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| NTELLI GENT UNDERWATER LEAK DETECTI ON SYSTEM
BACKGROUND OF THE | NVENTION 1. FI ELD OF THE | NVENTI ON
wab@opusgent invention is generally directed tBCT/H82008/073953
field of detecting | eaks from underwater systens, and,
nore particularly, to an intelligent underwater |eak
detection systemfor detecting | eaks from subsea
systens and structures. 2. DESCRI PTI ON OF THE RELATED
r [
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oil and gas from subsea wells. Due to environnental
regul atory and perhaps safety regulations, it is
inportant to Qe able tq readi de | eakage of
undesi rabl e SR o tens. For

exanpl e, the detection of |eaks of hydrocarbons or
1. hiﬂiﬁhﬁiﬂiﬂﬂﬂﬁﬂﬁ!ﬂﬂﬂ[ﬂﬂiother chemical s from such
underwat er systens is very inportant as it enhances
t Hée egnesenonmesntieh iangtnegpBy atitcotedl toeflel Geldnoly defecse heaks from
subsea systens, e.g., subsea hydrocarbon production

underfvagl | dybte@S, aMANhote phRicaMey, hava heang@plia¥ashtéOleak detection
attenpt to detect undesirable | eakage of material from

systerﬁ%&me%ééﬁﬁg?eaﬁé/%ﬁw%bséé%gst%é%’é% rudpired S known in the

prior art”“to enploy acoustic uor escence,
tenperature and gas based neasurenent systens to
detect such | eaks. Each of these | eak detection

met hods _have their strengths and weaknesses as it
2. ¢ WM@&&@MMH , while each of
these | eak detection nethods have applications where
There are many existing subsea production systems and structures that are employed

in the production of oil and gas from subsea wells. Due to environmental, regulatory and
perhaps safety regulations, it is important to be able to readily detect the leakage of
undesirable materials from such subsea systems. For example, the detection of leaks of
hydrocarbons or hydraulic fluid and/or other chemicals from such underwater systems is very
important as it enhances the environmental and operational efficiency of such subsea

systems, e.g., subsea hydrocarbon production facilities.

Many techniques have been employed to attempt to detect undesirable leakage of
material from such subsea systems. For example, it is known in the prior art to employ
acoustic, fluorescence, temperature and gas based measurement systems to detect such leaks.
Each of these leak detection methods have their strengths and weaknesses as it relates to
detecting leaks. In short, while each of these leak detection methods have applications where
they are acceptable, none of them are, individually, capable of efficiently detecting leaks in

all applications. In most cases, such leak detection systems are non-permanent in nature in
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they are acceptable, none of them are, individually,
capabl e of efficiently detecting |eaks in al

wa@ppbioesed ons. I n nost cases, such | eak detectPOIUS2008/073953
systens are non-pernmanent in nature inthat they are
typically used during periodic survey operations. In
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depiction of a prior art fluorescence point sensor
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flyorescence based systens typically only sense a . .
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sensors, such as those shown in, for exanple, UK
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4,178,512, do have a greater range. The limted
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production system bviously, deploying a | arge nunber

The limited sensing range of prior art fluorescence, temperature and gas based sensors
can be detrimental to the detection of leaking materials. For example, employing leak
detection sensors with such a limited range means that, in order to be detected, the plume of
leaking material has to actually reach such sensors before it can be detected. This means that
a very large number of permanent sensors of this nature would need to be employed to
effectively monitor an underwater production system. Obviously, deploying a large number
of permanent point-type sensors to effectively monitor a subsea facility would be very
expensive and would pose a number of practical problems relating to the deployment of such
sensors, as well as providing power and data communication with such sensors.

Additionally, such fluorescence sensors can, by definition, only detect leaking material that
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of permanent point-type sensors to effectively nonitor
a subsea facility would be very expensive and woul d
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depl oynent of such sensors, as well as providing power
and data conmmuni cati on with such sensors.
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Waters 5r detecting | eaking materials such as gas or water.
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limted range. The breakage or novenent of conponents
of a subsea facility, such as pipes, may provide
direct evidence of a |leak location or information on
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age or novenent can pDe VI Sua observed usi ng

vi deo caneras or . . . .
Temperagure SERSOrs 4130 may have a limited effective range, especially as it relates to the
detection of relatively small leaks. On the other hand, gas sensors can differentiate between

various leaking materials, but they typically have a very limited range.

The breakage or movement of components of a subsea facility, such as pipes, may
provide direct evidence of a leak location or information on potential future leak sites. In
some cases, such breakage or movement can be visually observed using video cameras or
other like devices. However, typically such visual inspection is accomplished via video
cameras during routine surveys, or, in a few instances, via permanently deployed subsea
camera systems. In both approaches, the detection of breakage or movement of subsea
components, such as pipes, relies on the observational skills of the camera operator. This
makes leak detection using systems that employ only such camera based observation highly

dependent on the skill, subjective judgment and diligence of the operators of such systems,
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ot her |ike devices. However, typically such visua
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concepts in a sinplified formas a prelude to the nore
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subsea | eak detection sensors and a | eak detection
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ural i sea ectl on sensor

.direct. . L
detallgci deesgrtlptlon that is discussed later.

In one illustrative embodiment, a subsea leak detection system is disclosed which
comprises a plurality of subsea leak detection sensors and a leak detection controller adapted
to receive leak detection data from the plurality of subsea leak detection sensors and direct
the sensing activities of the plurality of subsea leak detection sensors based upon the received

leak detection data.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:
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the sensing activities of the plurality of subsea |eak

detecti on sensors based upon the received | eak
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i nvention may be understood by reference to the

follomﬁng description taken in conjunction with the

?gﬁgi’é: %g’}{‘?ﬁglﬁ% emg emefr)](éﬁorll 0%31 Fﬁ&\f\ﬁ scence etection

|s a sinplified schenatlc depiction of a prlor art

%! uorescence detection device; Figure 2 is a schematic
depi ction of a subsea facility enpl oyi ng one
illustrative enbodi ment of the | eak detection system
descri bed herein; Figure 3 is a schematic depiction of
afriguird dstsr atschendtzallepdaicamctf ansubeges Grcilithamplayinpeone illustrative
enpl oyed to detect | eaks from subsea facilities, as
embodi@®at bbhe ldarideicdtionndicn geseabed hegeid; Schenati c
depiction of an illustrative | eak detection system
descri bed herein. Wile the subject matter disclosed
herein is susceptible to various nodifications and
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enbodi ments is not intended to limt the invention to

the particular fornms disclosed, but on the contrary,

the intention is to cover all nodifications,

e figuvaleintasschamdtiade@etiat bt es illakhiivigleak tdeteatidieystem described
spirit and scope of the invention as defined by

herein.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by

the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Various illustrative embodiments are described below. In the interest of clarity, not
all features of an actual implementation are described in this specification. It will of course
be appreciated that in the development of any such actual embodiment, numerous

implementation-specific decisions must be made to achieve the developers’ specific goals,
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t he appended cl ai ns. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Various illustrative enbodi nents are
walemaioused below. In the interest of clarity, POL/US2008/073953

features of an actual inplenentation are described in

this specification. It will of course be appreciated
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undertaking for those of ordinary skill in the art
having the benefit of this disclosure. The present
subject matter will now be described with reference to
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custonmary neani ng as understood by those skilled in
relevanhartaNo, speeial ¢afeniderdof ptepa driphrased-doya eadingticst bt is@efigent from
of the termor phrase herein. To the extent that a
the ortiary ard @hsrasey inseaninigendadets@oll dyeathasesyidbidah theam ingptended to
i.e., a meaning other than that understood by skilled

be imBliéd BARSnsi b usdeS BE @ledlerfri phrdse Aerdth. I TdBe OXRIM@ Y term or
set forth in the specification in a definitiona

phraséT?sr]ﬁll?ernfiE% ?c% hgs’erE? g;gelc%/a(l) ?f%?ﬁfﬁ%egyl Y é’ﬁuhn% (P[flé}vtjhgl? $hat Bfiderstood by

specl a Initi term or

skilled artisans, such a special definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special definition for the

term or phrase.

The present disclosure is directed to a system for detecting leakage of undesirable
materials, e.g., hydrocarbons, hydraulic fluid, chemicals, etc., from a subsea facility or
structure. Figure 2 is a schematic top view of portions of an illustrative subsea facility 100.
As depicted therein, the subsea facility 100 comprises a plurality of subsea components 22
that may have a plurality of interconnecting conduits 24, e.g., pipes, wherein fluids, such as

oil and gas, chemicals, etc., may flow between and among the various subsea components 22.

It should be understood that the system 100 depicted in Figure 2 is intended to be

representative in nature in that it may represent any type of subsea facility wherein it is
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The present disclosure is directed to a systemfor

detecting | eakage of undesirable materials, e.g.,
whyawoesebons, hydraulic fluid, chem cals, etcPCT/URNS/673953

subsea facility or structure. Figure 2 is a schematic

top view of portions of an illustrative subsea
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that the system 100 depicted in Figure 2 is intended
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represent any type of subsea facility wherein it

empldysd &s buchhl sibk@ faeilikyt 000. aRsl e, tHeilusteaikag@empbnents 22 may be
material fromthe system 100. For exanple, the
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production, drilling or storage facil

processmngS% S e%cZSar gllsld%s? lg/ﬁ %elieléggnggefc’itegog}éotesgfg?llie\rc}ieino%he art after a
of a yariety of different types of conpon t hat

complsis ieeReobIeaRpY By AR FHICBy LR PicseiigaeaPacHTY! If poigrplimited to use

For exanple, the illustrative conponents 22 nmay be a
with aghpesicnis tYpeed sysierpros duic tyipo of aempensints, of suddl dyxstem.
preventer (BOP), a punp, a conpressor, processing
systens, etc. Thus, as will be recognized by those
skilled in the art after a conplete reading of the

PARSEBvN AR eaLl MR, sybtB® W0eRAREr ddmyRRks @phahion! ot 184t detection
be limted to use Wlfyh any particular type of System

sensot%@@yﬁ/d I:éfﬁ)tg‘aso I}?h CafRQOGNES cgf‘oglﬁslréﬁ 83§ n‘aﬁE@S eléﬁ tﬁﬁ)@ QMensor that

ure e system1 er co

may gﬁer ol ty ddg? e%%% det eéaggn%%eﬁgm%gﬁo and %Z"%r 33,ydfcarbons,

sensor that may be e | oyed to det ect the | eakage of
chemigplgebydraiceflwds ot a|fr§m glegsysteﬁyép(bc diopswample, the plurahty of leak

detection sensors 30 shown in Figure 2 may be acoustic sensors, temperature sensors,
fluorescence sensors, gas sensors, imaging sensors, etc., or any combination of such sensors.
In one illustrative embodiment, a fluorescence sensor like that described in co-pending
application Serial No. 11/845,495, entitled “Fluorescence Measurement System for Detecting
Leaks From Subsea Systems and Structures,” may be employed with the system described
herein. That co-pending application is hereby incorporated by reference in its entirety. The
sensors 30 may be arranged in any combination so as to effectively monitor leaks from the

system 100.

The number and locations of the sensors 30 and cameras 32 depicted in Figure 2 is

provided by way of example only, as the sensors 30 and cameras 32 may be positioned at any
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chem cals, hydraulic fluids, etc., fromthe system
100. For exanple, the plurality of |eak detection
W@ emgo132B80 shown in Figure 2 may be acousti c BETES2088/073953
tenperature sensors, fluorescence sensors, gas
sensors, inmaging sensors, etc., or any conbination of
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conduct¥d. system 100. The nunber and | ocations of the

sensors 30 and caneras 32 depicted in Figure 2 is

provi ded by way of exanple only, as the sensors 30 and

caneras 32 may be positioned at anydesired | ocation
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the infsaef RUiRPY e hexging lagicamera 32 FeYibe pegnapeatly afixefdo some

nunber and positioning of the sensors 30 and caneras

portiog ftthe syt U0t Ha sepst appliqons.uibh letsaaf the skmeet Bcmiaprpe coated
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with amahtbfouling codting tedimiethe @bwdi 6f mnenitl, cacteasaalgystoanse lens. The
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. J 3 Wt .
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such as algae, on the l.ens. The
to remove partlcuﬁtegmafter or o%her debris, sucE as sand, from the lens.

In one illustrative embodiment, as shown in Figure 3, one or more of the leak
detection sensors 30 may be mounted on a pan and tilt scanning stage 40 to provide a means
to orient one or more of the leak detection sensors 30 toward various desired portions of the
system 100. The cameras 32 may also be mounted on such a pan and tilt scanning stage 40.
The design, structure and operation of such pan and tilt scanning stages 40 are well known to
those skilled in the art. In one particularly illustrative embodiment, all or a majority of the
leak detection sensors 30 and the cameras 32 are permanently mounted on various portions
22, 24 of the system 100, and the leak detection sensors 30 and cameras 32 are each mounted
on pan and tilt scanning stages 40. Moreover, by mounting the leak detection sensors 30
and/or cameras 32 on pan and tilt scanning stages 40, the true source of the leak may be more

readily detected. In some applications, depending upon the number and location of leak
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growt h of such material m ght adversely inpact the
ability of the canera 32 to performits intended
woeowessee Simlarly, the canmera 32 may be pr orCTES82008/073953
with a system such as a wiper, to renbve particul ate
matter or other debris, such as sand, fromthe |ens.
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stages 40 are well known to those skilled in the art.
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bl ock | evel depiction of an illustrative intelligent
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As schematically depicted in Figure 4, the leak detection controller 60 receives leak
detection sensor data 70 obtained by the plurality of leak detection sensors 30 associated with
the system 100 depicted in Figure 2. In the illustrative example described herein, the leak
detection sensors 30 may be acoustic based sensors, temperature based sensors, fluorescence
based sensors, gas based sensors, image sensors, etc. In further embodiments, the leak
detection controller 60 may also receive production data 80 that may be obtained by a variety
of known techniques, e.g., from a variety of known sensors employed to monitor various
aspects of production from the subsea facility 100 or production process modules. For
example, such production data may include the pressure within the system 100 or a

component 22, the flow rate of a fluid flowing through the system 100, the temperature of
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appl i cations, receive additional production data 80.

The system 200 may al so conpri se a dat abase 90 for
wa@t@piomg2@dat a and/ or output fromthe | eak det eRCT/UR2008/073953

controller 60. O course, the controller 60 depicted

in Figure 4 is representative in nature in that the

fluid %g\pﬁ}g tﬂ{)&ggper foﬁ{lp%%ﬂ By §ne.Jngak 24 ee{n%q}l% er?s?ﬂ&t({fq}lé Alid flowing

by one or nore con
0 read throughout a | arger conputer system

mﬂméh@@?ﬂg Jéﬁ the | eak detection controller 60 may be

a dedi cated resource that is used solely or primarily

for purposes of |eak detection. As schematically

depicted in Figure 4, the |leak detection controller 60

r dbeicvesollee &K haettlee tapahiligye s drangatigprd-@stoblished eehsing progocol for

plurality of |eak detection sensors 30 associated with

the pliRBHSSERIBLON BaRixehprR, the cohgolie 68.mdynmbdi€y the frequency of when
illustrative exanpl e descri bed herein, the |eak

any ofl §i@Gkh Qs §@@§95§n 3P ré;ﬁ%i/t He rééﬁﬁé‘ of b&ch%ﬁﬁﬁi GRS e Igs if initial

terrper ature based sen | uor escence ased senso

ensors ens r et fur
leak c%‘? ctlgn ?r%tr%t Lo ahsen or 1 xgle cdlive of ,%1318%1%1 ttfﬁ% 1 rollgb%B may. 1|ncrease the

receive roductlon 80 t hat e obt ai ned b a
frequ%v.aét\yhlgh I FROACY &eﬁ cifghien d@tagrom Rt pyrofIn another

known sensors enployed to nonitor various aspects of
example o conelldr rehnmnay enashifyserachfangs thiet gtabtighedr sepsing weatpem of other

process nodul es. For exanpl e, such production data nmay
sensorshit thedystehe e pr, efiscricn, Hiletjinnay t dveegytdt eamgdO6X @nsed variables, etc., to

conmponent 22, the flowrate of a fluid flow ng through

assist tilQo&¥ink afik 186kce tdfen fe@RPerat ediirodef byiHay hRW Iﬁ@dlfy such sensing
through a conponent 22 or a conduit 24, "and the

proto fl]ss GRS fidst l(ei%tehﬁg%ﬁén Had ﬂ# BWdﬂg%érr B&H% I:(g]ﬁ irth% Sthgtn?h%%oductlon

contro as the cap Ity to ange a
e- est.abl i .shed seggkqgngrotocol for

systenq 1s operating within accep

In one illustrative example, the system 200 may be employed to establish “baseline”
data for the leak detection sensors 30 in the system 100. This baseline data would be
established when the system 100 is operating under normal, approximately steady state
conditions. The production data 80 associated with such steady state conditions may also be
noted. Once established, the baseline data for each leak detection sensor 30 may be
employed to evaluate subsequent data received by a particular leak detection sensor 30 for
purposes of determining if the sensed data by the leak detection sensor 30 should be
interpreted as indicative of an actual leak or whether there is some other reason for the
particular leak detection sensor 30 providing data that varies from its baseline data. For
example, an acceptable level of variation between the baseline data and the actual sensed data

may be established. If the sensed data does not fall outside of this acceptable level, the
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the plurality of sensors 30. For exanple, the
controller 60 may nodify the frequency of when any of
w@ o/ 0sBpsors 30 performor report the resul t SPOf/US200$1073953
sensing activities, e.g., if initial |eak detection
data froma sensor is indicative of a |eak, the

systerﬁ 90b | glsigflorQQhéTPéﬁséJ]&z{tg @g} %Q?eaﬁ&?e?%%ﬁ %efSor .i EAl'l]teHatively, the

Feceiv eak detection romthe particula

S or. IL.n another. exanple, the controller 60 nma .
systery D s mpRATHIGECH HE Wt Hbf YeBh ey Qe A iy st BEEea thmonitoring
ot her sensors in the system e.g., direction,
of the pyegromeipd bic Bwpbubrdar sangeis 3@ for dagisesg tharseappredrequency of the
etc., to assist in locating the source of a | eak. The
particglensemedd Er. 60 may al so nodify such sensing protocols
after first determning that the production data 80
confirms that the production systemis operating
within acceptable limts. In one illustrative exanple,
t RE (1RY SleBMAP thd BN REdSNRKAAH ah céc@e'i)ttaﬁﬁ’é hsthoRBSALd, NRe system
data for the | eak detection sensors 30 in the system
200 mlan. keTPUI{% Ib z‘?c%eolnls e dnq”}rralll t‘ﬁ’%’t“é geap %ct%z%fl}g lé:))ldlstss ha%g/o\f\'ft]ecr:] &flhrgl that the
s§s?en1 RS operd%lng under “normal- “approxi na e?y
steady state conditigns. The production data 80 )
detectgd I iaeld™ ¥ Oho@E AT é%ﬁl}ﬂ%ff RiEETIS Asyfiey 20spay direct
be noted. Once established, the baseline data for each
that othenlealy defeetidrorenswn 6 be 802agag obmoaiipicd ye deteniay thiepgeeracy of the
subsequent data received by a particular |eak
sensedlelaeC tdported erysore patifdar prak pdaasioof sededreBOn rltrg fiefudnbe of the
sensed data by the | eak detection sensor 30 should be

samplir¥ R heleds@se lindbaad ioneth®fpapitudstseador |3k REl1MIebR@Aditional
there is some other reason for the particular |eak

sensoﬁtej‘ts()eagiid.scgn:ﬂ;l 0221@%?%1% Egr'ggﬁlgf/ idingdata that varies from

r exanple, an acceptable |evel of
vari ati on between the baseline data and the actua
sensed dat a

In another example, where the system 200 has the ability to control the direction of
the plurality of leak detection sensors 30 within the system, as is the case when the sensors 30
are located on a pan and tilt mechanism 40, the leak detection controller 60 may direct that
additional leak detection sensors 30 be directed toward the area or region of the system
covered by the reporting sensor 30. That is, the system 200 may direct that all sensors 30 in
the immediate vicinity of the reporting sensor 30 be directed toward the area covered by the
reporting sensor 30. The controller 60 may then analyze the data from these additional
sensors, e.g., relative decibel levels from several zone based sensors, in an effort to more
accurately determine the location of the leak. In other cases, fluorescence sensors 30 may be

directed toward the area or region of the system 100 in an effort to locate the leak.
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may be established. If the sensed data does not fal
outside of this acceptable | evel, thesystem 100 may
wo gwonesthe sensed data fromthe | eak detecti OPCHERR08/073953
30. Alternatively, the system 200 may sinply
categorize such an event as noteworthy and increase
t LI Qr f e
szlﬁ saéﬁ)? ﬂlﬁ%%cs)é&?nglr eglrége hlgleglfeifn&sél fr]{lglgf r e%lBg nc 31 %c{ ke ﬁl‘ﬂa analysis. to
..particul ar.sensor 30. .In the event that the sens
fa“htgté‘(t 18a1‘e§8t8%%°§“ aEO%E’éaémlgbeénf‘t AT ESRof§- AP %eﬂéoré’y%‘fllé fjetect a
may take further actions to confirmthat a | eak
secona%rv (Pl ol deak. agdmeiset dn ebaEKamplehwhen the lerkt datectign controller
leak is a result of sone other condition. For exanple,
60 redelmees slast Fom2@0h maisecindaigt effdedt leak detecti@akendat &&tthonontroller 60
sensors 30 be engaged or nonitored to determ ne the

may d&eUthacythef sehfids Se e didedyasehed tetlekimy mhkeiapard | fudrékence or
| eak detection sensor 30. The frequency of the

gas scHROR! b@glrécﬁé@to%}‘d AeSPebBr iMGE G361 Wt}féa&atté ﬁfﬁvﬁfed by the
sensor 30 as well as for additional sensors

acous?c Jsgr%'%pt T\?ﬁ\tﬁl cra 1{1‘%28@1’2808 ag.ltSIO %gabfa%engeefqts]s(éc)g%%a{y %frf‘ec?go?ta l%ak, eg., a
control t he dlrectlon of th lurali ,

localigegh WERPBNOSLHETIE 136 RITHI AT f}ﬁesng{ i%iq Oaghq %J‘ Jpq58t grdgonment.
when the sensors 30 are |located on a pan and tilt

Upon figci¢paion o Aok frove sidaktegweseure 6ensedald., rﬂm ¢atrofer pragpay direct that
direct that additional |eak detection sensors 30 be

additidnal eedseds I0owamnel witheli@eteanang cggbiity 6fr thdiealsiyig heatarial, be directed
covered by the reporting sensor 30. That is, the

to the SYE 61 BB FiPhe tpotle kehdbradlrk s&RBSF.S 30 in the
i mredi ate vicinity of the reporting sensor 30 be
directed toward the area covered by the reporting
sensor 30. The controller 60 may then anal yze the data

RS0 SR 3By Gl S R JEFLRE 90 o

to nore
course of performing leak detection analysis. For example, upon receipt of sensor data 70

indicating or suggesting that a leak may have been detected, the controller 60 may monitor
the most recent production data and/or direct acquisition of production data to determine
what impact, if any, the status of the production facility may have on the reading obtained by
the reporting leak detection sensor 30. For example, if the production data reflects that the
system 100 is operating in a non-steady state or upset condition, the system 200 may ignore
the data received by the reporting leak detection sensor 30, or at least indicate to a human
operator that the data from the reporting leak detection sensor 30 may be based, at least in
part, on the non-steady state operating condition of the system 100 as reflected by the

production data.
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accurately determne the location of the leak. In
ot her cases, fluorescence sensors 30 nay be directed
W0 oa0aogk3ethe area or region of the system 100 i PCEHIS2008/073953
effort to locate the | eak.ln another aspect, the
present invention may enploy a hierarchical analysis

t % E?ﬁ:dré 's]%é%%f?c, éxgigﬁ)lljéj %ee&)tn'n%ﬂer &p{nag fﬁg[@g&? BEot%ﬁg@on data associated

Sensors, stic sensors, O
ary.effect

secon the |l eak, e.g.., noise..ln one

when G R0 BRlelTL A5he 3 sttt okt i sERU 6 2 GSeiceted allowable
recei ves data fromsuch a "secondary effect" |eak )

range gidethereipre dedisyivead a leple Wi thel YetemsDhaagr rupen aprpaplysis of
ot her sensors 30 that directly sense the | eaking

such mégrevaiiah, over gme, fHeumnesian@emoy bgablestenidantsy obeuggest a potential
directed toward the area of interest as reflected by

cause tofi@n g @tRciet avikd e Fob ¥xihifle AHQUSE itifat SEMSDEscel@MPAL adtedtidn sensor
sensors al so may sense a secondary effect of a | eak

30 in&ic&tes a‘r-'lez{k?%ﬁhitﬁﬁdth.é ﬁ?@s@tﬁ%ewi@ﬁin dge @fﬁ‘é‘ﬁ‘ liOG i@ el it RS normal
th ron on

e system 100 or the adjacent env nment .

orersy bERLHETy b f LA T DR B Rg R 1 responc
sensors 30, some with direct sensing capabjlity for

the C%H@ﬁ?re@mmg repRfidpatdhe a@%W%hi? 8RYRING eIWE pleigp gkstem 100 needs to
covered by the reporting tenperature sensor 30. In

be deegpased and/pr thas thegrripaneas ex:1 flangheassorinied Wity the @ipigg and/or pump,
anal yze production data 90 in the course of performng

needsltedie abd¢ ecbetan waitdatandi the pkosurexamptimes wpmnatr @ckicpmpofients. Of
sensor data 70 indicating or suggesting that a | eak

coursdTEHniiY Bitd? €81t ofl of BC b€ Gequiile@ t6 ARANeOtihATdebRidHB it Rdsp8dt to what
the nost recent production data and/or direct

corre&lggla{bédnts!a?@toq;e 16! IQzH{CeB' on data to determ .”e what L

I mpact, if any, the status of the production facility
may have on the readi ng obtained by the reporting |eak
detection sensor 30. For exanple, if the production
data reflects that the system 100 is operating in a
ndhal cagd\pbetatpon recgis of dagratlegtivg orisHagesiing adsakom the system
may i gnore

100, theycon‘goller 60 may direct that one or more cameras 32 within the system 100 be

directed toward the area or region of the system 100 that is under investigation.

The controller 60 may employ any of a variety of known computer modelling
techniques to facilitate the analysis described here. The exact configuration and parameters
of such models may depend upon the particular application and the desired monitoring

capabilities of the system 100.

In the illustrated embodiment, the controller 60 is a computer programmed with soft-
ware to implement the functions described herein. Moreover, the functions described for the

controller 60 may be performed by one or more controllers spread throughout a computer

13



10

15

20

25

the data received by the reporting | eak detection
sensor 30, or at |east indicate to a human operator
W b@b/0833e0 data fromthe reporting | eak detect i POT/E82088073953
30 may be based, at least in part, on the non-steady
state operating condition of the system 100 as
et i f
systerﬁ "[lhgq:toﬁﬁl 1Ee con?f B? qusgng%pmn%?/aeﬁééeé O?Hqﬁ{fregfggt%nodﬁl% or more of
ta assocr t ed en a I detectr n se
comp]:,jeé ﬁBF]rPEteé SYySlgie HRweversd st?eaaé)pgp edp‘r?ye 8Fe %qg %rgmary skill in the
al | owabl e range, and therefore i ndi cative of a |eak
art, a hgrdwpse qoRBolsy Slesignadnio impleskeat thsdgrtiay s Aucyions mgy alsg ok used.
i nformation, over tine, the controller 60 nay be able
to identify or suggest a potential cause of any
detected | eaks. For exanple, assune that a
f IPuaros cgn@e iheakiod eindcédrelRpsitsddeBiled AGiEREIOS a@e presented in
| eak, and that the pressure within the system 100 is

terms hdfg{b?trwatr@a& éltg§nt'ﬂﬁ{sn§ﬂd QRS AL FABreRERIIH Cof erﬁib%@ diNdata bits

e upper end of an all owabl e operating ran

onse, the controller may. report that
withir] fll S V\IgBF é néeéneorrg,[ i nhé:s% Fiféssc’:gl E pHons; ndtlig': resent tlons 136?)%}166(31 by which

dec ase and/ at the nent
those P?&ffgl&ryaﬁ O S &df silerive REOBY i fﬁs ‘E%%F Oéalrrrsr Widepsothers of
~to be able to better mﬁthstand‘the(fressure sonet i mes
ordinargekillan thaah dormpamisimsas the tasauis secd hajereandian titas weask gepparally, is
will be required to make final decisions with respect
concetvedwb &t acelfreeatistest sequiénensf ateps teading tondiesirakerult.| The steps are
al | cases above, upon receipt of data reflecting or

those $&EIERSE piGical maAlpulafiohNSr SHsicaNydPticd. NEsEPRL MOLAIEhotBfcessar-

may d|rect that one or nore caneras 32 within the

ily, th%%é&&%&@gotagg 8{% oﬁﬁto?%phgs}ggélgcthgﬁ &f ﬁgflgﬁ)ertlc s?#lﬁﬁrl:aggble of being

e syst em i nvesti gatl
storedc ot r? :Tézgg}qqr?%ig crg%lpa}‘/edanz}/n Ofothaerv\éggl r%taleufatela O has proven

convenient at times, principally for reasons of common usage, to refer to these signals as bits,

values, elements, symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise, or as is apparent from the discus-
sion, terms such as “processing” or “computing” or ‘“calculating” or “determining” or
“displaying” or the like, refer to the actions and processes of a computer system, or similar
electronic computing device, that manipulates and transforms data represented as physical,
electronic quantities within the computer system’s registers and memories into other data
similarly represented as physical quantities within the computer system memories or registers

or other such information storage, transmission or display devices.
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techniques to facilitate the anal ysis described here.

The exact configuration and paraneters of such nodels
woreyodesend upon the particul ar applicati on anpCT/H82008/073953

desired nonitoring capabilities of the system 100. In

the illustrated enbodi nent, the controller 60 is a

lebtaﬁfcuﬁ)ar o&ﬁt?o{ﬁﬁﬁ%t#dﬁ@lo%@é %/Bg\@er Sret iﬂu%t@fv?r@l . ds"e invention

functi ons desc ereln. reover, uncti ons

descr.i.bed for t.he co ol | er. 60. be perforned b .
may b&ﬁ@oé}fleﬁﬁpi pléaghfeidollnl cgf_trgregbﬁétae&u{\ﬁf%h BWBE IS gpparent to ¥hose skilled
) conputersystem The controller 60 nay be a stand-al one
in thegah faving the bppefiy theslspehdngsrhessie 5pr erplofthe Bipgesssteps set forth

conmput er systens. However, as will be appreciated by
abovet agebofpedpdnethany s Kiffdrentnoridhe oarthe arioas dwarpenents stacked and

control |l er designed to inplenent the particular

assernibldGh idiffigei@pnabsatibe. Useternfae! hongit@fiodshee ineIsl it®he details
and correspondi ng detailed description are presented

of corils‘@rutzﬁ(gﬁr Qés_igcipfléféﬁir Showdl oﬁ{eg%aint ztkn&eséiri‘lgedsﬁflr@ﬂelc%sﬁms below. It is

representations of operations on data bits within a

theref?)rgepl?ﬁfgcéegl[n %hgﬁﬂg:r Sﬂgrgga?t%egggﬁmge@sgé}lsc\%ﬂslseg %B?Y]eo%l%y ‘8? altered or modified
dinary skill in the art effectively convey the , ,

and g, budlh oS AR CORBIROG 0" RS S0Py N it i fhe jnyention.

the art. An algorithm as the termis used here, and
Accorgangly, thesprgtestonyequghblhdrein is 8s sebhdi dle ¢lainsebedow.

sel f-consi stent sequence of steps |eading to a desired

result. The steps are those requiring physica

mani pul ati ons of physical quantities. Usually, though

not necessar ily, these quantities take the form of

optical, electrical, or magnetic signals capabl e of

bei ng stored, transferred, conbined, conpared, and

ot herwi se mani pul ated. It has proven conveni ent at

times, principally for reasons of conmon usage, to

refer to these signals as bits, values, elenents,

synbol s, characters, terns, nunbers, or the |ike.
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It should be borne in m nd, however, that all of these
and simlar terns are to be associated with the
wapmoogmse@at e physical quantities and are mer el RCT/US2008/073953
convenient | abels applied to these quantities. Unless
specifically stated otherwse, or as is apparent from

t he di scussion, terns suc@Lngspr ocessi ng" or

“conputing” or "calcul ati det erm ni ng" or

] Lpg~ or the like, refer to the actions and
VVHAHEE%@E@& ‘a conputer system or sinilar electronic

conputi ng device, that mani pul ates and transforns data

represented as physical, electronic quantities within

the conputer system s registers and nenories into

otther datvhsesi lnil datégrionspstesesrinelisage: physi cal

guantities within the conputer system nenories or

I a@iEhiedySf efibsed ak dswetion sehesrsmindon st or age,

transm ssion or display devices. The particul ar

eqhogh eRtisn bRRJIRE Q@aﬁ%&ﬂ‘é Ge@ivR 1bdN &bct@crtl%h'd\é% f%ﬁlXald%ﬁurahty of

the i nvention nmay and practi ced

di fferent eqii val ent mann arent t tho
Sk | Tegs? s AL g TRAR S R enS%ngt%:%V Ve ER g pturelity

her ei n. r e t he roces ste set f above
may be°p e?qsa ﬁélang?tﬁctancﬁe?& rﬂcewe {F&P dgfgstion data.

conmponent s stacked and assenbled |n dlfferent
configurations. Furthernore, no |imtations are

intended to the details of construction or design

hér ei n Thbowtemodthanint hawhasidesd rliedkedetedtidnhe@ntiodemn® adapted to
below. It is therefore evident that the particul ar

receiv@ PROiciBM tigta dé g%@dhﬁ% BFeratisly 6f M sQefadllityehediteed 'B? dhitiippehality of

and all such variations are considered within

kmkd§&9g81§9g1§plrlt of the invention. Accordingly, the
rotection sought herein is as set forth in the clains

beIom1CLAINB VWHAT IS CLAIMED: 1. A subsea | eak
detection system conpri sing:

3. The system of claim 1, further comprising at least one camera that may be
directed by said leak detection controller to observe a particular region based upon said

received leak detection data.

4. The system of claim 1, further comprising a database for storing said leak

detection data received from said plurality of leak detection sensors.
5. The system of claim 1, wherein said controller is adapted to compare leak

detection data received from at least one of said plurality of sensors to a baseline established

for said at least one of said plurality of leak detection sensors.
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a plurality of subsea | eak detection sensors; and a

| eak detection controller adapted to receive |eak
waledogotizen data fromsaid plurality of subsea PERKS2008/073953

detection sensors and direct the sensing activities of

said plurality of subsea |eak detection sensors based

ugon S%Q f%\%ﬁ che@la nf é}k aﬂﬂ%éezrﬁts%lgncogﬁgﬂer \T/];E?%?%% eﬁljeeemabhshed

claim erelin saif tection co

adapt ed t recei ve productjon data re rd| tion
sensir P G0Hs Ba FRr I FOpEISERRR B0k P ar RPypiaf préselected
| eak detection sensors. 3. The systemof claim]1,
allowghle fawge- conprising at | east one camera that may be
directed by said | eak detection controller to observe
a particular region based upon said received | eak
detection data. 4. The systemof claim1, further
canpri ghagysefadiadlame 2f Ghefdi®khidGonabler @ak cligChie@Rtablished
data received fromsaid plurality of |eak detection
sensir%e &%&ls - saTch @eﬁ&ﬁeﬁh@fde@cﬁbﬂnsénsom{aeis oS@idd of a é)reselected
troller Is adapte to conpare | eak detection dat
ceived from at | east .one .of. sal raI|t of
allowgie Fanke "‘?é s4d B%?sdélfu ne“i"‘és,%sa‘1%')1 H?‘gr SRt | east
one of said plurality of Ieak detectlon sensors. 6. The
systemof claiml1l, wherein said controller nmay change
pre-established sensing protocols if said received
| 8ak ddhecsyiton of chgorl, diceein said lgaki dgeecopn goprdlss| upenagceipt of
al l omabl e range. 7. The system of claim2, wherein
leak degeictorc dath iali¢aeive why |edhafnge apy ef edd abiralghef lakristeatdon sensors, is
protocols if said received | eak detecti on sensor data

adaptéBStoMbcet Sele ofle RABEEHAGERGr of said plurality of subsea sensors to perform

sensing activities to detect the source of said leak.

0. A subsea leak detection system, comprising:

a plurality of subsea leak detection sensors;

a leak detection controller adapted to receive leak detection data from said plurality of
subsea leak detection sensors and direct the sensing activities of said plurality
of subsea leak detection sensors based upon said received leak detection data,
wherein said leak detection controller is adapted to receive production data
regarding operation of a subsea facility monitored by said plurality of leak
detection sensors; and

at least one camera that may be directed by said leak detection controller to observe a

particular region based upon said received leak detection data.
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al | omabl e range and said production data is within an

al | owabl e range. 8. The systemof claim1l, wherein
wa@adod/oksak detection controller, upon recei pt PET/USZKS/073953

detection data indicative of a |leak fromany of said

plurality of |eak detection sensors, is adapted to

dilb.e ct T;% sgftglzit %foagm?@d'fﬁllﬂ%? acJomgsZ{gﬁ%ra (afataﬁﬂiegfé)r storing said leak

plurality ubsea sensors to rmsens

activities detect the squrce of. said | eak. 9. A
dereelabiter el Foboeiiom-Lhe I Esor Sphgr-a bl ur al i ty

of subsea | eak detection sensors; a | eak detection

controll er adapted to receive | eak detection data from

said plurality of subsea | eak detection sensors and

dill ect Thheysemsoingase 9 wheres seifl camirdlled isr@lapteg tof compare leak

subsea | eak detection sensors based upon said received

detecti@datdl aiceictd nt@atiaast WhebLidld prirdlit) @ kerdetsas taitakeline established
controller is adapted to receive production data

for sald@R 8 S ARSI ARyAr 12KHRI B Sdsblsi ty moni tored by
sald plurality of |éak detection sensors; and at | east

one canera that nay be directed by said | eak detection
controller to observe a particular region based upon

said received | eak detection data.10. The system of ,
i3 m Ghe sytipRes éalﬁrb% Sihatrin sydt QPHERert BRY @a}aen@re-estabhshed
said | eak detection data received fromsaid plurality
sensingf progegelsdit sadd irensivwdnisal sletegtion Thrsos ylataetn oftside aifny Preselected
wherein said controller is adapted to conpare | eak
allowaldt emiceon data received fromat |east one of said
plurality of sensors to a baseline established for
said at |east one of said plurality of |eak detection
sensors.

13. The system of claim 9, wherein said controller may change pre-established
sensing protocols if said received leak detection sensor data is outside of a preselected

allowable range and said production data is within an allowable range.

14. The system of claim 9, wherein said leak detection controller, upon receipt of
leak detection data indicative of a leak from any of said plurality of leak detection sensors, is
adapted to direct at least one additional sensor of said plurality of subsea sensors to perform

sensing activities to detect the source of said leak.

15. A subsea leak detection system, comprising:

a plurality of subsea leak detection sensors; and

a leak detection controller adapted to receive leak detection data from said plurality of
subsea leak detection sensors and direct the sensing activities of said plurality

of subsea leak detection sensors based upon said received leak detection data,
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12. The systemof claim9, wherein said controller may
change pre-established sensing protocols if said

WO e@eiovsado | eak detection sensor data is outsi deCDUSH08/073953
presel ected all owabl e range. 13. The system of claim
9, wherein said controller may change pre-established

sensin &@{e‘?ﬁ gl 14 E%P?A&i?l %o?%r%ﬁelgrgﬁec f g%ddtl%t@g&%?groduction data

sensor als OU

range and ald roduct.i on dat iiS Within l.0 b.e

Fange. okading SoBHRRL AT arouerdh Frelty fhvsiiared By S HBRIE) of leak

detection controller, upon recei pt of |eak detectlon

dat a i deficetian teasyp and |vehgrein saidh laplky defectily epnyiollesa (uppy receipt of

of | eak detection sensors, is adapted to direct at

| east Gmé dudelition chedl istosioe oifa $sakdrghuangl off yaidfplurality of leak

subsea sensors to performsensing activities to detect

t he sodeeeid sengbid, isezﬂiﬁ tedSo drestiBSRAstl @RKadlRi®al k@Ror of said

system conpri sing: Furality of subsea | eak

det ect gﬁﬂalﬁ 138 Qibkea %Héioﬁ th ?éllfoﬁi@ge%%fn 0&@‘[191?1% foocllét&”c the source of

adapt e ecel ve | eak detection fromsa

pluralg%r & subsea | eak detection sensors and dlrect

t he senS|ng activities of said plurality of subsea

| eak detection sensors based upon said received | eak

detection data,wherein said | eak detection controller

i's ada%;ed to receive production data regarding

opér at ITbp spftem oyl deithert gompisingortddashpne ghera that may be

plurality of |eak detection sensors and wherein said
directtedly et dki drtectiontdoatrbidr, touploservees gapicubd regiak based upon said

detection data indicative of a leak fromany of said

receiviell Wagldete¥ti®f ddtgak detection sensors, is adapted to
direct at | east one additional sensor of said

17. The system of claim 15, further comprising a database for storing said leak

detection data received from said plurality of leak detection sensors.

18. The system of claim 15, wherein said controller is adapted to compare leak
detection data received from at least one of said plurality of sensors to a baseline established

for said at least one of said plurality of leak detection sensors.
19. The system of claim 15, wherein said controller may change pre-established

sensing protocols if said received leak detection sensor data is outside of a preselected

allowable range.
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plurality of subsea sensors to perform sensing
activities to detect the source of said | eak. 16. The
wayabemsed claim 15, further conprising at | eaBCT/ORM08/073953
canera that may be directed by said | eak detection
controller to observe a particular regi on based upon
dr [ I e f
oo m 190 Sf cepra B AR ak corkbner By R TR stablished
aid le k det ction data received fromsaid plur
sensingy PRRASARTAL SR i Cnictf Seteegon TruobfBloah oy Op afted csclected
wher ei n sald controller is adapted to conpare | eak
allowgfde gxer apd trad aradeeéande Prothinen plesibleRagef said
plurality of sensors to a baseline established for
said at |east one of said plurality of |eak detection
sensors. 19. The system of claim 15, wherein said
5 camt r olAl @bsdmYalchangionRyfe@staprissiped sensi ng
protocols if said received | eak detection sensor data
3 g?lé&l%ﬂg%% s%se@l&k%ééht@&{ &dsal] owabl e range. 20. The

f claim15, wherein sai d controller may change
pr |she nsi nr ot ocol s i ved .
a? A& ocfe efec 1 i corﬂro‘cﬂ%r ada %: tQ TeceIve 1{3a %etec n da{3 Tom saldtphgahty of

| 8ak i On sensor a preselec
allomable r e and said uct data is within an

al | onafyRsed ?ﬁ%géietestion snsoib el drrsaiktﬂaé?r@trrg. 35HVEiFs Pefgid plurality
conpri si ng: plurality of subsea |eak detection

sensor §f SIabSbfekﬂak detceeeri samnsers based| upen saidapeaded lgak detection data,
receive | eak detection data fromsaid plurality of
10 subseawliheslin deileletk aetestns epstraied, dpore edceiphefsleslsidagetion data
activities of said plurality
indicative of a leak from any of said plurality of leak detection sensors, is
adapted to direct at least one additional sensor of said plurality of subsea
sensors to perform sensing activities to detect the source of said leak; and

at least one camera that may be directed by said leak detection controller to observe a

15 particular region based upon said received leak detection data.

22. The system of claim 21, further comprising a database for storing said leak

detection data received from said plurality of leak detection sensors.

20 23. The system of claim 21, wherein said controller is adapted to compare leak

detection data received from at least one of said plurality of sensors to a baseline established

for said at least one of said plurality of leak detection sensors.
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of subsea | eak detection sensors based upon said
recei ved | eak detection data, wherein said | eak
waleaeosizen controll er, upon receipt of | eak deP€rUSIING/073953
data indicative of a |leak fromany of said plurality
of | eak detection sensors, is adapted to direct at
! 83st qie sggg[htdfocﬁ]ﬂhl ?F %ﬁé‘reiﬁfsaﬁﬁ&&lt&hl&r ?‘Jagtc%fngge d%re—esiiablished
t Ies tec

subsea sensors to per orm sensi ng activi

.the source of ;said | eak: and.at |east one canera that
sensifg BBl floRhgt 5y L aek | BRI e RRET SHUCONTBHRF aif § resclected

observe a particul ar regi on based upon said received
allowphlgKanget ecti on data. 22. The system of claim 21,

further conprising a database for storing said | eak

detection data received fromsaid plurality of |eak

detection sensors. 23. The systemof claim21, wherein

sabd camersdtbarofi Gaigdaptwkbréia aR@@LOlkeaky ddheet poRstablished

data received fromat |east one of said plurality of

sensir%e RS i @aicp Q‘§c%weﬁele§1§ td%@c{i&h %Einsfop rda%aisd o@tgidl: &Fsi preselected
ne of said plurality of |eak detection sensors. 24.

allowz;r‘tﬂg rat gtar%n sacfcfi Fqlb ALED nzc% ta 1V§'h WGEh In %ﬁé\gab(iopz}ni[g?.l ! er nay

change pre-established sensing protocols sai d
recei ved | eak detection sensor data is outside of a
presel ected al |l owabl e range. 25. The system of claim
21, wherein said controller may change pre-established
sensing protocols if said received | eak detection
sensor data is outside of a preselected all owabl e
range and said production data is within an all owabl e
range.
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