referring additionally now to FIG. 9, another
15 configuration of the packer 40 and valve device 36 is
representatively illustrated. In this view, the packer 40
and valve device 36 are configured similar to that depicted
in FIG. 10 (e.g., after the disks 44, 52 have been ruptured,
the flowpath 58 is closed, and the tubular string 20 is to

20 Dbe retrieved from the well).

However, the mechanism for unsetting the packer 40 is
somewhat different in the configuration of FIG. 9, in that
shearing of the shear screws 64 allows an inner mandrel 66
to displace upwardly relative to an outer housing 68 which

25 is rigidly connected to the tubular string 20 below the
packer 40 and valve device 36, thereby uncompressing the
seal 14. A slip or ratchet mechanism 70 prevents subsequent
downward displacement of the inner mandrel 66 relative to

the outer housing 68.

30 Referring additionally now to FIG. 10, another
configuration of the annular seal assembly 18 is

representatively illustrated. In this configuration, both



- 13 - In FIG 8, thessystem 10 is depicted after the pressure
differential fromthe passage 38 to the annulus 28 has been relieved.
The bi asi ng device 62 has upwardly di splaced the piston 56 past the

opening 60, so that fluid comrunication 5 is again prevented between

t he passage 38 and the annul us 28 vi a tiae fl owpat h 58. In
addition, the packer 40 has been unset in preparation for retrieving
the tubular string 20 fromthe well. To unset the packer 40, an

upwar dl'y dlorfe%héduf)ﬁéﬁeah§ 18P Rld 80 4fohe4§uayéaéo§&éﬂﬂug>r2aq to
shear one or nore shear screws 6 Thi s all ows_t he piston 48 to

di spl ace dOWRRAPALGaAhY BRE PRTEES ¢ Rads P Yalvendewlse di&difgagi ng

the seal fromekhEnhBReEqvEhives: BR Yaldkagsaddi tionally now to FIG
9, another 15 configuration of the packer 40 and val ve device 36 is

represent ativel ppbbhtsbhab£dind NdiNiesS ddvaWe bbeipagkei1 A0 @nd il ve
device 36 are configured simlar to that depicted in FIG 10 (e.g

after the GeSR¥1Rad BbovakOhddie Aanfdoagating of ofEeS h BB @We@éied,

and the tubwhar +8brb8s20a]{ sk 12 2% R jorbli e¥edntroraddie-ael 1).
However, the nechanismfor unsetting the packer 40 is somewhat

di fferent AAEEREECRbARL goR RGN tdTe MaEsage BR ndt thd W2 he

shear screygifbyal LRYSHASS | 9eF i MBNAER) 88 Eﬁedbéfé@%éwvw dl'y
relative to an outer housing 68 which™25 is ri connected to the

t ubul ar st HOWgVeO . b&h e heolphickEa tdonand ﬁéﬁvelﬁevtoESSHHJﬂhereby
U”COWDIGSS'pQQfEPEeée@haﬂ“thé\ sl %rlsﬁcatsﬁhﬁbt”f‘ﬁ%éﬂ% r% P TEMEN R

subsequent “downwar d di spl acenent of the I nner relative to
t he outer KbgsPagkess Q‘gReﬁ%rfrar\ﬁg begdi ednal |y now to FIG 10,

anot her configuration of the annul ar seal assenbly 18 is

represent at i vel feferusng additionaldivs newntpglEas+ ohl - Hot lnother

configuration of the valve device 36 is representatively
illustrated. This configuration is similar to that

15 described above for the configuration of FIG. 10 (in that
the valve device 36 is a separate component and the burst
disk 52 is exposed to the pressure differential between the
passage 38 and the annulus 28 without first rupturing the
burst disk 44) and its operation is similar to that

20 described above for the configuration of FIGS. 4-8.

However, instead of displacing past the opening 60 to
open the flowpath 58 in the event that either of the seals
14, 16 leaks, the piston 56 displaces out of a bore 72, and
the valve device 36 of FIGS. 11-15 includes a lock assembly
25 74 to lock the valve closed after it has been opened a

predetermined number of times.

In FIG. 11, the valve device 36 is depicted prior to
the burst disk 52 being ruptured. The piston 56 is received
in the bore 72. Thus, the flowpath 58 between the burst

30 disk 52 and the piston 56 is isolated from both the passage
38 and the annulus 28.



- 14 - of the upper and | ower packers 40, 42 are conventi onal
hydraulically set packers, and the valve device 36 is interconnected
bet ween the packers. Operation of the valve device 36 is simlar to
that 5 described above for the configuration of FIGS. 4-8, except
that the burst disk 52 is exposed to_the pressure differenti al

bet ween the passage 38 and the annulus 28 without the need to first
rupture the burst disk 44. However, in the configuration of FIG. 10

it is still 10 prefestedz] hate tihier st xdis9k a3 B@én rﬂasﬁux%dl
bot h of the packers 40, 42 have been set. Referri g dd|t|onally

now to Fl GSncffﬁﬁ?bngaHB?ﬁ%‘ﬂr%drﬁ ithe BRiSEAIST 3BhEO v RS

represent atjiav@hy i rhdspisted 56l @Q@EﬂﬁﬁéétHQQnWéréﬂi“édHédH&ﬂ3h%%
15 described above for” the configuration of O (i'n that the

val ve devi #0ud@ bs hheepasatif d@*ﬁd}%npfaﬁhet ﬁ@a-b%r%‘i di6 i ssdgaking.
exposedst oAfsh@_np%ﬁésaiﬁﬁeﬁléé@ffdﬁfaaélola%t WeeRrtPegP iif@%e 3R gﬁ@,tb%e

annulus 28 without first rupturing the burst disk
operation iP$ §#ﬁPﬂa¢e$od@WﬁHa§§)qﬂ?ﬁ%’@ﬁ@ésaﬁeﬁelmoth¢kRﬁ&ﬁﬂﬂﬁ @8 andon

of FIGS. 48nuius 2504LYSEa1dNRlLad 0k i pRla f”@hc?as%%] alld18 £0PaRi Ry 60

to open the flowpath 58 in the event that e|t er e seal's 14, 16
| eaks, thelgiekiva-56 di spl aces out of a bore 72, and the val ve deV|ce
36 of FIGS. 11-15 includes a lock assenbly 25 74 to |ock the valve

cl osed after |tIﬁaglﬁeeh3oﬁéﬁéﬁﬁ¥%ﬁé@@ﬂ@@nﬁﬁeasmkwﬁﬁthimlﬁ@§

In FIGplleybhe vah¥es Héveuceoé& ik depl ckad pihor]hé O%ore l%ér]ét %@k

52 being ruptured. The piston 56 I's receive
t he fl owpahssgnhaevees @*ﬁplﬁﬂﬁﬁ o} gifskhg2bang The ik tfdmise |s

i sol ated f QM RALBatNEn PAS SRS REARL N Bo2RBYL UShdBhassagk® 38 and
the annulus 28 via the flowpath 58.

Note that the piston 56 has also contacted and
15 downwardly displaced an outer housing 76 of the lock
assembly 74, and has thereby compressed the biasing device
62. A lug 78 projects inwardly from the housing 76 into
engagement with a profile 80 formed externally on an inner
mandrel 82 of the lock assembly 74.

20 The profile 80 may be of the type known to those
skilled in the art as a “J-slot” profile. When the housing
76 and lug 78 displace longitudinally relative to the
mandrel 82 and profile 80, the engagement between the lug
and profile causes relative rotation between the housing and
25 the mandrel, and the lug enters different portions of the

profile.

In FIG. 14, the pressure differential from the passage
38 to the annulus 28 has been relieved, and the biasing
device 62 has upwardly displaced the piston 56 so that it is
30 again received in the bore 72. This closes the flowpath 58
and prevents fluid communication between the passage 38 and

the annulus 28.



In FIG 12, the burst disk 52 hasvbeen ruptured by increasing
pressure in the passage 38 to a predeterm ned | evel. The piston 56
has di spl aced downwardly sonewhat, as would be the case if neither of
the seals 14, 16 is leaking. 5 As in the other configurations

descri bed above, the piston 56 displacas downward until pressures in
t he passage 38 and annulus 28 are bal anced, if neither of the seals
14, 16 is leaking. In FIG 13, the valve device 36 is depicted in the

10 event that ometer thethiwfaidey sad)iect4nglpideess| eade i dhempitdeon
56 has di spl aced, out . of ihe bore 72, and flui.d comunication i s, nQw
permtted B¥REROPALNPass RIZEE ﬁ@l‘ﬂ‘l’gdﬁﬁnﬁﬁugnzﬁh%i%‘%% MANGSAt h

58. Note that tbheifi st Ohe SBo@sd alispicernaateds atle 1outkmmhisdny .
di spl aced an outer housing 76 of the |ock assenbly 74, and has

t hereby comoMeyeld the PhALldRy AR ilds 620tR PHgteBE et ofecits Whiwdr dl y

fromthe hQUILKILRE phe eNJSg ISP RipFaPlRY p&sBOHOrdRflder to
externally on an inner mandrel 82 of the |l ock assenbly 74. 20The

profile 80thgreh¥ 8LleNeths R iGOMPUSINOhdéetekiiFRIEGH THERET as a
"J-slot” ph%%h&@lyvﬁémaﬁb@ehQM&hﬂQjﬁ@e@”ﬁahHQeZBSgi§E@ﬁ“%he pins are

| ongi tudinally relative to the mandrel 82 and profile 80, the
engagenent Be¢OREENYERR g BIREDrofil e causes relative rotation

bet ween the housing and 25 the mandrel, and the lug_enters different
portions of theTPisfpiegnmentrRetwaen the Biagshf cafl rEke e HatA ifr om

the pas§agecdBrb1bAerRNimd UshddhdihtbD@eRwEhi eN&d1u@nih tdify Rinasi ng.
devi ce 62 has ugmardly di spl aced the piston 56 so that it is 30 again
recei ved i RTPRé1BoPR- 72Thah 18 c|ass dda HE9f 78nPABRLBBE AP Frieressdve

fluid commanirgat-bRl PEEVESHS tdie HIRS$AGE 138 80J the Srl Udl8ng 7616
rotates about the inner mandrel 82, until eventually the
pins 84 are aligned with the slots. At that point, the

15 outer housing 76 can displace upwardly a greater distance.

In FIG. 15, the outer housing 76 has been displaced
upwardly and downwardly relative to the inner mandrel 82 a
sufficient number of times that the pins 84 have been
aligned with the slots 88 and, upon relieving the pressure

20 differential from the passage 38 to the annulus 28, the

biasing device 62 displaces the outer housing and piston 56
upward. The outer housing 76 is displaced further upward
relative to the inner mandrel 82 than previously, due to the

alignment of the pins 84 with the slots 88.

25 This further upward displacement of the outer housing
76 allows a snap ring 90 to extend outward and prevent
subsequent downward displacement of the outer housing
sufficient to permit the piston 56 to displace out of the
bore 72. Thus, the flowpath 58 is closed and fluid

30 communication cannot again be permitted between the passage
38 and the annulus 28 through the flowpath.



Note that inwardly projecting pins 84 carried on the outer housing 76
engage a shoul der 86 on the inner mandrel 82 to |limt the upward

di spl acenent of the outer housing. However, the shoul der 86 has slots
88 formed in it which 5 allow the pins 84 to displace upwardly past

t he shoul der to thereby allow the outern7hausing 76 to displ ace
further upwardly relative to the inner mandrel 82 when the pins are
aligned with the slots. This alignnment between the pins 84 and the

slots is 10 contrroyligd by fé‘@jﬂr}g ti albetVWVeRAL t ige | Lk K &usashbh he
profile 80.. That |s, as_the lu i spl aces to successive different

portions of 4 RanpPsf FPREBENT ¢, ‘b&F%W“ﬁoﬁEPnﬁlqﬁp?E¥a§%§“hﬁﬁhppﬁﬁéd
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slots. At that point, e 15 outer hou5|n8 76 can di splace upwardly a
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the slots &8lakdorapdR PetYesn dda mdnsr §§SGP€ e gf 39t At ican feom

the passagend@gbq tBecRersl 6}“%1’?&&@;& heebhaabBy devifmeddll $hlA68S skhe
outer housing and piston 56 upward. The outer housing 76 is displaced

further upﬂ&ﬁ&lﬁéﬁﬁth% @%ﬁ%#uhqqﬁﬁag féndpPEnwapd t Paiohrisy itdgs Pinsdue

to the aliganggt a0fg 5@@ PLES G Witdrgthe slots 88. 25This further
upwar d di spl acénent "of the outer housing 76 allows a snap ring 90 to

extendigut vard apgePEBYeNt SHDISGHRNL devewasd gisps aceienju the
out er housi ng sufficient to ermt "the piston 56 to dlsplace out of

the bore 720USRDG. 76 hes f pfyriiap egeds dewpyagdhyiddy | el Eigton 56

communi cat i,gne&8nERL 99@@5@% éserl@ btp%qeees%ef@aébeomsaw @@ 2Bdat
t he annul us 28 through the fl owpat wll be readily

appreC|atedeﬁﬁﬁtOﬂﬁeofoéhed%§é#bﬂ¢r745céﬁabén§onfT@%ﬁedﬂiGﬂﬁepﬁlFh?he

fl owpath 58.495bgsopepegbdthSd ARG, a%eﬂueﬁsrf% ﬁgé’é‘f?%é)(ﬁfsorn%tt he
| ock assenbly prevents subsequent openi ng o ? For
exanpl & opened at all, and the lock assembly 74 is not operated at

all.

Referring additionally now to FIG. 16, another
configuration of the test system 10 is representatively
illustrated in which multiple annular seal assemblies 18a-e

20 are used to isolate multiple corresponding sections 28a-d of
the annulus 28 in a multi-zone gravel packing operation. In
this example, the seal assemblies 18a-e utilize the valve
device 36 configuration of FIGS. 11-15 in order to permit
determination of which of the seal assemblies l1l8a-e is

25 leaking in a pressure test.

The annulus sections 28a-d correspond to formation
zones 30a-d. Screens 32a-d and gravel packing tools 34a-d
are interconnected in the tubular string 20 for gravel

packing the zones 30a-d.

30 The annular seal assemblies 18a-e straddle the zones
30a-d, so that each of the zones can be independently

stimulated, gravel packed, produced, isolated, etc. The



5 the profile 80 can be changed and/or the azinuthal relationship
between the pins 84 and the slots 88 can be changed to thereby change
the nunber of tinmes the piston 56 displaces the outer housing 76
downward prior to the pins being aligned with the slots. 10However

in the exanple of FIGS. 11-15, the owarg housing 76 is not displaced
downwardly by the piston 56 unless the flowpath 58 is opened at | east
one tine due to at |east one of the seals 14, 16 |eaking. Thus, if

one of the sgeal asa;émblﬁeslowa-rwtidcﬂaiae treeBetbevé | onpatdr Sedis nak-15
opened at all, g t he I ssenbly 74 is not operated at al
Referring &ddffPY ﬁFl§eﬁ T @nd §alyRofR¥icesnt$yifati on of the

test system10 is re I I.lustrated ip_which multiple

t at
annul ar seal é@nﬁ??@§S%§§%%:é%“%ﬁ?lﬂ§e&eyéc?§o$§. e Rg igHeferably

corr espondioligtﬁ@CbbﬁﬂﬁgQB@tibzofdéﬂl%t@anlianS‘I@B i mawméﬁd - iGeavel
packi ng operatlon In this exanple, the seal assenblies 18a-e utilize

the valve dB9VEe 38°E%ﬁ?¥gu?%ﬁ|%9Fkﬁaqﬁﬁééll?§ 1% oh sk S@Wﬁ??s
det er mi nat i3ga-ef avBi ehd 0 i diel SedoraSgeFBHI €6 B8amet isna5/d18aki ng in

a pressure test. The annul us_ sections 28a-d correspond to

formation S6N&Se8050 dbe Rperffs arhdossd & éeéﬁeb%%rﬁﬁﬂh%&f $igeq

are interceegeebedeingt NeckatbWdsest.r i ng 20 for gravel packing the
zones 30a-d. 30The annul ar seal assenblies 18a-e straddle the zones

30a-d, so that eaghephblyp LS RRARREveNdapessetd YwSlddNdatieds
gravel gack%d_epggdgggglgéggcli attOEdloc(:fct %1013-28 in %gsponse to a
correspondingly increased number of pressure increases and
then decreases in the flow passage 38 to open and close the
flowpaths 58 of the valve devices. For example, valve
device 36a is configured to lock closed upon being opened
15 and then closed once, valve device 36b is confiqured to lock
closed upon being opened and then closed twice, valve device
36c is configured to lock closed upon being opened and then
closed three times, valve device 36d is configured to lock
closed upon being opened and then closed four times, and
20 valve device 36e is configured to lock closed upon being
opened and then closed five times. However, as described
above for the configuration of FIGS. 11-15, none of the

valve devices 36a-e will open unless at least one of the

seals l4a-e or lé6a-e leaks during a pressure test.

25 In operation, the test system 10 of FIG. 16 would
function as follows: The seals l4a-e and léa-e would be
sealingly engaged with the inner wall 26 to thereby seal off
the annulus 28 into separate isolated sections 28a-d.
Preferably, this would be accomplished by increasing

30 pressure in the interior of the tubular string 20 to a

predetermined level to set packers associated with the seals



seal assenblies 18a-e include respective annul ar seal s 14a-e, annul ar
seal s 16a-e and val ve devi ces 36a-e. As noted above, the valve
devi ces 36a-e are preferably of the configuration depicted in FIGS.
11-15 and described 5 above. However, the | ock assenblies 74 of the
val ve devices 36a-e are individually caqnfi-gured to permt the valve
devices to be opened and closed a different nunber of tines before
bei ng | ocked cl osed. Preferably, each successive one of the valve

devi ces 10 13Gac€ahd T6aLé Jadk edbddr iReK a®b@8edal DS IS Ircins of
correspondi ngly increased, numher of pressure increases and then
decr eases SRAHBILY oFPPRELIY B 553 I5pBRYaRE BFB<elt HiPFHRfrat hs 58

of the valve devices. For exanple, valve _device 36a is configured to
n

| ock cl osed upoh*BEPIEE obR TREHFNNES EPGsEEPRRE, st&NE Fevordd

36b is confheur 8d FartBek ThOsetkdipdd BabREcePphedetdthidien 1&esedt
tw ce, valve . device 36¢c is_configured to | ock cl osed upon bein
opened AndYOHER ENGsRUTTH ELSks of, &h¢e VadYR cBEBHET S &t i"ﬁafled to

| ock cl oseguppaRebei ng OpLaesk ailb tfRNsChased bpUlcdideRealdNd t3Hn no
val ve device 36e is configured to | ock clgsed upon bei ng opened and
then cl osed 11iFeCPTRRRLIC YRR etueenyddier LRERT 4PbVRNY BIx4gfeior of the

confi gur at keBudhrFE68ind 124 5¢i none wftwleBe ¥abVgadeyi&ess Iy eny | |
open unl ess at | east one of the seals l1l4a-e or l1l6a-e | eaks during a

pressure t&8nulys| adohergttehinally Pedmespstben 165RRCH e spalidulvdll

function apef phlAweiedheas@alisisl4a19 8Rdah62angi ¥Rt &h Dehsealiingsy the
engaged with the inner wall 26 to thereby seal off the annulus 28

i nto separ &C81FsBPue PR i 0y PERESHTrepLestr ably, thal Cagsul dhse

acconpl i shegab¥1i paERESY NG h HH IS Hahe ph-BckBg, i nterior of the tubul ar
string 20 to a predeterm ned | evel to Set packers associated with the

seals - 19 - 143-RoRédedSante raslesnkl BedtABOYSa1 2l 1Ll otiker o
nmeans of sealingly engaging the seals may be used if_ desired.
does leak, én & loss of pressure and/or fluid in the
15 interior of the tubular string 20 will indicate this. It is
a unique feature of the system 10 that at this point it may

be determined which of the seals l4a-e or l6a-e is leaking.

It is known at this point that at least one of the
valve devices 36a-e has opened, and that the valve device
20 36a can open only once, the valve device 36b can open only
twice, the valve device 36c¢c can open only three times, the
valve device 36d can open only four times and the valve
device 36e can open only five times. Therefore, pressure in
the interior of the tubular string 20 can be manipulated in
25 such a way that the leaking seals l4a-e or 1l6a-e can be

determined.

Picking up from the point in the procedure at which a
loss of pressure and/or fluid in the tubular string 20
initially indicates that a leak is present, it is known that
30 at least one of the valve devices 36a-e has opened.
Pressure in the interior of the tubular string 20 can be

permitted to decrease (to close any open valve devices), and



Pressure in the interior of the tubular string 20 would then be
further increased to another predeterm ned |evel at 5 which the burst
di sks 52 of the valve devices 36a-e will rupture. |If none of the
seal s 14a-e or 16a-e | eaks, then no fluid comunicati on between the
interior and exterior of the tubular stagng 20 (i.e., between the
passage 38 and the annulus 28 longitudinally between the respective

seals) wll 10 be permtted, and this will be an indication that al
of the seakhehavanppssedctd@sdd efsUE SeRohd bRebbate COSH: . ”1%,9“.1?}\5@1'
packi ng operation can proceed. I f, however, at |east one of the

seal s 14a- éPdf PESSEUHBL TERASE thed SR Kiags (4pSpresseressHHE andogi d

in the 15 el ekofl théei Atk ot idnR0 taBuht| stpghgai® tihys. It is
a unique feature of the system 10 that at this point 1t nay be

det er m ned 9RffEELSBr thensthalen he degerrdaed thateblke Eevious |t js

known ag thegxRAyNathelattof asindN@ Ol nkhged fh Vea dlayt Cffh 38R R uRAS
opened, and that the val ve device 20 36a can open only once, the

val ve devi &8e38BL¥&ndBBESE oty kshiloskechelogpde (iR PToY @Rengden

only threeohﬁgeéncéyeaﬂﬁlﬂﬁhékaﬁ‘%%eSQQh%%Pvgmgg QN Yo d S Weh idBg sand
t he val ve device 36e can open only five tinmes. Therefore, pressure in

the interi &e8fdthe tubul ar string 20 can be nmanipulated in 25 such a

way that the |eaking seals 1l4a-e or 16a-e can be determ ned.
Pi cki ng up fromtEhéepblng ish dHteFesk dpgiagathansesond |kpsspfre test,

pressui@ areeqr itl dhdeive s MK RootinRga8Poh NERE ALY ddMicEales
that a leak is present, it is known that 30 at | east one of the val ve
devi ces 368PERhH3LBPeRRBCET chin®e | RTEREUFAL &R Bhe ofntardaruindl &he
Zte \r/: 225)20 gggu@_srggﬁglﬁg% L8 §RIRIEERACLESEe M Wa WP LY V1R e any
open valve devices), and then can be increased for a third
pressure test. If, upon this pressure increase no leaking
15 (loss of pressure and/or fluid from the interior of the
tubular string 20) is detected, then it can be determined
that the previous leaking was that of either of the seals
14b or 1l6b, because the valve device 36b is locked closed
(after being opened twice) and none of the other valve

20 devices 36a or c-e has opened.

It will be appreciated that, in this manner, a number
of pressure tests may be performed to thereby determine
which of the valve devices 36a-e is opening due to leakage
past its associated seals l4a-e or l6a-e. In this example,

25 a lack of leakage during the nth pressure test indicates
that the n-1 valve device from the top has been opening. Of
course, the valve devices 36a-e can be differently
configured as desired to permit different procedures for

determining which of the seals l4a-e or 1l6a-e is leaking.

30 Referring additionally now to FIG. 17, another
configuration of the well system 12 is representatively

illustrated in which the valve device 36 is not used in a



then can be increased for a second pressure test: If, upon this
pressure increase no |eaking (loss of pressure and/or fluid fromthe
interior of the tubular string 20) is detected, then it can be
determ ned that the previous 5 | eaking was that of either of the
seal s 14a or 16a, because the val ve dewviice 36a is | ocked cl osed
(after being opened only once) and none of the other val ve devices
36b-e has opened. If leaking is detected during the second pressure
test, 10 theavkl maerclﬁe ty%@re{ﬂiﬂr{j Mnllﬁei;bga LBEQuUEh QNgi@f the
open val ve "devi ces 36b- ressure in the interior of the tubular

string 20 6&kes&iper fividcounuigaddss besverssthargasirge 3 vad the
devices), apdutilignagansbe énahpased erenenwhad pIESSHEdpst . 1T,

upon this pressure i ncrease no Ieaklng 5 (Il oSs of pressure and/ or
fluid fromPEREVFADEF | etlmlth@qfumlalrlzemunéréeyursnwetﬂeme&tlnehenr
It can be det@rmipedst batoshie Y U g izl
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(after bei g Spewed betvegn ahe raverdon Iﬂedotheremlvﬂebmebﬁjé\heces 36a
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number of pressure tes nmay be per to t ere y deternlne mh ch
of the val devdegi 8és 36a-e i s opening due to | eakage past its
associ ated seals 14a-e or 16a-e. In this exanple, 25 a |ack of
| eakage during FRe erxamplessiyr @ taesentidgcapesathon, tthe nalvwealdeyice

devi ceqfromgt t o] e [

36a-e %gn gg %??fggeﬁﬁgﬁgggﬂglguréﬁgh e%i?égﬁ fi&iﬁ%ﬁ%ﬁﬁ|$férg§?er

pr ocedur es ehdr ofethe niwhwkp e tehi nef aﬂh@néeupwalda;m¢QNthﬁk§n§WL§S 28.

| eaki n 3QR r 0

conflggrat?bﬁgg% kﬂgtagﬁ%&A§Qﬁ%%¥fﬁl|§hrgg%52e%%atlvely ﬂ?1u§ﬁ?g

i n which ts&rinbva0dend can 3e1dreasst inspdesnuge in2the :‘grtmreiorpaékrthg

e O B 8! BRLPAY HAPLARDP Y La36LesLY VS A4 SRR ca o

bet ween t he passage exa cément i ng,
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fluid 92 is bet ween t e interior e ex erior of the
Pressure in the interior of the tubular string 20 can

then be decreased to allow the wvalve device 36 to close.
Preferably, the valve device 36 would be locked closed by
20 the lock assembly 74, so that subsequent cpening of the

valve device is prevented.

It may now be fully appreciated that many advancements
in the art of selectively permitting and preventing fluid
communication between the interior and exterior of a tubular

25 string are provided by the above disclosure. In particular,
these advancements include the valve device 36 in its
various configurations described above, which permits
testing of annular seals 14, 16 in ways not previously

economical, convenient or practical.

30 The above disclosure provides a valve device 36 which
includes an openable and closable flowpath 58 for

selectively permitting and preventing flow between an



tubul ar string 20 via the open flowpath 58 in the val ve device 36.

For exanple, in a cenenting operation, the valve device 10 36 may be
opened after cenent has been flowed out of a |ower end of the tubular
string 20 and upward into the annulus 28. A dart (not shown) may | and
in the |ower end of the tubular string220-and an increase in pressure
in the interior of the tubular string can cause the val ve device 36
to open, 15 thereby allowing the fluid 92 to circul ate out any excess

cement in tiheeahbyl HEd28n adoMEr idie orahkhe §8T1vECdePI&SSIM £ drll tdhQock
interior of the tubular string 20 can_then be decreased to allow the

val ve devi @&SSBPLY éf o¥RICIrRIIISy thend LeyPath dedi Beomdaisd ¢yséed
| ocked cl ogedmby180etines! O5dn apsarrly t?llétn 80pt-8ak+ SHRSRAY eRimpREBIEN]

of the valve device is prevented. may now be fully

appr eci at ed"88t many advancenents in the art of selectively
permtting and %reventing fluid conmuni cation_between the interior
and exterior of Thet fboVREth > &g dearleckedyvriesedyin espmee to a)

di scl osur etnkn sRakbhed! 88, hdhEse RAKARGRTRAL $rbACl giead NS HALE the

device 36 in its various configurationsS described above, which
permits tePrPAGLEFMARAL| avmkniaf t4mess pRAwahennbl Hreilaywagrh 58
econom cal pe¢agvenbgas. or practical. 30The above disclosure provides
a val ve device 36 which includes an openabl e and cl osable fl owpath 58

for sel ectivel yrper prbbbferRUbORYBRY BE hR¥s bEEMELN AN han Rich
interior and an_exterior of the valve device 36, and a | ock assenbly

74 whi & prtéeeALevPaBhf P Hnbatlr BB teemiBemngetyg| evcked i sd@sed
open great gt bRaR) amRy eret SraiMad vhabenef Thigs. tRd heldd etk Ry

may be | ocked closed 1n response to a)
be opened more than once.

The flowpath 58 may open in response to increased
pressure in the interior of the valve device 36, and the
15 flowpath 58 may close in response to decreased pressure in

the interior of the valve device 36.

The flowpath 58 may be opened at least one time after

having been closed.

The flowpath 58 may open in response to a predetermined
20 pressure differential being applied between the interior and
exterior of the valve device 36. The flowpath 58 may close
in response to release of the predetermined pressure

differential.

Also provided by the above disclosure is a method of
25 testing at least one annular seal 14, 16 in an annulus 28
formed between a tubular string 20 and a wellbore wall 26.
The method includes the steps of: sealingly engaging the
annular seal 14, 16 to thereby prevent flow through the
annulus 28 across the annular seal 14, 16; and applying a
30 pressure differential across the annular seal 14, 16 to

thereby test the annular seal, with the pressure



the fl owpath 58 having been cycled fromclosed to open.the
predet erm ned nunber of times, and then b) the flowpath 58 being

cl osed. The predeterm ned nunber of tines (greater than which 10 the
flowpath 58 is prevented from being cycled fromcl osed to open) may
be greater than one. Thus, the flowpat k358 may be opened nore than
once. The flowpath 58 may open in response to increased pressure in
the interior of the valve device 36, and the 15 fl owath 58 may cl ose

in respons@ltfqee‘@ﬁwaﬁeﬂepw%ﬁédﬁ viiReal Hhevbogepicd hy val ve device
36. The fl owpath 58 may be opened at | east one tine after having

been cIose&nt?ﬁéoﬂPﬁﬁb%@hl%gﬂﬁhﬁﬂﬁﬁﬂﬁriﬁtFé§§o%§e to a predetermn ned
20 pressure differential being applied between the interior and
exterior of theThgl PeeEHRNTR LB errmdiploRpaliing FesP s alise

response tqnb@luaasergﬁsmb@tmch&te%rs@r@e@e%@éﬁuaﬁ ghidergntdighy Al so
provi ded by the above disclosure is a nethod of 25 testing at | east
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seal ingly engaging the annular seal 1 her eby prevent fl ow
through t h®eiWRERUEhegamRYbas amk thendilar Baspada; 16; and appl ying a
30 pressure differential across the annular seal 14, 16 to thereby
test the annul aFbgeBPthed (hay e dogduge thegstep of, after the

pressure differential applying step, closing the valve

10 device 36 interconnected in the tubular string, thereby
preventing fluid communication through the valve device 36
between the annulus 28 and an interior flow passage 38 of
the tubular string 20. The closing step is performed
without manipulating the tubular string 20 and without

15 intervening into the tubular string 20.

The closing step may include preventing flow from the
annulus 28 into the flow passage 38. The closing step may
include preventing flow from the flow passage 38 into the

annulus 28.

20 The pressure differential applying step may include
providing fluid communication between the annulus 28 and the

flow passage 38 via the valve device 36.

The fluid communication providing step may include
opening the valve device 36 by applying increased pressure
25 to the flow passage 38. The fluid communication preventing
step may include decreasing pressure in the flow passage 38
after the step of applying increased pressure to the flow

passage 38.

The above disclosure also provides a test system 10 for
30 a well having an annulus 28 formed between a tubular string

20 and a wall 26 of a wellbore 22. The system 10 includes



differential being applied via a valve device 36 interconnected in
the tubular string 20. The pressure differential applying step may

al so include transmtting pressure between an interior flow 5 passage
38 of the tubular string 20 and the annulus 28 via the val ve device
36 without permitting fluid comrunicatizan.-between the annul us and the
fl ow passage. The met hod may al so include the step of, after the
pressure differential applying step, closing the valve 10 device 36

i nterconnegfadiblet B8tEUSE| AinSidd Nballshaugby  pigyeat fhg dddiiiGhg the
conmuni cation t roug athe val ve devi ce 36 between the annulus 28 and
S
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wi t hout 15 |nterven|ng into the tubular string 20. he cl osing
f

step may i FYPEER pPeddhPi hHeckudne Murhipde aﬁhﬁﬁu@e%c%tiﬁ%-ﬁe whisk
passages 38., - thepehQ8h 89254 e@lé@é/blé“ilnu%sﬁﬁﬁgémcb NGaf{ oW Jf B the

fl ow passage 38 into the annul us 28. he pressure differenti al
appl yi ng s@@ﬁsﬁﬂvelh@l@@elQFQR4Qﬁrﬁ}qW @ﬁéségﬁnﬁﬁl@ﬁttQﬁlﬂﬂhﬂ&ﬁaﬁ t he
annul us 28 5ahdnbN9ol | OMLPASSASHST VR HRG KaLYSsde] Cerilhy The
fluid communication providing step may inc e opening the valve

devi ce 36 Isglappiyehy P(ﬁtme‘@ge@ct)r@@sfmnészslu@dtmmmwepa@a@@t%en
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ter t

pressure in the OW passage e step of applying increased
pressut@ tdongatifionaphysheeweas the annulWesabbseoﬁ@ctte:mqtlanesone

rovi des a .te S 0) ayin n.annul us 28 forned
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bet ween a tubul ar string [ bore 22. The
system 10 incl UdgSh sudfessive one of the valve devices 36a-e may be

configured to lock closed in response to a correspondingly
increased number of pressure manipulations in the flow

15 passage 38.

Each of the valve devices 36a-e may open only if a
corresponding at least one of the annular seals l4a-e, léa-e
leaks. The valve devices 36a-e may be closable in response
to pressure variation in the interior flow passage 38 after

20 the valve devices have been opened.

Also provided by the above disclosure is an annular

seal assembly 18 which includes at least two annular seals
14, 16 and a valve device 36. The valve device 36 comprises
an openable and closable flowpath 58 for selectively

25 permitting and preventing flow between an interior of the
seal assembly 18 and an exterior of the seal assembly 18
longitudinally between the annular seals 14, 16, and a lock
assembly 74 which prevents the flowpath 58 from being cycled
from closed to open greater than a predetermined number of

30 +times. The flowpath 58 is cyclable from closed to open at

least one time.



multiple sets of annular seals 1l4a-e, 16a-e for sealing the annul us
28 at longitudinally spaced apart |ocations, with each of the sets
i ncluding at | east two annul ar seals. The system 10 al so includes -
mul ti pl e val ve devi ces 36a-e which 5 are openable and cl osable in
response to variation of pressure in_ampg nterior flow passage 38 of
the tubular string 20. Each of the val ve devices 36a-e thereby
selectively permts and prevents fluid communi cation between the

interior flow pagsageodSaemdsd e balldissa140wh ORGuE U Aidd 1k tagigveen

the annul ar seal s of a respective one of the sets of annular seals
l4a- e, ;6ai@9 aHHUIEécﬁe%hc%%ﬁﬁﬁhﬁi'&@ea@ﬁ WhéhQHFvénEﬁﬁﬂiﬂ*Pg3G§¢@ may
be configured tAnkosk SLOBEssddMKIBEPORGR £9oRpaeh §5ARAHI W dbenable

i ncreased nunber of pressure mani pulations in the flow™15 passage 38.
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36a-e may be closable in response to presSure variation’n the )
interior fPsRSEHESayR BB atnirT Y tafe thal veadedpeenbhn\af tntemridanag.
Al so provi qg@rgxstafaepeégg@réﬂ%'tﬁ?éﬂﬁﬂ&i@@ BE”Uhérséﬁ'aﬁ?&%ﬂJ}g.y 18

which includes at least two annular seals 14, 16 and a valve dévice
36. The Va|Ve,d9¥'88u§§e9Q£Tﬁé£§3hfﬁkfﬂ%%ﬁagh?tﬂédaféOﬁﬁﬁdd%1H§3ﬁp%Fh
58 for selectively 25 permtting and preventing flow between "an

i nterior ofFarpéudegpnasdendtion Phideasboxeefipderiptior afeal assenbly
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pressure ng¥ﬁg¥?n?%%?g§§%#bihe seé?ﬁggggéeghﬁyP%ﬁéﬁééﬁg{qﬁféxigﬁgath
may belZl odebrzibpidecieas? ke prlesslive undetrhbopdt @ ilgind ditvens bal

assenbl y a@%9ro§p9h¥ﬁ99ration and example only, the spirit and scope
of the present invention being limited solely by the

appended claims and their equivalents.



i ncreased pressure to the interior of the seal assenbly. O
course, a person skilled in the art would, upon a careful

consi deration of the above description of 10 representative

enbodi ments, readily appreciate that. ggny nodifications, additions,
substitutions, deletions, and other changes may be nmade to these
speci fic enbodi nents, and such changes are within the scope of the
princi pl es of Wiz pseseEMedi $€) osure. Accordingly, the foregoing
detailed 15 description is to be clearly understood as being given by
way of illustration and exanple only, the spirit and scope of the
present inventi.on lFeivagvéidavied, sodnginyisbygt he appended cl ai ns8 and

their equival ent B0 g VAL S . .. Aval ve
devi ce, conprfgiﬁﬁsnabf% angn oﬁgﬁggftﬁgﬁggélggaﬁ1éeFP%éﬁgfﬁymhich
respect i vedypiger aiid Prananpy ereatsr Pregwunecaowruhé tatdnoan bettwaenrran
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opens in response to increased pressure in the interior of the valve
devi ce, a¥H LRFBPRTH GChenFFAfFat RAres BEeEs Ipnthedponstet @ fdeke eaded

pressure ddvilcBe imd eMhe@kiRfriche1¥dbate de¥iee indRbsponse 8 deased
assenbly mhlcgﬁgrevents_the,floggath frombeing cycled fromclosed to
n

open gredt®"® 1 redRtermitn8d Mharverdevings. and 2. The
val ve devi ce of 1ekai mskmpapeneidh phevédtwpathsisdzaakethclesag i n
response to.a he fl.o th having been cled fromclosed to. open
the pr ede‘fyé:rlr%)jn%ﬂor?uﬁ%ﬁ\é\ggoﬁo tolpﬁ%s‘?reéin&rt g% I ) PERE"1976\kpPS hn"B%’leEgOf
cl osed. times. 3. The val ve device of claim1, wherein the

pr edet er mi ned

2. The valve device of claim 1, wherein the flowpath is
locked closed in response to a) the flowpath having been cycled
from closed to open the predetermined number of times, and then

b} the flowpath being closed.

3. The valve device of claim 1, wherein the predetermined

number of times is greater than cne.

4. The valve device of claim 1, wherein the flowpath is

openable at least one time after having been closed.

5. The valve device of claim 1, wherein the flowpath
opens in response to a predetermined pressure differential being

applied between the interior and exterior of the valve device.

6. The valve device of claim 5, wherein the flowpath
closes in response to release of the predetermined pressure

differential.

7. & method of testing at least cne annular seal in an
annulus formed between a tubular string and a wellbore wall, the

method comprising the steps of:



nunber of tinmes is greater than one. 4. The val ve devi ce of
claim1l1, wherein the flowath is openable at | east one tine after
havi ng been cl osed. 5. The val ve device of claim1l, wherein
the fl owpath opens in response to a-_ppedeterm ned pressure
differential being applied between the interior and exterior of the

val ve devi ce. 6. The val ve device of claim5, wherein the
fl owpat h C|OS&&mﬂﬂngeﬁpﬁ@ﬁglh@'ﬂﬁieaﬁﬁﬂiﬁ skhe, pﬂ&d@bgrﬁﬁdvydtpﬁ@ssure
dlfferentf rou h ﬁ%e angniusod of tqﬁ}|r1 t Ieasf annul ar seal
in an anntlls P67 St Ween 'a tubular strln %4n m@P bore wal |,

t he met hod comuplging &fp;essexﬁ;d}ﬁferenﬂlhl-across t$ea¢mnuya¢ eﬂgaglng
the annul g, 563! teévﬂgxr ebye pJn%‘ﬁ%FE' 007 | Ope thrQug e f{ae f%QQHU!ﬁ AGE R3S

t he annular seal 4 pressure rentla acros
t he annul zrided! via lrevebye tctesftlpﬁglrwﬁefcannmiaerd s$eathe tthibupe essniag,

di fferentjd-Rai A apRLLEE idrar & M8 Qgg{iﬁ%gl QL &5 conneet ed R itbe

tubul ar string, wherein the pressure d erenti al ‘applying step
further c‘b"rﬁﬁ]tsf%‘é%“%qr BESATLES RGEprEs Sl énE%]E%é‘eﬁlaﬁ Rafis@pr o?t fahsw

passage ofudunart sibtilnal aglrimg aandlide ianomd s 1vkadd-heevak veodevi ce
wi t hout pernltggng gluld conmyni cati on betme n t he annulgs and _t he

fl ow passay&*t Tugd GHEYRECALE HPSENET I 7 FOPEHEY 2BOnDIS ditAY t he

step of, @fdseget he pressure differential applylng step, closing the
val ve device interconnected in the tubul ar string, thereby preventing
fluid conmunication through the val ve device between the annul us and
an interior flow padbsagetiofd rliectafyul’ar fetthergconpms sihgsting ssteppot,
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intervening into the tu ular string
device interconnected in the tubular string, thereby preventing

fluid communication through the valve device between the annulus
and an interior flow passage of the tubular string, the closing
step being performed without manipulating the tubular string and

without intervening into the tubular string.

9. The method of claim 8, wherein the closing step
further comprises preventing flow from the annulus into the flow

passage.

10. The method of claim 8, wherein the closing step
further comprises preventing flow from the flow passage into the

annulus.

11. The method of claim 8, wherein the pressure
differential applying step further comprises providing fluid
communication between the annulus and the flow passage via the

valve device.

12. The method of claim 11, whereln the fluid
communication providing step further comprises copening the valve

device by applying increased pressure to the flow passage,



9. The nethod of claim8, wherein the closing step further conprises

preventing flow fromthe annulus into the flow passage. 10.
The nmethod of claim8, wherein the closing step further conprises
preventing flow fromthe fl ow passagezgnto the annul us. 11.

The met hod of claim@8, wherein the pressure differential applying
step further conprises providing fluid comruni cati on between the
annulus and the fl ow passage via the val ve devi ce. 12. The
method of ol aim 11..uhereln, the f1yi d comunicatjon.praviding step
further conprises opening Thetvarve" gévi ¢& y app?ylng i ncreased
pressure ¢auiuhécitpow passeageing st@8 further conp3isdFhelarethothepf claim
12, wherei fluig _c i I v i st.ep. rther. c LSes
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i ncr easedPIRSEESar &° tidet héot IRRRSPESsage. 14. A test systemfor
a well having an annulus formed between a tubular string and a wall

of a well bore, the system conprising: multiple sets of annul ar
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| ocati onspett@eh oftdheasetsringchidingaal beast.el Whod)NWharswoaks; and
mul tiple val ve devices which are openable and closable in response to
vari ati on"8F pré8%ure in an interior flow passage of the tubular
string, each ofultthplyvadates dévamesatheselby whespesdaiveky fer ahhtiwg and
preventin ressure ¢ ni cation betweep.the interior flo assage
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respecti vindngiog dthdeset stwof aannldarseséal ssndaherei n each of the
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15. The syt @bRiaclRirihdA caMherei theaghvsustasskvenangyof the valve
devices is configured to |l ock closed in response to a correspondi ngly
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conpri si myinudtr| easlts , t woeamnimuleach sealthe valve devices provides fluid
communication between the interior flow passage and the annulus
longitudinally between the annular seals only if a corresponding

at least one of the annular seals leaks.

15. The system of claim 14, wherein each successive one of
the wvalve devices is configured to lock closed in response to a
correspondingly increased number of pressure manipulations in the

flow passage.

16. The system of claim 14, wherein the valve devices are
closable in response to pressure variation in the interior flow

passage after the valve devices have been opened.

17. An annular seal assembly, comprising:

at least two annular seals;



- 29 - a val ve devi ce including an openabl e and cl osabl e

fl owpath which respectively permts and prevents pressure

communi cati on between an interior of the seal assenbly and an
exterior of the seal assenbly |ongitudpnally between the annul ar
seals, wherein the flowath is openable by applying increased
pressure to the interior of the seal assenbly, and wherein the
flowpath i s closahke dwvidecheasidiggpaesSsishavla &hEcEakaikgﬁlsﬁpime
seal asseqpu% afterT%%%H¥|Qg:|ncrea ed pressure to the interiar

of
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cl osed to open at he annul ar seal assenbly
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seal assenb
closable by decreasing pressure in the interior of the seal

assembly after applying increased pressure to the interior of the
seal assembly; and

a lock assembly which prevents the valve device from being
cycled from closed to open greater than a predetermined number of
times, the valve device being cyclable from closed to open at

least one time.

18. The annular seal assembly of claim 17, wherein the
flowpath is closable without manipulating the annular seal

assembly and without intervening into the annular seal assembly.



