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I NVENTI ON wlldakisisé®F THE | NVENTI ON: The present invention pemrcanssigsseral ly
to wells for production of petroleum products and nore specifically
rconcerns wells |ocated in a subsea environnment where the pressure
containing integrity of wells is of particular concern fromthe standpoint
10 of environnental protection and for protection of workers and equi pnent
fromthe hazards of pressure | eakage fromwells. Mre particularly, the
present invention provides a non-intrusive nethod for nonitoring pressure

in well casing annuli 0 rom Si the pressure containing
integrity of the well é‘%qg] @EWBMM ng excessive
pressure in typical | y DEKERFORS WELL GASHNGANMAILENd 15 corrective
actions taken before a hazardous event can occur that m ght inpact human
life, the environment or property. DESCRIPTION O d THE PRI OR ART: Wile the
present invention has application to petrol eum producing wells other than
subsea well__s tems f or_pur oses of sinplicity and to facilitate ready 20
understéndi% rﬂg s, the present invention is
described herein art icularly as |t relates to subsea wells. The Mnerals
Managenent Ik TESIN YR NJAC revised its policy on Sustained

Casi nghead Pressure (SCP) for the Gulf of Mexico Quter Continental Shelf |
3 0 JUL 2004 The present invention pertains generally to wells for production of petroleum

products and more specifically concerns wells located in a subsea environment where
the pressure containing integrity of wells is of particular concern from the standpoint

10 of environmental protection and for protection of workers and equipment from the
hazards of pressure leakage from wells. More particularly, the present invention
provides a non-intrusive method for monitoring pressure in well casing annuli without
compromising the pressure containing integrity of the well system in any way, and
thus permitting excessive pressure in typically inaccessible annuli to be detected, and

15 corrective actions taken before a hazardous event can occur that might impact human
life, the environment or property.

DESCRIPTION OF THE PRIOR ART:

While the present invention has application to petroleum producing wells

other than subsea well systems, for purposes of simplicity and to facilitate ready

20  understanding of the invention by others, the présent invention is described herein
particularly as it relates to subsea wells.

The Minerals Mahagement Service (MMS) recently revised its policy on

Sustained Casinghead Pressure (SCP) for the Gulf of Mexico Outer Continental Shelf



WO 01/57360 PCT/ USOL/ 03451 Region (GOWR). The MVS issued a proposed Nﬁ)t h{]ﬁl.e
to Lessees and Operators (NTL) to define changes that are forthcorﬁ[hé "
iits curremopnsmed. Current (previous) policy is defined ipcanisvigsdssy 13,
1994 Letter to Lessees (LTL). SCP occurs when one or nore | eaks develop in
the barriers designed to 5 achieve and nmaintain pressure control of wells.
SCP is defined as: |I. A pressure neasurable at the casinghead of a casing
annul us that rebuilds when bled down; 2. A pressure that is not due solely
to tenperature fluctuations; and 3. A pressure that has not been
deliberately applied. 10 It is thus considered desirable to nonitor all
casing annuli for SCP on all subsea trees to ensure early detection of

pressure bRegiwp(GOMR) JhetMMS dssuedsa proposed Notict @6 LesIde alid Oped4tdrs
1994 LTL required all annuli on offshore producing wells to be nonitored

for SCP. to défiieschaRgesl that £28 forthodnhihg 88ith Eﬁt?&ft?g){c)f. OCH%‘Vglaﬂ @6%9%%528 ca

conventional, tixed platforns and departures have béen gra

wel| s. The pofee RRichlel SAM HBARN 3, (M04TURSPR MERLS d 3130 moni tor only the

annul us betpween the producti ng and p ‘casing strings (the
"A" annul us) si It .can be nonitored.by pressure sensing |lines ssi ng
t hr ough the wel | ac?,w%%twg?ﬂ Ofifs O I94© l‘l’%ﬁs develap: m ithey @‘-’bﬁ’g@g“ &sure
cont ai n%ng h%“ ng%or, wal | which isolates annul us 20 pressure fromthe

seawat e KeriEmANYR pEsssure peatebol wells. o¥ R isrdefinediasior nonitoring the
"A" annulus is to provide an annulus nonitor line in the tree's production
control unbilicdl andAopressurgmeasarablen ae thec casimghead rofss wasing eaxamiusi that he {
2 . ,
rebuilds when bled down; (

2. A pressure that is not due soiely to temperature fluctuations; and

3. A pressure that has not been deliberately applied.

10 It 1s thus considered desirable to monitor all casing annuli for SCP on all
subsea trees to ensure early detection of pressure buildup in any of the various annuli
thereof.

The January 13, 1994 LTL required all annuli on offshore producing wells to
be monitored for SCP. However, this regulation is written primarily for wells on

15 conventional, fixed platforms and departures have been granted for subsea wells. The
accepted requirement for subsea welis is to monitor only the annulus between the
production tubing and production casing strings (the “A” annulus) since it can be
monitored by pressure sensing lines passing through the wellhead, without any need
for penetrating the outer pressure containing housing or wall which isolates annulus

20  pressure from the seawater or other environment. The conventional method for
monitoring the “A” annulus is to provide an annulus monitor line in the tree’s

production control umbilical and/or to provide an electronic pressure sensor in the



WD 01/57360 3 0 J UL 2004 PCT/ USO1 /03451 tree's annulus flowpath. The
control line and/or pressure sensor can be isolated from the produ&tﬂ AW 2004
-“annul us owobtpstasd | by one or nore val ve closures on the subgseastrmesi
VWlls with SCP in the "A" annulus that is |less than 20% of the m ni num
internal yield pressure (MYP) of the affected casing can be produced on
a "self approved" 5 basis, provided the annulus pressure can be bled to
zero through a 1/2' needle valve in 24 hours or less. Criteria is also

est abli shed to determ ne unsustained casing pressure that is typically
caused by thermal effects during well start up. Surface wel | head systens,
used on |l and and on offshore platforns, provide pressure containing side
out | ets in tréeds anmilusgflempathuBhe gontecd dine andmprésisure sansonlcas be isblgted $oar € can
be nmonitored. API Specification 17D does not permt body penetrations in

hi gh pr essuhe produetion wahithe afitHeowell bg Bne oY ehbre vaRe tishads! SiNthe Wb fadtdeoved
i n subsea well head, housings, the overall safety of the well would be at

hi gher-ris »h r ' k
ot Covi el SRUESCPARNNESA DERMACHEL [PleOthali A% OF ofe RERGHIm SopetrilC
or a bod enetration cklon A1 uld be difficuli to detect until a
i o pr obl BRErAE SR VT LAF SF humected Bibe o5 b prodifihon Aa(sr b ppREyed
provi deg fﬁ{ a non-jntrusi Vl.ﬁ wel | head asi n% noni t ori ng ls?(stem to the
Deepst ar JRasts: P r‘b‘a@‘i‘ P pressure can pe hled ip zgeo; theough @Gl peedie valve in

nmoni toring systemuses strain gauges on the outside of the wellhead
housi ng. Th¥# kousy arf lesy ©fiteriads glsocgstablisheddo determine unsusthioad| czsing prepanels t o
the 20 annul ar areas between the casi ng hanger packoffs inside the
‘wel | head hothat is gypicatysmased:by therraali effectscdiubing swely stdraap.ng t he strai n neasured
on the outside of the wellhead housing to the pressure applied between the
packoffs inside Shgacscieliead systems, used on land and on offshore platforms, provide
pressure containing side outlets in the casing and tubing heads, from which annulus
10  pressure can be monitored. API Specification 17D does not permit body penetrations
in high pressure subsea wellhead housings. Even if penetrations were allowed in
subsea welihead, housings, the overall safety of the well would be at higher-risk
because each wellhead penetration creates a potential leak point. Obviously when a
wellhead is located at or near the seabed leakage or a body penetration connection
15  would be difficult to detect until a major problem has occurred.

In 1995, a laboratory demonstration was provided for a non-intrusive wellhead
casing monitoring system to the Deepstar Joint Industry Project. This non-intrusive
annulus pressure monitoring system uses strain gauges on the outside of the wellhead
housing. The elevation of the strain gauges on the wellhead corresponds to the

20 annular areas between the casing hanger packoffs inside the wellhead housing.

Pressure is monitored by correlating the strain measured on the outside of the

wellhead housing to the pressure applied between the packoffs inside the wellhead



3 W 01/57360 3 0 J U L 2004 PCT/ USOU03451 housing. The strain %gﬁﬂgum
nmet hod has not progressed beyond the | aboratory stage due to technt }
concerns 2NOWSTHP| enenting the method for the subsea envi r BERAINIANISLt ed
States Patent No. 5,544,707, dated Aug. 13, 1996, covers an adjustable

seal sl eeve nmechanismthat can be installed in the place of a normal

packoff assenbly 5 on the production casing hanger to provide access to

t he annul us around t he outside of the production casing (the "B" annul us).
The position of the sleeve is adjusted nechanically by a running tool

prior to installing the tree. Wen the tree is installed, pressure in the
"B" annul us, can be_ nonifored separately frompressure in the production

t ubi ng annﬁh‘ﬂ@m& ﬁ%’e"sﬂ"““aﬁﬂ‘fgi’ H&%MP@W kaypnd the inbomatory stage duey. 10
Monitoring of the "B" annulus is achieved by conventional means, in the
sane manneto teghnipat eendgns abputimplerientingthe enethodrfarthie sebsearentirenméit. annul us.
The adj ustable sleeve approach only enables pressure to be nonitored in
the innernost tvinied Siates@atent Noe5|54430TedstetDAAs 111bS6 iovBrs it Sfisdtitite
casing prograns may have up to six annuli. The seals and ports 0On the

adj ust abl ¢ FhP@UCARE:HRAIRhhan 1RAKsRS intnd Pke bEE REARA dyBorr hieifity 2! |

safety risk for the well United States Patent covers a t hod
that usgs hydgauli . : he tap, of wel | head housi ng .gnd.t he
tree conne(r:]%( or . %@%‘gﬁg&ﬁ gﬁé éljaﬁ%iﬁagcﬁsgmté?g %“’ﬁ%’é’&ngﬁlf ?‘ﬁ%‘gef’g
comuni cate, wi t h,each ot her en,the tree j | ocked to the well head. A

| ong verti clf HBHECten; fasing f‘ﬁgnﬁ h%"’E‘g'tP& ellrﬁ? Bestpy pf theisheeveois; ajusied ¢ he
wel | head commyni cates with a short, internal, horizontal hole in the

wel | head ho@eshagically by pping spolariarie installing the trasi Whemthedree is dnsialied, ar |
ar ea

pressure in the “B” anoulus can be monitored separately from pressure in the

production tubing annulus (the “A” annulus) through a side outlet in the tree body.
10  Monitoring of the “B™ annulus is achjeved by conventional means, in the same

manner as described above under current practice for the “A” annulus. The adjustable

sleeve approach only enables pressure to be monitored in the innermost two annuli of

a well. Some subsea wells with extensive casing programs may have up to six annuli.

The seals and ports on the adjustable sleeve are potential leak points that increase the
15  overali safety risk for the well.

United States Patent no. 4,887,672 covers a method that uses hydraulic
couplers between the top of wellhead housing and the tree connector. The couplers
enable ports in the welthead and tree to communicate with each other when the tree is
locked to the wellhead. A long vertical hole drilled from the coupler location in the

20 top of the wellhead communicates with a short, internal, horizontal hole in the
wellhead housing. The elevation of the internal hole exposes the annular area

between casing hanger packoffs to the monitoring port. One coupler/port



bet ween casi ng hanger packoffs to the nonitoring port. One coupl ezr’Pﬁlcl)ji'tzo% 3
0 JUL 2004 WD 01/57360 PCT/ USO /03451 conbi nation is used for each

“annul us tawo0e1/s38 t ored. The ports can be nonitored throughCa/usOHEsdsn t he
production unbilical and/or by an el ectronic pressure sensor, per current
practice. The hydraulic coupler nethod is not believed to have been
installed in the field. Orientation of the couplers prior to tree/well head
makeup is critical and 5 the couplers are subject to danage. Each port is a
potential |eak point that increases the overall safety risk for the well.
The M nerals and Managenent Service (MVB) of the U S. Departnent of the
Interior has proposed that wells with subsea trees will need to have all
casi ng annuombinasiontigused fosreach anamine to be sianitorede SEher porthean baimanitiredh
trees installed after January 10 1, 2005. This requirenent may present a
saf ety ri skhioughadiedn e poduttinoumbilitdl andfos by af eletirphicl presvarelseib ger of
accessing an annulus for pressure nonitoring Is to nmake a pressure

cont ai ni ng peagt gﬁkﬁ&sﬂ Tﬁawmuw&up&%eeﬁo&mopwﬁw%meém imbtafi&d 1t IS

wel | known that all penetrations thrfough the outer pressure contailning
housi ng of . . . [ I - DQJ | eal | Lsk, and
thus. sar ety e foftt Opfg 8P el Suateitict 3o Resphiibea B3an el bR
annuli wll, not he pract,.cal | ess afe .systemfor .doi.ng..so.becones
comer c}gnal IVWE@F‘&W%W"%JP%V%O% ROfE 1S p?@“‘l‘”r\j?ak N?‘ngﬁ’éd’?cl"?’éﬁst i on
17D for Subsea Wl | head _anfdﬂrChri stmas Tree Equi pnment explicitly prohibits
body penet rthgoyerallisafety fsk for theswelh subsea wel | head housings. Therefore, the
recommended nethod for nonitoring pressure in multiple annuli is by non
intrusive 20 meafibe Mihé¢rals and ddanagementi Serviae QdMS )af the LSy Departmpentaifithe. | t
is to this need that the present invention is addressed. _

Interior has proposed that wells with subsea trees will need to have all casing annuli

monitored for sustained casing pressure, beginning with trees installed after January

10 1, 2005. This requirement may present a safety risk to subsea wells, because the most

straightforward method of accessing an annulus for pressure monitoring is to make a

pressure containing penetration through the body of the pressure vessel. Since it is

well known that all penetrations through the outer pressure containing housing of

wellheads are potential leak points which add sealing risk, and thus safety risk, to the

15  well system pressure monitoring in all well annuli will not be practical unless a safe

system for doing so becomes commercially available. A further complication is that

API Specification 17D for Subsea Wellhead and Christmas Tree Equipment explicitly

prohibits body penetrations in high pressure subsea wellhead housings. Therefore, the

recommended method for monitoring pressure in multiple annuli is by non-intrusive

20 means, which does not exist according to current practice. It is to this need that the

present invention is addressed.



5 30 JUL2004 WO 01/57360 PCT/USOL/ 03451 The GOVR wi || not grant UL 2004
departures to all ow pressure on the outside casings of subsea,_mélqg

drill ed oWODLEE6Y acked after the effective date of the proraaruson®ias: unl ess
the | essee/ operator can docunent in their Application for Permit to Drill
(Form MVB 123) or Sundry Notice (Form MVS 124) that best cenenting
practices will be 5 used. Proposed best cenenting practices are defined by
the MM5 in Appendix B of the proposed NTL. This policy applies to all
conductor, surface, internediate and production casings. Pressure nust be
able to be detected at all times. For subsea wells, where only the
production annul us can be nonitored, diagnostics nust be conducted as

i ndi cated i n ApHe/@OMB vail no grant slepamereata allask pegssure fua the emtsidescatings 10

adj acent annuli will be restricted to nonitoring tubing pressure response.
That  requifi mireeat wells dnlled st iddtrackedeafbert tha teffeetis dateUsT thB Srépozed MeTL t o t he
"A" annulus as per current practice, and additional neans nust be provided

t 0 measur eunléysthelessebd eﬁtordﬁm&o&ﬁmbht' 1h(ihéiPApPﬂ€aﬁ&El%?PEﬁu{ D Cl(ﬁgl?'lf

annuIb: : 'rll'he obj ecti ve noni toring SCP on all annuli rrust ]
Slf]tyach;ﬁg?%*f% @%ﬁ@dﬁﬁéﬁgggﬂﬁ%s 1285 b e ﬁfi‘z Eondleret ‘;”ﬁféeeltfat
he st ndtha PRSP coRPhine Rechies ""V"'ﬁ%geﬁéy ther NS R ApperstE Bof cei ved

advant ages assom a ﬁ W th rmnl toring SCP on all annuli nust be achieved
wi t hout 6‘5 -r iL3%8 pelicyeappliesi taall Rendustdrapurficey ingérmediatennd 20

practi ce CI herwi se, well safety may be conprom sed rather than i rrproved 6
30 JUL2004production casings. Pressure must be able to be detected at all times. For subsea

wells, where only the production annulus can be monitored, diagnostics must be
conducted as indicated in Appendix A of the proposed NTL, except that results for
10  adjacent annuli will be restricted to monitoring tubing pressure response. That
requirement is understood to mean that access must be provided to the “A™ annulus as
per current practice, and additional means must be provided to measure, but not bleed
down or build up, the pressure in all outer annuli.
The objective for monitoring SCP on all annuli must be clearly established
15 before a change in practice is implemented, to ensure that any change achieves the j
desired result. The implied objective is to eliminate safety hazards, and thereby avoid
harm or damage to human life, the marine and coastal environment, and property.
Therefore, the perceived advantages associated with monitoring SCP on all annuli
must be achieved without increasing the risk or decreasing the reliability of current

20  practice. Otherwise, well safety may be compromised rather than improved.



WO 01157360 PCT/ US01/ 03451 Before the proposed practice of nonit rUi @ﬁP
on. all casing annuli is inplenented, concerns of safety, reliabrl iﬂa'

" cost nustwheikiehy addressed. Wells are safe if pressures prmeudoneys: and
~controlled in a reliable manner. There are two potential sources of SCP.

- The first source is fromproduced 5 fluids coming out of the reservoir;
the second is fromformati on pressure above the reservoir. If SCP results
from produced fluids, due to a packer or tubing leak for exanple, it wll
be detected in the "A" annulus first. Current practice enables nonitoring
of SCP in the "A" annulus, so the proposed practice of nonitoring SCP in
all casing annuli provides no additional benefit for the first source of
SCP. |f SCP 10 Before tthe fpraposédrpracticenof§y memitorieg SCR ool casimg \anoalides are
cement or structural failures. R gorous inplenentation of properly

engi neer ediniplémetied, Jionderas GE Bifery relfudility iand costhmubtchefully ddfessdile Wellk of

cenent related failures. Universally accepted "best cenenting practices”

ey COMe { faklioMiiredite dR5GH AR ohtolfeBIF ATbiabR: Blagndrle PTOPOSEd NTL, or
nme

they may co | ndustry. Well casing progranms and 15 subsea wel | head
equi pnment are sty uct Yy r I t he
outer casing anﬁfﬁrf #%?%L gg&%pg&ﬁgﬁ Sﬁsgi’ 0#1 ﬁw‘?shgfgf i&ﬁﬁzﬁgd"{%%d
noni t or in all casi annul i, i uest.i.o and. should o
Cons! 46k ethids Somng Py of Be TR Lol SSGRAAS A ERgPation arFses Mvabtﬁfshed.
The reliability of aSii”/H new SCP nonitoring system shoul d be equal to or
better 20reserapirc U /SR resulis dfiame preduced fuids, due(to aspackes omigbing leak for
conprom sed. The only nmethods that can be considered equally reliable to
«current precmple arwiihdbe- detectad iinetheetATodanulusNdinsti ntCumeny eraaich oehmbles ovi de
a neans to nonitor SCP without adding any new 7 3 0 JUL 2004
monitoring of SCP in the ‘A’ annulus, so the proposed practice of monitoring SCP in
all casing annuli provides no additional benefit for the first source of SCP. If SCP
10 results from formation pressure, the most likely causes are cement or structural
failures. Rigorous implementation of properly engineered and designed cementing
operations should minimize the risk of cement related failures. Universally accepted
“best cementing practices” may come from the MMS, as described in Appendix B of
the proposed NTL, or they may come from industry. Well casing programs and
15  subsea wellhead equipment are structurally designed to control formation pressure in
the outer casing annuli in a safe and reliable manner. Therefore, the need to monitor
SCP in all casing annuli is questionable and should only be considered if a highly
reliable means of achieving it can be established.
The reliability of any new SCP monitoring system should be equal to or better
20  than current practice, otherwise, well safety may be compromised. The only methods

that can be considered equally reliable to current practice are non-intrusive methods.

Non-intrusive methods provide a means to monitor SCP without adding any new
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WO 01/51360 PCT/ US01/ 03451 pressuring containing penetrations (i n%gu\m!icmﬁ)
to the subsea wel | head housing or casing hanger systens- Every penétration

Is a potewoeissdaak point that decreases reliability. Al § i
met hods add | eak points, either externally through the \/velﬁ’(ﬁiggg fqougsll ng or

internally through novabl e seals on the casing hangers. Even 5 though
non-intrusive nmethods do not add | eak points, their reliability at this
point in time is unknown because non-intrusive nethods are not fully
devel oped and field proven. The reliability of the pressure data gathered
by a non-intrusive systemmnmust be highly accurate, because the status of
the well and inportant operational decisions wll| be based on the data

acqui r ed. PIeEssaIing containieg @enetraidny (idtnisiguise 1@ ke Sgbsea .welllehd -HuSE USr
pressure nonitoring systemw | depend on the nethod enpl oyed. Srnce the

r econmendedsing thangeri systemsOEvier pesiettafion 1P 2 §étbntat 18ax Pr@mit d;at(k:egg{aisgéfd

proven, non-intrusive nethods do not exist at this ti

| P! erment g 000F BARE HONGSYaP WP, oRUC KRRl 05 A | P°

significant because wellhead systens, contt S on

dovel op ndriFt Boisifi of TRERAL wrOlh Srctablsiieals sitot caphg haasesncBverror

wel | s that, are pr.oduced, rtion-of the additional cost will have to be

i ncur r&d alaeqa'i}dlqnﬂewaw F'F‘?athgﬁpfi?a% add lgalp pejntse theinyxsbiahility atithisnsdintizad

systemw || have to be equipped to interface with an SCP nonitoring

system 20ime BOMKNON3beragse ngmintaGhe mel©Hs WBOnAM fxilyldeveloped and field
proven. The reliability of the pressure data gathered by a non-inﬁusive system must
be highly accurate, because the status of the well and important operational decisions
will be based on the data acquired.

10 The cost associated with implementing a. multi-annulus pressure monitoring
system will depend on the method employed. Since the recommended method is 2
non-intrusive approach, and functional, field proven, non-intrusive methods do not
exist at this time, the cost of implementation cannot be accurately estimated.
However, the cost will be significant because wellhead systems, control systems and

15  production umbilicals will all be impacted. The additional cost may preclude !
developing wells that are aiready considered economically marginal. For wells that
are produced, a portion-of the additional cost will have to be incurred during the
drilling phase of a project, because the wellhead system will have to be equipped to

interface with an SCP monitoring system.

20



SUMMARY COF THE | NVENTI ON The invention provides a non intrusive negpﬁﬂ lgr
nonitoring pressure in well casing annuli. The pressure containin UL 2004
integrity wbotdmeoel | systemis not conprom sed in any wayPCT/soosasial |
safety of the well is enhanced because 5 excessive pressure in a previously
I naccessi bl e annuli can be detected, and corrective actions can be taken
by the well operator, before a hazardous event occurs to human |ife, the
envi ronnment or property. The annuli between subsea well casings need to be
nonitored for pressure to ensure the well is being operated in a safe
manner and to satisfy regulatory 10 requirenents. Traditionally, only the

annul us between the production tubhr&g and production casing string is
noni t ored fS3F THE INVENTION | ed through marine well heads. New

regul atory requirenents may dictate that all casing annuli be nonitored
for pressure in THednébertiongrovides pnasmttusive wethodfor eromitbrng pressuseria webl be
nonitored in the outer annuli of the well casing programw thout addi ng any

pressure 1%,6apt Mduling TRE epredsube Néontanih Cintiplity SOfS teiMwelhi systeai-ik Nhéwsi ve
approach to nonitoring pressure in the annuli preserves the pressure

pEsoR i o BRI, "TRE el sEEACRE (R I Ehhanesl Because
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which is illustrated in the appended draw ngs, '

a life, the environment or property.

The annuii between subsea well casings need to be monitored for pressure to

ensure the well is being operated in a safe manner and to satisfy regulatory

10  requirements. Traditionally, only the annulus between the production tubing and
production casing string is monitored for pressure for wells drilled through marine
wellheads. New regulatory requirements may dictate that all casing annuli be
monitored for pressure in the fiture. The present invention enables pressure to be
monitored in the outer annuli of the well casing program without adding any pressure

15  containing penetrations to the well system. This non-intrusive approach to monitoring

preésure in the anmuli preserves the pressure integrity of the well and maximizes the

safety of the well.

BRIEF DESCRIPTION OF THE DRAWINGS
20 So that the manner in which the above recited features, advantages and objects

of the present invention are attained and can be understood in detail, a more particular

description of the invention, briefly summarized above, may be had by reference to




whi ch drawi ngs are incorporated as a part hereof It is to be noted t]fm/%g
that the %péﬁended drawings illustrate only a typical enbodi nent of3

i nvent i oYOMHB 3P e therefore not to be considered Iiniti ng RET/USM/0381scope,
for the invention may admt to other equally effective enbodi nents. In the
Drawings: Fig. 1 is a schematic sectional illustration of a wellhead system
of a conventional well, and which is typical of subsea Christnas trees,
showi ng a system 10 for nonitoring pressure in the annul us between the
production tubing and the production casing string (the "A" annulus) and

bei ng representative of the prior art; Fig. 2 is a schematic sectional

11 ustratg eg _havi . cgnvent | Qqnal annul us pressure

noni t or i ntggr%l/'%?g?nd %@?’Wﬁ.%@?ﬁﬂ&@i‘?i H H8.the Appendedn draningssi ve
system ac orlgig%gvato thgq‘gi nci pl es of the present invention, with an 15
intelligehti® 78S 3t @S apertderaafunt ed externally on the wel | head
and intelligent sensors nounted for nonitoring pressure in all annuli and
representing this toieciated baweyasothatthe: appendededrawiegstillostrat&ogly Btyipica
schematic sectional illustration of a subsea tree simlar to that of Fig.
2 and depmhadingend of shiscinvedtioncamhiredtheffdre Aot tth HePésRlted H‘x‘ﬁﬁﬂf? SfitPei ng a
non- 20 intrusive pressure neasurenent system having strain gadges nount ed

on the walkcbpe st thelnventoninay M5t Bk W i d strain
nmeasur enent]!%éevi ce 10 30 JUt 200t4°V\D 0%%?%?%%

I nterconnected therewith for detecting conditions of strain and thus
detecting conditions of internal pressure within selected annuli; Fig. 4
i s a schdmdhé Drayangs: onal illustration of a subsea treé having a

Fig. 1 is a schematic sectional iliustration of a wellhead system of a
conventional well, and which is typical of subsea Christmas trees, showing a system
10 for monitoring pressure in the annulus between the production tubing and the
production casing string (the “A” annulus) and being representative of the prior art;
Fig. 2 is a schematic sectional illustration of a subsea tree having a
conventional annulus pressure monitoring system as in Fig. 1 and additionally having
a non-intrusive system according to the principles of the present invention, with an
15  intelligent sensor interrogation device mounted externally on the wellhead and
intelligent sensors mounted for monitoring pressure in ali Mi and representing the
preferred embodiment of the invention;
Fig. 3 is a schematic sectional illustration of a subsea tree stmilar to that of
Fig. 2 and depicting an alternative embodiment of the present invention being a non-
20  intrusive pressure measurement system having strain gauges mounted on the wellhead

housing structure and with a wellhead mounted strain measurement device




conventional annulus pressure neasurenent systemland illustrating an & He. 2004
5 enbodi nent of the present invention incorporating a sliding sleeve

| ocat ed iwolofreraps oducti on casi ng hanger and bei ng noveabl e POFNISHENILA]

- position nonitoring pressure in annulus "A" and a position nonitoring
pressure in annulus "B"; Fig. 5is a schematic sectional illustration of a
subsea tree having a conventional annulus pressure neasurenent system and
illustrating an intrusive 10 pressure neasurenent enbodi nent of the
present invention incorporating side outlet wellhead penetrating el ements
in conmuni cation with selected annuli and valve controlled conduits for
control ling communi cation of sel ected annulus pressure to an annul us

moni t or | iinterconmettdd therewith fors detenting ccandisiansnef strakn sanda thusn detecting ubsea
tree having a 15 conventional annulus pressure neasurenent system and

r epr esent igagdifions Sfinternatipoebisorenitidh seleetefmamdit i nventi on and havi ng
annul us pressure communi cati ng passages internally of the high pressure
housi ng whi ch g, 40 if UMSLRchld QBctidral illa&tABheef A NubieadBde WhdvingV4lr aul i
coupl ers connectTng the pressure comunicating passages with respective

annul us pressure co Lgatl i aul us, 42 r [toring
yot em of ERESTHopH RS0 syBfuin, fiSepkosels, JBH BndcURGERRY" SRt | 2,
DESCRI PTI ON OF, PREFERRED EMBODI MENT Fig. 1 of the.[raw ngs schematically

I st 5t TP 6ok - RRHN FOT SR BRI ORRAIAITE h QUGB NS JOCHH hithnal
systemrepresenting the prior art for detecting pressure conditions within
t he pr oducproductionisasins bargesand peingameyasblebetwericd PeSIOSMQBIQIERS PGSR SSUr €

conditions within annulus "A". The pressure neasurenent system
' in annulus “A” and a position monitoring pressure in annulus “B”;

Fig. 5§ is a schematic sectional illustration of a subsea tree having a

conventional annulus pressure measurement system and illustrating an intrusive

10  pressure measurement embodiment of the present invention incorporating side outlet

wellhead penetrating elements in communication with selected annuli and vah.fe

controlled conduits for controlling communication of selected annulus pressure to an
annulus monitor line; and

Fig. 6 is a schematic sectional illustration of a subsea tree having a

15 conventional annulus pressure measurement system and representing another

embodiment of the present invention and haviﬁg annulus pressure communicating

passages internally of the high pressure housing which are in communication with

selected annuli and with hydraulic couplers connecting the pressure communicating

passages with respective annulus pressure communication lines of the annulus

20  pressure monitoring system of the well.




of Fig. 1 is of non intrusive-nature but it does not have the capal@d gy an,
for measuring the pressure of other annuli. Fig. 2 of the Draw ngs

i1l ustrat®O8/57360 i ntrusive pressure nonitoring system forpeRiUsSop@asINg
annuli, representing the preferred enbodi nrent of the present invention 10
that consists of intelligent pressure sensors nounted on the casing hangers
and/ or casing strings and a neans to renotely interrogate those sensors.
The interrogation device may be | ocated external to the well head or may be
| ocated internal to the wellhead on or within the conpl etion tubing hanger
or tubing string. The invention does not require any penetrations through

t he high | ngs,.. 15 casi ng hangers or casing
strings. @W@WW@&&%@%@BW@N ent practice, may
be maintained. For wells with nultiple casing strings and thus nmultiple
annul i, the preS&url of dhe Dirawings schematicallyf illostratg 4 webhead datvirsg miultipigh
multiple casing wall sections. The primary intent of the invention is to
provi de prawwidir and shewing cancoinentionalngystedd répresentingi thé) Peibr aftt fop CdeEé R

i ntrusive, pressure containing penetrations and associated potential |eak

poi nts i ntpreksuee \vohditions within uctibRSub b t S 12 3
0 JUL 2004 WO 01/57360 PCT/ USQ /03451 |in’i![}%§ toagér}ot\?? |ng' pre?surqgadat a.

Q her rsel eyabitingSdrksstat & P?Hﬁ’g ih GARALaL W e 19k olher information may be
provi ded by t&f?en\é?ensor  Congite sgﬁt;%{rls W P? %e‘ec‘lﬁ'g PIGRRT %ﬁﬁﬁ?ﬁ“&)sﬁé‘?"f’orm
their funciien. Eth wer._ suppl .be a battery that is part of the
sensor sys{’%ﬁrl\%‘ ‘I’hl%%%ﬁ?é?%ﬁﬁ@%é‘%é@goe%“%rpa&ﬁ%h%?@awq MEAWFAGgat i on
signal to provide lncarnghﬁlél fe.. Multiple battery sets that are activated by{
di fferent SegmeSUe RO apyll; ;0d sequentially to provide even |onger !

Fig. 2 of the Drawings illustrates a non-intrusive pressure monitoring system
for well casing annuli, representing the preferred embodiment of the present invention
10  that consists of intelligent pressure sensors mounted on the casing hangers and/or
casing strings and a means to remotely interrogate those sensors. The interrogation
device may be located external to the wellhead or may be located internal to the
welthead on or within the completion tubing hanger or tubing string. The invention
does not require any penetrations through the high or low pressure wellhead housings,
15  casing hangers or casing strings. Penetrations through the tubing hanger, per current
practice, may be maintained. For wells with multiple casing strings and thus multiple
annuli, the pressure sensors are capable of being interrogated through multiple casing

wall sections.
The primary intent of the invention is to provide pressure data from the casing
20  annuli without introducing intrusive, pressure containing penetrations and associated

potential leak points into the well system. However, the intelligent sensors are not

12



life, i.e., use one battery until it depletes, then activate another3g JUL 2004
previously unused battery. Alternatively, power and signal nmay be
“transm tt Qg bk h the wel | head, casing hanger and/or CaspRHusiossst
~applicable, to the sensor. The sensors may utilize 10 fiber optics,
el ectromagneti sm strain gauges, x-rays, gamrma rays, acoustics, nenory
netals, or other nmeans to performtheir function. The sensor interrogation
device may be fixed to the well head housings or subsea tree, or it may be
nount ed on the well head housi ngs or subsea tree in a manner that permts
it to be renotely installed and/or retrieved by diver, by ROV or by other
15 type of renote intervention neans. The sensor interrogation device my

al so be déiplidad protiding pressumeeddta b @therarelevantt welf ditheswwhnigl teipennirglirng
string assenbly. The interrogation device could then be renoved and

repl aced bythe infbiatione may be Povidéd I?gthe sbhiopg Nat i vely, the interrogation
devi ce could al so be suspended inside the production tubing string in a

manner t hat perFﬁhasseh%,r%m%esﬂrﬂoﬁeﬁf}?ﬁéy%@islnftéﬁﬁﬂir ffciSe 1R Afiver20

i ntervention, to avol aving to ‘pu string. Power _and si gnal
to the sensor ,interrogation.device be supplied.through conductor,s in
the. producepenly thall 1< R BRAGR RS By A ths enRuers, TnidRHE, med s e 15
0 JuL 2004 WO Q1/57360 PCT/USQ1/03451 at t h? appropriate interfaces. Power
may al sd b&MAGALRY; the inlerpgation Jigpalde Rroviga longdife. dviulupls aattery gpts that
i nterrogation device. S_iﬁ%nal s. may then be transmitted acoustically, or by
ot her non- aonaktivatedeyndifierent vigoalyamay bgautilized deguentinlly topravidsgenendaongesvi ce
is transmtted to a control systemfor processing and readout. 5 Referring
‘now t o t he life,aivé. ngse amed bitterg tuntib itFdepletds, thére agtbaenmidthers pravicushy unused
illustration depicts a conventional subsea tree, shown generally at 10
having a pattery. Alternatively, power and signal may be transmitted through the wellhead,
casing hanger and/or casing, as applicable, to the sensor. The sensors may utilize
10  fiber optics, electromagnetism, strain gauges, X-rays, gamma rays, acoustics, memory
metals, or other means to perform their function.
The sensor interrogation device may be fixed to the wellhead housings or
subsea tree, or it may be mounted on the wellhead housings or subsea tree in a manner
that permits it to be remotely installed and/or retrieved by diver, by ROV or by other
15  type of remote intervention means. The sensor interrogation device may also be
deployed within the well bore as part of the completion tubing string assembly. The
interrogation device could then be removed and replaced by pulling the tubing string.
Alternatively, the interrogation device could also be suspended inside the production
tubing string in a manner that permits it to be retrieved by wireline or coiled tubing
20  intervention, to avoid having to pull the tubing string.

Power and signal to the sensor interrogation device may be supplied through

conductors in the production umbilical and through conductive or inductive couplers

13




conventional annulus pressure nonitoring system for nonitoring pres<udlé igm,
dnnulus: "A" and being representative of the prior art. The well

const ructWO®/836pri ses a conductor pipe 12 which penetrat @CTIUSH1/0345f ace
formation to a desired depth and 10 which is cenmented to the surface
formati on. The upper end of the conductor pipe is sealed by a packer 14 to
‘a high pressure containing housing 16 connected to surface casing 18 and
form ng the outer pressure containing housing of a wellhead or "tree". The
outer pressure containing housing 16 is connected to the upper end of
surface casing 18 which is also cenented to the earth formation. The
conductor pipe 12, the 15 housing 16 of the surface casing 18 and the
packer 143k S RePHRNRntECrR. BaMer ALY 8o berprovided by Batiery thab iscpert of
conditions the pressure conditions of annulus "D' is not neasured because
to do so Hsasensors§athecintasrogation levicef Signalscuayithende tpinsmitbed acougticaligur e

noni toring connection. An internedi ate casing 20 extending through the
surface casbpothid mmecondactiveaheqnsc clRndas gathetdicby thiel MtdrfgaRod Govichas a
pressure 20 containing housing 22 at its upper end formng a pressure

cont ai Ni NgraR@RPRAHE cBhtrollsP@Redtot PRREssing 4nd reh@dutedi ate casing and its
housing 22 . represent a pressure containing partition internally of the

outer pressure Al N ' . : L0g.14. 3,0 JUL 2004 WD
01/ 57380 PCT/ u@%@ﬁﬂ“ 100 bl ?‘)%gs%%gég%\}#t I He, SEemte Secriomal ng,
define an.annul.us ;/C’'. The _infernediate casi Is sealed internally of the
housi ng ZQ?W‘Ho'baFfRHﬁ“ 24%8“%10"3?%':?6%% iR ég&"ﬂgg%“’éla‘(t ghdPnbaving ime
depth of the production formation is sealed to the housing 22 by a packer
28. An an®Pyratioppl angulpsressyreyBeRiEaing: sistany for mopitoning presswde pr atudes on
casings 20 and 26 and is isolated by packers 24 and 28. Production tubing
30, whi ch“Adyardl bangxepnesentativeof the prforodrt.t HEhepwell uminswuctionr coxhprisesi s
sealed to

conductor pipe 12 which penetrates the surface formation to a desired depth and

10 which is cemented to the surface formation. The upper end of the conductor pipe is
sealed by a packer 14 to a high pressure containing housing 16 connected to surface
casing 18 and forming the outer pressure containing housing of a wellhead or “tree”.
The cuter pressure containing housing 16 is connected to the upper end of surface
casing 18 which is also cemented to the earth formation. The conductor pipe 12, the

15  housing 16 of the surface casing 18 and the packer 14 cooperate to define an annulus
“D”. Nommally in subsea conditions the pressure conditions of anmulus “D” is not
measured because to do so would require penetration of the conductor pipe by a
pressure monitoring connection. An intermediate casing 20 extending through the
surface casing 18 and also being cemented to the earth formation, has a pressure

20  containing housing 22 at its upper end forming a pressure containing component of
the wellhead. The intermediate casing and its housing 22 represent a pressure

containing partition internally of the outer pressure containing housing 16 and, being




t he production casi ng at its |l ower end by packers 32 and 34 and i 53 8atilald
at its upper end to the housing 22 by one or nore packers 36. Wthin.the
 pressure OGWOOESTSMg housing 22 and bel ow the tubi ng hanger POTUSAN034se
- packer 36 an annulus, typically referred to as annulus "A" is defined.
Annul us "A" conprises the space between the production casing 26 and the
production tubing 30 and isol ated between packers 28 and 36. Conventi onal
practice permts annulus "A" to be nonitored while annuli B, C D, etc.
are typically not nonitored. According to current practice the pressure
Wi thin annulus "A" is neasured by a 15 pressure neasurenent |ine 38 which
has its lower end in co ni cg%ion wth annulus. "A" as shown. Pressure

measur enmentCOREAAGGALY 2 SPassd &hes uger bausings ndefine| apcannylus; $CContFhe | ed

by a valve 40 which is provided on the subsea tree structure 42. A
product i on istermedisteneasingois sdaled mternally ofrthe theusing t22 bha pades 24 and a
measurenent |ine 38 across a control valve 46, thus permtting annul us

pressure ngpesduction Riasing 28Cexeenditlg i thé'depth dfahé prefuttitelormaash (9 bdatsl to
production conduit 48 is in comunication with the production tubing and

Lo ;‘383? o R MY 87 PR 2 A handEE ) o Q%f%éf?*f],%%ﬁp%&g*‘%k@@‘gééﬁ”i ’
pst roa or B aLHRH Gishal 205 25 A AR By Vallpy 24 SROAH; BRSSO s

pressure nopnjtoring,as sho in Fjg.,1.0only_.the ressyre w thin anpul us
" the prbbIEROGHhIER R Ao pendBishe g5t B domRationgs sealed o,
case, the conditjon of pressure within annuli_"B", "C' ‘and "D' is not
‘KNOWN. the production casing at its lower end by packers 32 and 34 and is sealed at its upper

end to the housing 22 by one or more packers 36.
Within the pressure containing housing 22 and below the tubing hanger and
10  the packer 36 an annulus, typically referred to as annulus “A” is defined. Annulus
“A” comprises the space between the production casing 26 and the production tubing
30 and isolated between packers 28 and 36. Conventional practice permits annutus
“A” to be monitored while annuli B, C, D, etc. are typically not monitored.
According to current practice the préssure within annulus “A” is measured by a
15  pressure measurement line 38 which has its lower end in communication with annulus
“A” as shown. Pressure measurement communication via pressure measurement line
38 is controlled by a valve 40 which is provided on the subsea tree structure 42. A
production annulus monitor line 44 is connected with the pressure measurement line
38 across a control valve 46, thus permitting annulus pressure measurement of
20 annulus “A” to be selectively controlled. A production conduit 48 is in

communication with the production tubing and is controlled by valves 50 and 52 to

permit the flow of production fluid through a production outlet 54. Production




-

Thus, in the event | eakage of any well conmponent, such as a packer, efgndwt

joint, seal, etc. should be occurring, it will not becone i mredi at JUL 2004
apparent WO @1/8360per sonnel in charge of the well. This, of POTUS&/3asin | ead
to a condition where a pressure containing conponent can fail, potentially

rel easi ng pressurized petrol eum 10 products not only to the environnment but
also to an area that m ght be occupied by personnel. Wen the pressure
conditions of the annuli "B*, "C' and "D' are known, in the event any
annul us pressure condition should change and is considered to represent a
potentially hazardous condition, the mell can be shut in or repair

operations_can_be sé:hedlfl ed so that ressur.e containing integri ty of
the wel | cBSSUI%CAPPEIAIYE Ntﬁﬁfzﬁoﬁ pet 48 either ppsiream anfig
know edge of the ressure condltlons within the annuli "B", "C' and "D' of

a wel | headthsyalvesp@ped pZportant factors to enabl e mai ntenance of the
pressure containing integrity of the well head systemas well as other well

conponent's. ConWthueomvegtionah aneulus psésguiel nOAMGHAg RS ERSIN D Fi%el RAlyt thef
i ndustry and 20 governnent in providing wells, especially subsea wells,

Wi th syst epfessufd withill #Rfulud0“ AR ItRS prodRcMbA Hhﬁhlap% capabld'0f bathb hinildh&

various annul i thereof Though 't he pressures of varl ous

| | head %3%0 - 16 1/ 57360
geCTnlgOUOB cﬁ) cgrlllt%fﬁﬁi&%g OUSI ngs a&g pn‘?'r,; %e? %‘1‘%“ can be
trat i t d | in th b
Gt T onmont Wbk 178t et BF P " igRonsrh torh 3F scetoke, 123 #Bh: s i s

not a viable option. As nentiagned, above, it is considered inproper and
pot enti al IiFahaﬁﬁeF%%dd??doﬁ%P&iol}swﬂﬁ i bacoms ramediatele appaxent e othe

conponents for the purpose of accessing the various annuli for pressure
personnel in charge of the well. This, of course, can lead to a condition where a

1

pressure containing component can fail, potentially releasing pressurized petroleum
10 products not only to the environment but also to an area that might be occupied by

personnel. When the pressure conditions of the annuli “B”, “C” and “D" are known,

in the event any annulus pressure condition should change and is considered to

represent a potentially hazardous condition, the well can be shut in or repair

operations can be scheduled so that the pressure containing integrity of the well can
15  be efficiently maintained at all times.

Obviously, knowledge of the pressure conditions within the annuli “B”, “C”
and “D” of a wellhead system are important factors to enable maintenance of the
pressure containing integrity of the wellhead system as well as other well
components. Consequently, there is significant interest on the part of industry and

20  government in providing wells, especially subsea wells, with systems for monitoring

pressure within most, if not all of the various annuli thereof Though the pressures of

the various annuli of wellheads can be monitored if penetration of the pressure




" nonitoring. Consequently, the present invention provides an effective
solution to the problemof annuli pressure nonitoring and yet pernﬁgg JUL 2004
" mai nt enanswo oifs78éke pressure containing integrity of all webdTAOSITMOMRNtS.

- Wth reference nowto Fig. 2, a preferred:-enbodi nent of the present

invention 10 is presented in conjunction with a schendtic illustration of
a well systemshown in section. The basic well systemis substantially the
sane as presented in Fig. 1, thus |I|ike reference nunerals appear for |ike
conponents. The pressure nonitoring system for the well includes a
conventional production annulus pressure nonitoring systemas descri bed
above in connection with Fig. 1. Anintelli ?lent pressure sensor 56 is 15
nmount ed exCAMARING, hopsinge asd,gomppagnts of wellpccam dej persteatest diyl présserat ed

within the high pressure wellhead structure. The sensor 56 is |ocated in
communi cat imemitaiing passages and limes, im thet subses eméemment optes dwusiag peasteition An
intelligent pressure sensor 58 is nounted externally of the internediate

casing 20 gdannilipeesstieomedsarereans igot N @iably optioN, € AWirhétitionad AN it {5 -
Li kewi se, another intelligent pressure sensor 60 is 20 nounted externally

of. t he sur f.agddeasd imbrober and pbéenfl 'Td'h{g%ﬁ ' Al &S within.
annul us " DF. 17 3 0 %% 2004%%%?{373 Q%%%/Eduso %SQ%Qiﬁt%ﬁggnt

kNt ' ' ' || y. of . | i t hi
o on ab SRR LRfootitlsCfor e bt MRS IR latichls SRl RO Argitentl (011
sensor or sensor.s have the capability .for conmmunicati )ressur.e signal s
and i nt er MARIOTIBE CORTEARENtsh ths BFFserl dnVERton Srovides arnueithche solgties &, fhe

contai ni ng housing or 5 other wel|head conponent. Thus,” without penetrating
't he pr essuPsoblem ofiaanyly pressarefgonitoring and yet permits maintenance of the pressure

containing integrity of all well components.
With reference now to Fig. 2, a preferred embodiment of the present invention
10  is presented in conjunction with a schematic illustration of a well system shown in
section. The basic well system is substantially the same as presented in Fig. 1, thus
like reference numerals appear for like components. The pressure monitoring system
for the well includes a conventional production annulus pressure monitoring system
as described above in connection with Fig. 1. An intelligent pressure sensor 56 is
15 mounted externally of the production casing 26 and is preferably located within the
high pressure wellhead structure. The sensor 56 is located in communication with
annulus “B” and thus senses the pressure therein. An intelligent pressure sensor 58 is
mounted externally of the intermediate casing 20 and in position for sensing the
pressure within annulus “C”. Likewise, another intelligent pressure sensor 60 is

20 mounted externally of the surface casing 18 and is positioned for sensing the pressure

within annulus “D”.




wWith an intrusive pressure nonitoring passage, pressure S|gnals from
intelligent pressure sensors,|ocated within each of the annuli toEHpJUL2w4
~ moni t or edwemke7a6of | ui d” pressure within selected annuli to HErUSRABESE
obt ai ned. The pressure signals received by the intelligent sensor
interrogation device 62 are then comunicated via one or 10 nore outer
annul us nonitor lines or conductors to a receiver which may be | ocated on
a production platform Any unusual annulus pressure that is detected can

i medi ately be identified as to potential cause, and appropriate action can
be taken to service the well systemor shut the well in until repairs can
be made, thus ensur mai nt enance of the safety and integrity of the

wel | . 15 The inf\8| W@gaemsmm festies |62g§n!0cg@ds®nemﬁrr¢ﬁ)gat i on
device may utilize technology such as fiber optics, electro-nmagnetism
strai n galapasluswithip syhickyamintelligens pressuressensos is leated yndvietand shevimckllpgene r
nmeans to acconplish data sensing and transm ssion through the wall

struct ur e sehsérher veenkdrsahbvei the rapabilityt fri BgmnaRatingtpresufy sigmisvahy head
by sensor connectors. 20 Referring nowto Fig. 3, an alternative enbodi ment

of the pr @gfqngrg £ ?ﬂﬁﬁ ' : LC

I 1lustrat ?gﬁé?f)o 'y syst e éﬁ)ﬁeﬂﬂﬂ?ﬁu&&&cﬁg bmiﬁuﬁ%%m S
substanti ed..in Fi hus 18 3 0. .J 2604 WO
01157380 %@E&#ﬁﬁ%ﬁ} 38 Fonopdlye Yl ki prthiefas e Sogpitning fotsing
conmponent s. he pressure nonitorin stem for the well includes. a
convent i on¥ith ot ARRCRSTYS, PLESSHe, nagst 'é‘ rRASIABR; PEISPYE sigaale fom dintrlligent ped
above in connection Wth@tpcg 1. Strai ntgauges 66 and 68 are nounted in
strain nmecRigRSURe) SeRseds do withine cach of theranauk tarke aonitorest endbde |fbddt i onis,

such as 5 regions between internal packers, on the outer pressure
cont ai ni ngpresswsé mithire seléctedhannuli to be readily obtained. The pressure signals received

by the intelligent sensor interrogation device 62 are then communicated via one or

10  more outer annulus monitor lines or conductors to a receiver which may be located on
a production platform. Any unusual annulus pressure that is detected can
immediately be identified as to potential cause, and appropriate action can be taken to

- service the well system or shut the well in until repairs can be made, thus ensuring
maintenance of the safety and integrity of the well.

15 The intelligent sensors and the intelligent sensor interrogation device may .
utilize technology such as fiber optics, electro-magnetism, strain gauges, x-rays,
gamma rays, acoustics, memory metals and other means to accomplish data sensing
and transmission through the wall structure of the wellhead with necessitating
penetration of the wellhead by sensor connectors.

20 Referring now to Fig. 3, an alternative embodiment of the present invention is
presented in conjunction with a schematic illustration of a well system shown in

section. The basic well system is substantially the same as presented in Fig. 1, thus
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" high pressure wellhead. In the event of pressure increase or decrea$@ JUL 2004
within annuli "B" or "C', the dinensional changes of conponents responsive
"to the pregruifseseechanges will be sensed by the strain gaugeeTAfSoams4sHS.
These strain related signals, which are in effect pressure related signals,
~are conducted via signal conductors 70 10 and 72 to well head nounted
strain neasurenent devices 74 and 76. The output of the strain nmeasurenent
devices 74 and 76 is then conducted to an appropriate receiver by a signal
conductor 78 which is also referred to as an outer annulus nonitor |ine or
lines. Preferably, the receiver of the strain or pressure related signals
wll be located on or provided within a well nonitoring system | ocated at

t he per sonliks referende mimegals appeasdoclike)copponents: Rherpressheer mewnitaring systemi | ity.
A strain gauge 80 is also nounted to the outer surface of the upper
pressure cfoptthe wetignéiades agotvemtionsl prodydtivel asnilas tphessure anonitdring $Hispsn 12.

Any pressure changes within the annulus "D' defined between the conductor
pi pe and t pedesbibeCibova i Eshnb&tiod with [Fey Q0TS Bahigk066 al bb RESMoliRiedifd
strain measurenment device 82 via a conductor of connector 84. 20 Referring

now to Fig f UL Jer Y ?,nyﬁ_ﬁicgg f . p | tion

I S shown iﬁrag%r%ﬁ%ﬁ %%\A‘ﬁbhﬁa ?(l:’he% I C 1 ug{lragtlon gffogét\?ve ls{slélﬁs/'??am
shown in section. The .basi | systemis substantially the s

o1 asentad TG et ePn Rt PRekesh AR thaousT, ARG BEEREPYSHE 16 of e hys

| i ke reference nunmeral s appear for |ike conponents. The pressur.e nonjtoring

syst em f or higheprggsure wellheade Sin-the swent AL prRwBMIe IngRease PhHAeCAAsSE Within apauli, o
nonitoring system as described above in connection with Fig. 1. In this

case interfBY art fQGt teeedig@ensiohalt pkanges |df ecinponsits iresponsive i thedpressure a
conponent of the production tubing as 5 shown, defines an annul ar external
seal i ng suchages 841l bérsensedebydthe strain gamgess6iland 68. These strain related signals,
which are in effect pressure relat:d signals, are conducted via signal conductors 70
10  and 72 to wellhead mounted strain measurement devices 74 and 76. The output of the
strain measurement devices 74 and 76 is then conducted to an appropriate receiver by
a signal conductor 78 which is also referred to as an outer annulus monitor line or
lines. Preferably, the receiver of the strain or pressure related signals will be located
on or provided within a well monitoring system located at the personnel level of a
15  production platform or other suitable facility. A strain gauge 80 is also mounted to
the outer surface of the upper pressure containing housing that is coupled with the
conductor pipe 12. Any pressure changes within the annulus “D” defined between the
conductor pipe and the surface casing 18 will be conducted to a wellhead mounted
strain measurement device 82 via a conductor or connector 84.

20 Referring now to Fig. 4, a further alternative embodiment of the present

invention is shown in conjunction with a schematic illustration of a well system

shown in section. The basic well system is substantially the same as presented in Fig.




sealing surface 90-may be defined by an upper portion of a.housing gf[]l Sihernns
_production casing 26. A sliding sleeve elenent 92 is disposed in seallng
engagenent WiQ157¥Be i nwardly facing annul ar surface 90 and HGIFUS1foB4sat
position, shown at the right hand side of Fig. 4 for nonitoring the ’
pressure of annulus "A'. The sliding sleeve element 10 92 is linearly
noveabl e to a second position shown at the left hand side of Fig. 4 for
nonitoring the pressure of annulus "B". In its second position the sliding
sl eeve al so establishes sealing engagenent with the outwardly facing
annul ar sealing surface 88 of the structure 86. The sliding sleeve is

subject to t draulically or .injected pressure, by an

el ectri cal g%gméﬁa\é%#gwﬂﬁﬂﬁm%%m enlsi t s Rressgraevmanitoning e
sliding sleeve fg,mctionﬁ_a a valve to control conmmunication of a pressure
measur ementSYBER: fonAhewe yies dneenveatienad production anaiilus 'phéssaredmofitoring
Referring nowto Fig. 5 another alternative enbodi nent of the present

i nventi on isystema@adesanibed apawedn iconnestibh witisFige bR Th ¢hik bhseShtefial SRuchregse! |
system shown in section. The basic well systemis substantially the sanme

as present ef thewelllyead, Hhich, cdnhis fiked €0 o aSdiischent! BEURY ﬁm@ﬂfiﬁﬁf nibfifg hd K€
Nncl uaes a

conponents. The pressure nonitoring systemfor the well™i

convent § onahowh, 08kl QR aARI eeizf SEiing SRRCE 881 NAn iRNEIR RS degesnc.rﬂi&bed

above in connection with Fig. |I. A presSure sensing |ine 94, 2004

00 0115730 AL 7 5] e AR o U TR RS oo
SS9 DSABRESRL" e b, o 5, B et 57 St st vl

connected with H\ﬁa_annul us pressure nonitor line 44. Another line or 5
passage 1067y ingsannplar surface 90 andh hama firstgpdsiticern, rshown cit tthes right hand

housing of the L
side of Fig. 4 for monitoring the pressure of annulus “A”. The sliding sleeve element

10 92 is linearly moveable to a second position shown at the left hand side of Fig. 4 for
monitoring the pressure of annulus “B”. In its second position the sliding sleeve also
establishes sealing engagement with the outwardly facing annular sealing surface 88
of the structure 86. The sliding sleeve is subject to movement hydraulically or by
injected pressure, by an electrically controlled actuator or by any other suitable

15 means. The sliding sleeve functions as a valve to control communication of a
pressure measurement port which is in communication with annuli “A” and “B”.

Referring now to Fig. 5, another aiternative embodiment of the present
invention is shown in conjunction with a schematic illustration of a well system
shown in section. The basic well system is substantially the same as presented in Fig.

20 1, thus like reference numerals appear for like components. The pressure monitoring

system for the well includes a conventional production annuius pressure monitoring

system as described above in connection with Fig. 1. A pressure sensing line 94,




_internediate casing 18 and thus comunicates w th annulus "C' foragqggbﬂm
the pressure thereof. A valve 102 is used to control conmmunication wt
“the annulyg e1fmep W th the pressure sensing or nonitor |inep@gudibiyspt her

- valves being closed so that the pressure of annulus "C' can be i1dentified
- separately fromthe other annuli of the 10 well head apparatus. Another |ine
or passage 104 penetrates the conductor pipe or its upper housing section
for pressure nonitoring access to the annulus "D'. A control valve 106
which is operated in conjunction with valves 96 and 102 enabl es the

annul us pressure of annulus "D' to be independently nonitored. It should be
borne in mnd that the annuli pressure nonitoring systemof Fig. 5 15 1is

of i nt r usiwictcinay be tagpassdgh Opietrates the predfifre oAiringThdEing @latie tis\anldy22
nonitoring the pressure of the variaous annuli "A", "B", "C" and "D', with

the pressyng BmniiiiatesSwith AnniRl "B "RR denlifgl thY ptditure WRVEH | ahe! Lty st em
shown and described in connection wth Fig: 1. Fig. 5 presents anot her
alternativ I t ' L.QF .20 thi wel |
and wel | h Mggeﬁﬁg@ﬁ%ﬁﬁ %cﬁg%ae?gl 315'{’]?638/91 y‘&n\}\%ay}é o] tﬁec Jimdﬁlgfsaﬁ‘%nﬁ&e
Illustratipn as.in the other. Figures. The basic well. system:i .

subst ant 1 dineys it s shmncited ith o pERvs Presgine monkiay in HBe AnstBrrlipe.or
nuneral s appear for |ike conponents. The 21 3.0 JUL 2004 - , WD 01/57360
PCT/ USBI / (@aBge 100 peratiates e pressurs gostainingnhpusing pad fhe wppes dousiag of the
conventional production annulus pressure nonitoring system as described
above i n dotereediatercasing hl 8iagd thuscdmsiunicates withi gruhi- ¥C” [for skasing e, only
the pressure containing housing 13 at the upper end of- the conductor pipe
12 i's pengireahRthédof AVEEEU0L iSRIditadotolCeomtiGhivsticH wiB IEaaithudusldB” whi ch
is controlled by a valve 110 for nonitoring the pressure of annulus "D',

with the pressure sensing or monitor line 98, with other valves being closed so that the

pressure of annulus “C” can be identified separately from the other annuli of the
10  wellhead apparatus. Another line or passage 104 penetrates the conductor pipe or its
upper housing section for pressure monitoring access to the annulus “D”. A control
valve 106 which is operated in conjunction with valves 96 and 102 enables the
anmulus pressure of annulus “D” to be independently monitored.
It should be borne in mind that the annuli pressure monitoring system of Fig. 5
15 is of intrusive character, though it provides a system for selectively monitoring the
pressure of the various annuli “A”, “B”, “C” and “D”, with the pressure of annulus
“A” being monitored by the conventional system shown and described in connection
with Fig. 1.
Fig. 5 presents another alternative embodiment of the present invention. In
20  this case the well and wellhead system is shown schematically by way of sectional
illustration as in the other Figures. The basic well system is substantially the same as

presented in Fig. 1, thus like reference numerals appear for like components. The

21




bet ween the housing. 13 and the surface casing 26. Pressure nDnitorinéUV”Hé§M -
- or passages 112 and 114 are located internally of the-outer pressure

cont ai ni nG¥ABUSTIMY 16 and are in comunication respectivel pyCowusei/asesul i

"B" and "C'. At their upper: ends, the annulus pressure nonitoring passages

112 and 114 are provided with 10 hydraulic couplers 116 and 118, enabling
coupling thereof with pressure nonitoring lines 120 and 122 respectively.

Val ves 124 and 126, which may be renotely controlled valves such as

sol enoi d val ves and controlled by the pressure nonitoring systemof a
production platformto permt selective detection of the pressure condition

of the annuli in _pressure co nicati on. W th the passages 112 and 114. The
val ves 15 R&™¥ HE%&OPSFIS &B%@Féﬁ?ﬁﬂgq‘?ﬁwqun}l prodyctiopngnngiuser

sui tabl e actuation system Annuli pressure nonitoring lines 128 and 130
are connecPEESUe MOMLORRE sYstepy assdescabedrabaviednicognedtiva with Figud amdoshiodinng f or
sel ective nonitoring of all of the annuli of the well and well head system

by sel ect i inFigerd-5olln diis cise, onlyi the pressurercohtainihgy Rusig 1het thauppeémd sfensi ng
lines. 20 In view of the foregoing it is evident that the present invention

i s one wel the csmdpétel pige MEﬁhﬁcﬂﬁwﬁyhhﬁe%@Mtﬁ%c?wzoﬁwabove

set forth, together with other objects and feature ent in

P ot i 2 i J8 T 0

I nvention | | oduced in_.other.s I fic forms w thout departing
fromits SB%EE& hg’g%ﬁﬁﬁ%?“‘gﬁ% gurfage; ?tsfrtgsg'Thtreﬁ’é%é‘iﬂm‘Sﬁﬂﬁd}q?é I s,
therefore, to be c%nsi dered as nerely illustrative and not restrictive, ,
the scope B#S¥es Llmand: Hishamsdocaied miemmally of the Gitempressuse pontainingdhousingn t he
f oregoi ng description, and all changes which come within

16 and are in communication respectively with annuli “B” and “C”. At their upper

ends, the annulus pressure monitoring passages 112 and 114 are provided with

10 hydraulic couplers 116 and 118, enabling coupling thereof with pressure monitoring
lines 120 and 122 respectively. Valves 124 and 126, which may be remotely
controlled valves such as solenoid valves and controlled by the pressure monitoring
system of a production platform to permit selective detection of the pressure condition
of the annuli in pressure communication with the passages 112 and 114. The valves

15  may be controlled electrically, hydraulically or by any other suitable actuation system.
Annuli pressure monitoring lines 128 an_d 130 arer -connected to the annuli pressure
monitoring line 44 thus providing for seleétive monitoring of all of the annuli of the
well and wellthead system by selective control of the various control valves of the
pressure sensing lines.

20 In view of the foregoing it is evident that the present invention is one well
adapted to attain ali of the objects and features hereinabove set forth, together with

other objects and features which are inherent in the apparatus disclosed herein.
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- the meaning and range of equival ence of the clainms are therefore iz mdgg;
to be enbraced therein. 23 3 0 JUL 2004 Cains 5 1. A nethod for :
moni t or i ngkof gikkskoPr essure with a plurality of annuli (A B, @cuseiesdse! | and
- wel | head apparatus (10), conprising: (a) providing a plurality of fluid
" pressure sensors (56,58,60) within the outer pressure containing section
(16)- of a well head each being | ocated for sensing fluid pressure within a
specific annulus (B,C,D); (b) locating a pressure sensor interrogation
system (62) for receiving 10 pressure responsive signals of said fluid
pressure sensors externally of said outer pressure containing section of
the well head; (c) selectively interrogating said fluid pressure sensors
causi ng sel ect efis will hejregdiby, apparentetgstbpse slolled i thet art,zthe ipgesent invention
representative of the fluid pressure within a selected annulus at the tine
of interragag ieasily B& pfaiuced ire bthen gpédcific formisdwithastsdeperting (frera dtst syittiver si gnal
by said pressure sensor interrogation system and (e) presenting the fluid

pressure rapdmaeehirabiéAstidsdMPhe pRSedt RebRAIhaR -is, 2therthifie, "Rt RO Eordderddbn 1.
conprising: 20 transmtting said sensor interrogation signals and said

(22, 16, 12)TeB BMFRERCERF hoP s, i SLf. 4Pt RAGAUR i ndiaily

5  the claims rather than the foregoing description, and all changes which come within

the meaning and range of equivalence of the claims are therefore intended to be

embraced therein.
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(a) locating said pressure sensor interrogation system (62) externaflyiaf
the outer pressure containing section (16) of the well head; and (b?

recei ving annul us pressure representative signals of said fluid pressure
sensors transmtted through the outer pressure containing section of the
wel | head. 30 4. The nethod of claim1, conprising: (a) locating said
pressure sensor interrogation system (62) wthin the outer pressure

contai ning section of the well head Gachsexternal ly of the annulus being
nonitored; and 24 3 0 JUL 2004 (b) receiving annul us pressure
representative signals of said fluid pressure sensors transmtted through
wel | head st r uct ur & nekefold forngoritoeingfiuid ptessurdreiting ploxatityt afmenhili (3,B,C,13) of

non-i nvasi ve annul i niygrin s%it@g1for nonitoring well paraneters within
the annuli (A B, CVD)2rvellngad apragius \1Qh CHBAE ™) st em (10), conprising: 10 15
20 (a) an puter pressure containing housing (16); (b) an annuli nonitoring

systemthat is subject to.inspection;.{c) a pluralit .ntelljigent well

data sensors (56, 58250)Praddine EB&F@’W%QE‘%@&SSFS S?I}‘?grsé%q‘lqul)éﬂ 1 tk‘gsent

\tM'ht hin ag_ ?_nnul ]ths (B, C, duler pressurd@niilihg sReibnwes) of e adiibesdlessh teing leartd havi ng
e capability for

for sensing fluid pressure within a specific annulus (B,C,D);
(b) locating a pressure sensor interrogation system (62} for receiving
10 pressure responsive signals of said fluid pressure sensors externally of
said outer pressure containing section of the wellhead,

(¢)  selectively interrogating said fluid pressure sensors causing selected
fluid pressure sensors to generate a signal representative of the fluid
pressure within a selected annulus at the time of interrogation;

15 (d) receiving the fluid pressure representative signal by said pressure
sensor interrogation system; and

(e) presenting the fluid pressure representative signal for inspection.

2. The method of claim 1, comprising:
20 transmitting said sensor interrogation signals and said pressure responsive

sensor signals through wellhead wall structure (22,16,12).

3. The method of claim 1, comprising:
(a) locating said pressure sensor interrogation system (62) externally of
25 the outer pressure containing section (16) of the wellhead; and
(b)  receiving annulus pressure representative signals of said fluid
pressure sensors transmitted through the outer pressure containing

section of the wellhead.

30 4. The method of claim 1, comprising:
(a) locating said pressure sensor interrogation system (62) within the outer
pressure containing section of the wellhead and externally of the

annulus being monitored; and
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transmtting data through well head structure (22,16,12); and (d) an
intelligent sensor interrogation system (62) for selectively ||ﬂeﬁ}%dgkﬂW6
said intelligent sensors and having the capability for transmtting
interrogation signals through well head structure and for receiving data
transmtted by said intelligent sensors, said intelligent sensor

I nterrogation system having data conmunication with said annuli pressure
nonitoring system 6. The non-invasive annuli nonitoring systemof claims5,

comprising: 25 30 (@) Sl mﬁhmsg@@uie%reﬁnﬁgféﬁgang%gw@ﬂa#agéﬁaﬂ@b' ity

for nonitoring fl pressure responsive si pre ting fluid
pressure responsi ve si grasdoss tfapsmittad heeugh wellhgad ptrechire defirting the gamduswel | dat a
sensors (56, 58, 60) havuﬁglggﬁm&ggablllty of sensing annul us pressure and
for transmtting fluid pressure related signals through said outer
pressure contalnlng housing to sald intelligent sensor interrogation

ertem (620 =18 K ShuShdyd o7t bAbaSEpRle bRAFLAASH RIS L1 |
JUL 2004 intelli ghabnnll(A BEDH oﬁembamd aﬂﬂwmﬂxymaml(t@)t comg)rsmgd fluid
pressure related signals to said annuli nonitoring system 5

(a) an outer pressure containing housing (16);

(b) an annuli monitoring system that is subject to inspection;

10 (c) a plurality of intelligent well data sensors (56,58,60) each being
exposed to the conditions present within an annulus (B,C,D) of
the well and wellhead system and each having the capability for
transmitting data through wellhead structure (22,16,12); and

(d) an intelligent sensor interrogation system (62) for selectively

15 interrogating said intelligent sensors and having the capability for
transmitting interrogation signals through wellhead structure and
for receiving data transmitted by said intelligent sensors, said
intelligent sensor interrogation system having data

communication with said annuli pressure monitoring system.

20
6. The non-invasive annuli monitoring system of claim 5, comprising:
(a) said annuli monitoring system having the capability for
monitoring fluid pressure responsive signals and for presenting
25 fluid pressure responsive signals for inspection;

(b) said intelligent well data sensors (56,58,60) having the capability
of sensing annulus pressure and for transmitting fluid pressure
related signals through said outer pressure
containing housing to said intelligent sensor interrogation

30 system (62); and
(c) said intelligent sensor interrogation system having the capability

of receiving fluid pressure related signals of said

25



7. The non-invasive annuli nonitoring system of claimb5, conprising:ngugzm&
intelligent sensor interrogation system (62) being |ocated externally of
sai d outer pressure containing housing (16) and having the capability for
transmtting sensor interrogation signals through said outer pressure
containing housing to said intelligent sensors (56,58,60). 10 8. The
non-invasi ve annuli nonitoring systemof claim5, conprising: said
intelligent sensor inter irm@tigdnt)weli;;iau smsqrS2)d doeimgichtimgpaeiiiuid ptessureal |y of

sai d outer pressure contai S 1 d.h V|n the capability for
transmtting sensor intep?%apggg %%F%nm$lp%ﬁP5ﬂ1 and wel | head
structure (22,16,12) to said intelligent sensors (56 58,60). 15 20 25 30
9. The non-inv S#@f annul i oreisure noni tori P temof. claim5 in which
the annuli TORg™eAFYe ain WP@’&WS@)O gl 'E?/ rAIPEY"®f strain gauges
(66, 68) beai ng flxed to S adidl inba)ligint sefido fiftétfoatiomrsyaem (62 bbiag kicamed ( 16) and
provi di ng pressure ed Si nals responsive to essure 'thin sel ected
annuli W thin s&ft ye sﬁf‘b""(‘, RECSSUTS FRMATHIERISNE ( %;a'édsiiﬂ qty of strain
nmeasur enent devi ggabifityfor @anshetingsehas aivatbgatvnlsgmaR thryughf safauter an out er

pressure containi ng housi ng and | pled with spective strain
gauges (66, 68) aRUSHERONRITiRgN %F‘E%E‘lfg@‘?t@ Se Syers %ﬁq%g representative of

pressure conditions within respective annuli; and

10 8. The non-invasive annuli monitoring system of claim 5, comprising:
said intelligent sensor interrogation system (62) being located
internally of said outer pressure containing housing (16) and having the capability
for transmitting sensor interrogation signals through well and wellhead structure
(22,16,12) to said intelligent sensors (56,58,60).
15
9. The non-invasive annuli pressure monitoring system of claim 5 in which the
annuli monitoring system comprises:

(a) a plurality of strain gauges (66,68) being fixed to said outer

pressure containing housing (16} and providing pressure
20 related signals responsive to pressure within selected annuli
within said pressure containing housing;

(b) a plurality of strain measurement devices (74,76) being located
externally of said an outer pressure containing housing and being
coupled with respective strain gauges (66,68) and

25 generating pressure responsive signals representative of pressure
conditions within respective annuli; and

(c) an annulus pressure monitoring system disposed in signal
receiving relation with said strain measurement devices and
having the capability of presenting said strain measurement

30 signals for inspection.

10. The non-invasive annuli pressure monitoring system of claim 9, comprising:
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(c) an annulus pressure nonitoring systemdi sposed in signal receiving
relation with said strain neasurenent devices and having the capabil iSthJlRfZ(}[M
presenting said strain neasurenent signals for inspection. 10. The

non-invasi ve annuli pressure nonitoring systemof claim9, conprising: 26 3

0 JUL 2004 said strain gauges being nounted to said outer pressure

contai ning housing (16) at |ocations substantially internedi ate the

| ocation of internal packers. 27

said strain gauges being mounted to said outer pressure containing housing

(16) at locations substantially intermediate the location of internal packers.

27





