WO 20091042320PCT/US2008/073953 INTELLIGENT UNDERWATER LEAK DETECTION SYSTEM
BACKGROUND OF THE INVENTION 51.FIELD OF THE INVENTION The present invention is
generally diN&téeP4AE4%ield of detecting leaks from underwater systems, &i¢d/Hr3Pe8@aeedlarly, to an
intelligent underwater leak detection system for detecting leaks from subsea systems and structures.
102.DESCRIPTION OF THE RELATED ART There are many existing subsea production systems
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10 2. DESCRIPTION OF THE RELATED ART

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

15 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

20 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

25 all applications. In most cases, such leak detection systems are non-permanent in nature in



WO 20091042320PCT/US2008/073953 that they are typically used during periodic survey operations.
In some cases, however,such systems were permanently positioned subsea adjacent the subsea
system beiny MAE#2e2The majority of underwater fluorescence, temperaRrE ERE0§43388Asors used
for leak 5 detection have a very small or limited field of sensing capability. That is, they are essentially
point sensors. In the case of temperature and gas sensors, such devices are typically only capable of
making ntieishesraeentgpataihe wedi dhsogging devissySoarefitiorss dencensesisoss havevstightdh greater
range than temperature or gas sensors, but it is still very limited. For example, Figure 1 is a schematic
depictionspftamsiviearpiitvpasotgepomedendoraedjioe 1iChDsubitbas yaemndmialg seersingefleld depicted
by the circle 12, e.g., approximately 2 cm. Thus, such fluorescence based systems typically only sense
a relatively small volume of water. Other fluorescence sensors, such as those shown in, for example,
UK patent application GB 2405467 and US patent No. 4,178,512, do have a greater range. 15The
limited sensing fgagppHophrigovetee Hueraaensssdumpandigad b assdserrsoresednd ddtrimental
to the detection of leaking materials. For example, employing leak detection sensors with such a
litnited radriecHTaRy thayciry sraell f badeddetkiotnensineenpibditivind mabterieyasetessaittially reach
such sensors before it can be detected. This means that a very large number of permanent sensors of
this natuiibsfiiesad to Bie @ansiofddpaatusfaagvens Heonft: archrifeigrsterpipisetisrosistem.
Obviously, deploying a large number of permanent point-type sensors to effectively monitor a subsea
facility weahgiie obmpakipensprsupicituld gissacipupabensidsiaeticabprsbitinsesetagngeosiie
deployment of such sensors, as well as providing power and data communication with such sensors.
AdditiondIRyestleghfliicgexséaints ge et SeapeiBip g fihigitin SOy ddcttiéakidy yaatdiaitadat For

example, Figure 1 is a schematic depiction of a prior art fluorescence point sensor device 10
10 with a very small sensing field depicted by the circle 12, e.g., approximately 2 cm. Thus,
such fluorescence based systems typically only sense a relatively small volume of water.
Other fluorescence sensors, such as those shown in, for example, UK patent application GB

2405467 and US patent No. 4,178,512, do have a greater range.

15 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

20 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



WO 20091042320PCT/US2008/073953 fluoresces, thus making such sensors ineffective for detecting
leaking materials such as gas or water. On the other hand, acoustic based leak detection devices are
capable of d¥feetYP433R%Nks in a larger area via the noise that may be prodfcEYB)1%{81él leaking
from the underwater structures. However, such acoustic system only detect a secondary effect of the
leak, i.e., noise. The performance capability of such acoustic systems may be severely restricted in
noisy enviromesegsishSuoilkiogusish systernsnaféegermefalldatettuigéckipeuiseabcateh tireggswice of the
leak. Moreover, the acoustic based systems are unable to IDdifferentiate between leaking materials.
Temperata€sensors are likewise not able to differentiate between leaking materials. Temperature
sensors also 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 15various leaking materials, but
they typically have a very limited range. The breakage or movement of components of a subsea
facility, such as @ipéke rpdyphoviieadivetieitedclealf ddteak docdtioncsrardarapablsnabrdptsesnitial future
leak sites. in some cases, such breakage or movement can be visually observed using video cameras
o? other llkekdewicedatgeneaigar vigpibalijosiecithals iayinep aetdvcrsaby ongitishkdeotangdeorsaferas
during routine surveys, or, in a few instances, via permanently deployed subsea camera systems. In
both approdereatethirdeterctorfoMreakapecicavstiemetie v gl sieieebmpvadesy siitts el glises, relies
on the observational skills of the camera operator. This makes leak detection using systems that
employ deRKsuich diviera basarbdbsapnstiorrPiGHNY2 S spehdsateiictisssiils sudyebtveejigag)thent and

diligence of the operators of such systems, WO 20091042320PCT/US2008/073953
restricted in noisy environments. Such acoustic systems are generally not able to precisely

locate the source of the leak. Moreover, the acoustic based systems are unable to

10 differentiate between leaking materials.

Temperature sensors are likewise not able to differentiate between leaking materials.
Temperature sensors also 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

15 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

20 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

25 dependent on the skill, subjective judgment and diligence of the operators of such systems,



and generally makes them less desirable for long-term, continuous monitoring of subsea facilities to

detect leaks. The present invention is directed to various devices and methods for solving, or
at Sleast redVRIAYHEBAGCts of, some or all of the aforementioned problemBCEUMMXKYEF THE
INVENTION The following presents a simplified summary of the disclosed subject matter in order

to provide a basic understanding of some aspects of the subject matter disclosed herein. This ID
summaryaisi nggrenadyhemaktivetwre ridewdsh itab e chndiogytdisel eset hersinmiig motgneé rrdseto identify
key or critical elements of the invention or to delineate the scope of the invention. Its sole purpose is to
present Joankticoeaistsdnleakimplified form as a prelude to the more detailed description that is
discussed later. 15In 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 phaligsaitsulysatidedk duastiibtosetisons dagees upsnitisthasseioeddbargdetestion data.
20 BRIEF DESCRIPTION OF THE DRAWINGS The invention may be understood by reference to
tle followagt dedegipgidhetefteerirbonjunctioh witherdaeashipaegdirgediemsngs, in which like reference

numerals identify like elements, and in which:

SUMMARY OF THE INVENTION

The following presents a simplified summary of the disclosed subject matter in order

to provide a basic understanding of some aspects of the subject matter disclosed herein. This

10 summary is not an exhaustive overview of the technology disclosed herein. It is not intended
to identify key or critical elements of the invention or to delineate the scope of the invention.

Its sole purpose is to present some concepts in a simplified form as a prelude to the more

detailed description that is discussed later.

15 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.

20
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:
25



25 WO 20091042320PCT/US2008/073953 Figure | is a simplified schematic depiction of a prior art
fluorescence detection device; Figure 2 is a schematic depiction of a subsea facility
employing oM@ #SPATRA Sembodiment of the leak detection system descriBedheHB073953Figure 3 is
a schematic depiction of an illustrative leak detection sensor that may be employed to detect leaks
from subsea facilities, as described herein; and IDFigure 4 is a schematic depiction of an illustrative
leak detection siggera describsthpltieih. schenwiilalehectabjeftampitier ditdlosechtrmesindigsuseeptible to
various modifications and alternative forms, specific embodiments thereof have been shown by way of
example diative;

Figure 2 is a schematic depiction of a subsea facility employing one illustrative

5 embodiment of the leak detection system described herein;

Figure 3 is a schematic depiction of an illustrative leak detection sensor that may be

employed to detect leaks from subsea facilities, as described herein; and

10 Figure 4 is a schematic depiction of an illustrative leak detection system described

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

15 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.

20
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
25 implementation-specific decisions must be made to achieve the developers’ specific goals,



15 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 cHE8P/BIMtention is to cover all modifications, equivalents, TR MEN%Sfalling
within the spirit and scope of the invention as defined by the appended claims. 20 DETAILED
DESCRIPTION OF THE INVENTION Various illustrative embodiments are described below. In
the interesicbf alarityplionedl ferturestoharelatstd alridh plesmestatbited recdetierivedvitighisveibe sifivation. It
will of course be appreciated that in the development of any such actual embodiment, numerous
25implenfiesmiagion ispdeifientitisi opnmthstrb Mezaeiey ¢o, dchidl bahe rievialsgahsttspebificdgualep WO
20091042320PCT/US2008/073953 such as compliance with system-related and business-related
constrainmswisidianvithighty fropewpteimpid ntisraonuaiagothier wanléovveriholitbbdappreeitted that
such a development effort might be complex and time-consuming, but would nevertheless be a routine
undertakimmgéorkiag oo tlsrsimdrgrdidiin shd artthagihbahie Hdwdinefitis disclisslpews.  The present
subject matter will now be described with reference to the attached figures. The words and phrases
used herein should be understood and interpreted to have a meaning consistent with the
understanding of those words and phrases by those skilled in the relevant art. No special definition of
a term or phrasdicepresetfinittoecthaaiseditatenofroRt 1deshshedinaily saiarenstoindhe meaehiag as
understood by those skilled in the art, is intended to be implied by consistent usage of the term or
phrase hé@iresToleveidhandapiasnierdoheeie Monldnieundeiivednapdeiainesethiadhdvs. aa
meaning other than that understood by skilled artisans, such a special definition will be expressly set
forth in tHeegpEEfRaamieRt & Hbfihttiorarprisies tHaberevtydaradnbyuridealiyoseakiied dhehpecial

definition for the
relevant art. No special definition of a term or phrase, i.e., a definition that is different from

10 the ordinary and customary meaning as understood by those skilled in the art, is intended to
be implied by consistent usage of the term or phrase herein. To the extent that a term or
phrase is intended to have a special meaning, i.e., a meaning other than that understood by
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

15 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.

20 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

25 representative in nature in that it may represent any type of subsea facility wherein it is



15term 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. FY@@09%94¥2BEhematic top view of portions of an illustrative subsRaTASHISAT30 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., maydfiovabletivemezit andodejattetvatinlie subkeztomiponentke2gystem 100. |tFshculenipde,
understood that the system 100 depicted in Figure 2 is intended to be 25representative in nature in
that it maijieélbveisenyasystspel 00 sodsbe daolityaherathdtiprodoctonstiiling2oPETLS2008/073953
desirable to monitor and detect the leakage of material from the system 100. For example, the
illustrativetsystdarersormidyshevddsalssebeoilnglats pad hetitibegrorapivigter’Staneg feidit), tetbe
Moreover, it should also be understood that the components 22 are intended to be representative of
any of a vemesgroidtieré rnty mésiof avthpohahtierpat g e feumplooenss il oyasd e soerdacsubsea
facility 100. For example, the illustrative components 22 may be a Christmas tree, a production
nlanifold capleyedun piesien abBORSi1E Lk, Bot srymebsdheplbressing eysramentets? THysbas will be
recognized by those skilled in the art after a complete reading of the present application, the present
inventionashbuikinmst ibeclimpedlusticse matiiakdy padesunat pypecafesy N or A FecomtRIpOnents of
such a system. ID As shown in Figure 2, the system 100 further comprises a plurality of leak
detectionPsesesense3eyaisisantierad B, Tevelhibdctecammzed nenrd e rilsiiek inihe/pet oifensor that
may be employed to detect the leakage of undesirable materials, e.g., hydrocarbons, chemicals,
hydraulicchuigitsteteadiagptibesyisrent 2pplicyoBxEN plesthkiprgrainy gidekknot be limited to use

with any particular type of system or any type of components of such a system.
10
As shown in Figure 2, the system 100 further comprises a plurality of leak detection
sensors 30 and cameras 32. The leak detection sensors 30 may be any type of sensor that
may be employed to detect the leakage of undesirable materials, e.g., hydrocarbons,
chemicals, hydraulic fluids, etc., from the system 100. For example, the plurality of leak
15 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
20 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

25 provided by way of example only, as the sensors 30 and cameras 32 may be positioned at any



15 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 eYB30%41&43824 fluorescence sensor like that described in co-perRfifgUapMIR R8P 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 indsosipsst doeation refdriartbe iyditsreristyMvhe vemsois B0 raayitsd dratngddlialadytectinbination
so as to effectively monitor leaks from the system 100. The number and locations of the
sensors 3naeid ¥hhvedaplggedepithethinsFigined ¢aspradiddthhe walie ofyescamptecoiisd dsithie sensors
30 and cameras 32 may be positioned at any WO 20091042320PCT/US2008/073953 desired location
within theoxsydtiem 2ro@:. ecibdiierait is ¥ebateedairdd thankeacinibakdetatipwisdrserBoObSdapidyed with
an associated camera 32. Rather, the system described herein provides great flexibility as it relates to
the numisemsiies Fasiicsnigipof the sereso k080 uaidtinainrakadeder tio nifndiorithe mysteerelitdestsh that
leak detection monitoring may be efficiently 5conducted. The camera 32 may be any of a variety of
different eapdersedystems that are suited for the intended purpose described herein. The camera 32
may be permanently affixed to some portion of the system 100. In some applications, the lens of the
camera 32 may be coated 10 with an anti-fouling coating to limit the growth of material, such as algae,
on the lens. The growth of such material might adversely impact the ability of the camera 32 to perform
its intended fundthsrcagigialfymnebearnzrel 32 aiiyoel gitioidatioamnsra sysieans taichrasuatediper, to
remove particulate matter or other debris, such as sand, from the lens. 15In one illustrative
embodinfeatiniendpd WA P Figlare R egnketimofdosaeTaaRk may be permanently affixed to some

portion of the system 100. In some applications, the lens of the camera 32 may be coated
10 with an anti-fouling coating to limit the growth of material, such as algae, on the lens. The
growth of such material might adversely impact the ability of the camera 32 to perform its
intended function. Similarly, the camera 32 may be provided with a system, such as a wiper,

to remove particulate matter or other debris, such as sand, from the lens.

15 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

20 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

25 readily detected. In some applications, depending upon the number and location of 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 32308944332 %mounted on such a pan and tilt scanning stage 40PGHEPE8IH 3% Bucture 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 psietratientigmotsnt@dioplgribus peytibnRitdd of the systemn@e, dndieHedeakidetiootion
sensors 30 and cameras 32 are each mounted on pan and tilt scanning stages 40. Moreover, by
mountings¢heoksald deetionsensors 30 tedtemetanSradBmorne pagriany tiftcatadwinysiayescad, the true
source of the leak may be more 25readily detected. In some applications, depending upon the number
and locationlefieak WO 20091042320PCT/US2008/073953 detection sensors 30 deployed, it may be
possible to use two or more of the leak detection sensors 30 and/or one or more of the cameras 32 to
more precisely locate the true source of the leak. 5Figure 4 is a block level depiction of an illustrative
intelligent leak detection system 200 as described herein. As shown therein, the leak detection system
290 comprises dligeastione blsicld&ectidepivismote a0l rateceinéd ligakt deas dideciensos@ata 70 and
may, in some applications, receive additional production data 80. The system 200 may also comprise
a databadees fdesstorisghgetin ar ohowtpthoiom the lkekkdgéaettio s ysent ey @mm@epardeast0 the
controller 60 depicted in Figure 4 is representative in nature in that the functions performed by the leak
detectionose e eetectinthy W plefdtthdidtupasie blogiofs teemtro Harsos detimPuredspreads e ughout
a larger computer system. Alternatively, the leak detection controller 60 may be a dedicated resource
that is ustRPHEMI9NST [eaiEeil§dditipnnpdsedustisnraietdetiohhd SystenA @@ Hasadcalsoaupisted in
Figure 4, the leak detection controller 60 receives leak detection sensor data 70 obtained by the
plurality sRfebce&fdEsippteans sl Bondiyoeidpad iem the spkdsiettoepiteldentPig e @uisehe
illustrative example described herein, the leak detection sensors 30 may be acoustic based sensors,
{8mperatihe prxsellserfxbrdenigind sBe FERIDD a5 EEPSRTFIHE Ve a8 basare sindais thpdgademsors, etc.
In further embodiments, the leak detection controller 60 may also receive production data 80 that may
be obtairdtBymed Mehederkcirisaden sipiealles §0 fam be nererMSHIPIO R UHBOFS EpfioNed to
monitor various aspects of production from the subsea facility 100 or production process modules. For

example O FOMPriRIS CRbPRE M e O UIGELE < pRENEETS Vit théteipatéral oo egk detection

controller 60 may be a dedicated resource that is used solely or primarily for purposes of leak
detection.
15
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
20 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

25 component 22, the flow rate of a fluid flowing through the system 100, the temperature of



25component 22, the flow rate of a fluid flowing through the system 100, the temperature of WO
20091042320PCT/US2008/073953 fluid flowing through a component 22 or a conduit 24, and the
viscosity of W@ AH3%2hg through the system 100. The controller 60 has HelCaPABHyARSEhange a
pre-established sensing protocol for 5 the plurality of sensors 30. For example, the controller 60 may
modify the frequency of when any of such sensors 30 perform or report the results of such sensing
activities flaid. flif winiaHeele stsotipodens 32oom a sunkor ¢ indit thiveisfailyak the fbodifbieimgd may
increase the frequency at which it receives leak detection data from the particular sensor. In another
example thheugbrboiert@d0 MQy modify or change the established sensing protocol of other 10 sensors
in the system, e.g., direction, frequency, acceptable ranges of sensed variables, etc., to assist in
locating the source of a leak. The controller 60 may also modify such sensing protocols after first
determining that the production data 80 confirms that the production system is operating within
acceptable limit¥he Sipnoneddieiraai/thexapabiditynte shetan 200 rstptibishach srnpets toretsiedllish
"baseline” data for the leak detection sensors 30 in the system 100. This baseline data would be
eXtablishty pihenitheisyaterrs B0 Iroperating thedeaniisiianl Gpproxiediie s feeriertatef coriitions.
The production data 80 associated with such steady state conditions may also be noted. Once
establishal) tHespelsefinwiatl foreaehdeaipdetdicny deénebr Bl rrayibe 2016hsIoyed toibiidlate
subsequent data received by a particular leak detection sensor 30 for purposes of determining if the
sensed dgek I9tassidaatlatiefeation ssanebi3meisatilg 196 hietlrébed-artinbictlaey dncaeasmatieak or
whether there is some other reason for the particular leak detection sensor 30 providing data that
varies froiisqs basalinehdeltalt Feewayaimpik detestiapiasiellone|tbe \ruriagidabiseen iedpasline data

and the actual sensed data
example, the controller 60 may modify or change the established sensing protocol of other

10 sensors in the system, e.g., direction, frequency, acceptable ranges of sensed variables, etc., to
assist in locating the source of a leak. The controller 60 may also modify such sensing
protocols after first determining that the production data 80 confirms that the production

system is operating within acceptable limits.

15 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

20 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

25 may be established. If the sensed data does not fall outside of this acceptable level, the

10



25may be established. If the sensed data does not fall outside of this acceptable level, the WO
20091042320PCT/US2008/073953 system 100 may ignore the sensed data from the leak detection
sensor 30. AP 2¢he system 200 may simply categorize such an evE&TASSAMRNSPHy and
increase the monitoring of the area covered by the particular sensor 30 or increase the sensing
frequency of the particular sensor 30. 5 In the event that the sensed data exceeds an acceptable
thresholds ysthne, 11 mystegno2d hmegnsattel ity themaidolskt dlesoetiiom sresoa Jak/ditumitiy elyisteeand/or to
confirm that the detected leak is a result of some other condition. For example, the system 200 may
direct thatysttimr Je8kdeteitiply setegoriz8 0 bt engaget wrimsmnthy wdsteraindhhengotaray of the
10 sensed data reported by the particular leak detection sensor 30. The frequency of the sampling rate
may alsodbeincresaseovereehbyp dirticpdai sdas orBOmsvell tsfersadditionasisensons 3T ndihcent or
near the particular sensor 30. In another example, where the system 200 has the ability to control the
direction pirtisulae sshaedid)) 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
adlditional 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 Betisoesaibthalirdeteanssdadefatrxeaeds covareedinpihshrohelsormihes sditsey8OnThe
controller 60 may then analyze the data from these additional sensors, e.g., relative decibel levels from
several z¥vepagdekednubes, detianefforpidipbrieahedarkitefjuabieemie ahd/ mdatiomidihdatdic In other

cases, fluorescence sensors 30 may be directed toward the area or region of the system 100 in an
effort to |deEricthéehkaie. Yver 2GS T0aZ32IPCIURPeD8/OT3g58Nple, the system 200 may direct

that other leak detection sensors 30 be engaged or monitored to determine the accuracy of the
10 sensed data reported by the particular leak detection sensor 30. The frequency of the
sampling rate may also be increased on the particular sensor 30 as well as for additional

sensors 30 adjacent or near the particular sensor 30.

In another example, where the system 200 has the ability to control the direction of

15 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

20 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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In another aspect, the present invention may employ a hierarchical analysis to facilitate leak detection.
For example, some sensors, e.g., acoustic sensors, only detect a secondary effect of the leak, e.qg.,
noise. In on® &x2IE23%then the leak detection controller 60 receives data ROMUSFePA7HSéondary
effect” leak detection sensor 30, the controller 60 5 may direct that other sensors 30 that directly sense
the leaking material, e.g., fluorescence or gas sensors, be directed toward the area of interest as
reflected by the ldatm piftvideadsy titee apmystit Sevesoio enaperapteysensirsiubicrhaydgniseta
secondary effect of a leak, e.g., a localized increase or decrease in a portion of the system 100 or the
adjacent fenilitatenieakt. dofrstiondidariopxefrpleakofrensaisoisa cgmperattire saroot, 3Myhdetestteoller 60
may direct that 10additional sensors 30, some with direct sensing capability for the leaking material, be
directed tgaprdragioitccovérdd akhe geparting lamperciampkerderate leakrdaiestiver dhustedtive
aspect, the controller 60 may analyze production data 90 in the course of performing leak detection
analysis. (oreegiatpiiata pomyreaelipt oberandorviatieql B knditeing oerirggistitg teatlieaktnay
have been detected, the controller 60 may monitor the most recent production data and/or direct
atquisitionasf Ereeubib athetadosdestéthilié diestlinfoast, thalepking Britiinbidalie Prsdessgoaciacility may
have on the reading obtained by the reporting leak detection sensor 30. For example, if the production
data reflexas tbrgote by Siegptad o awp dhattigare hintsestandpideatedor upred eorpitiodeehbysiistem 200
may ignore the data received by the reporting leak detection sensor 30, or at least indicate to a human
operator #aaetHe sarefrorhctneaiapr senioak detetionssasser Soardaybeibwscd, altekseig part, on
the non-steady state operating condition of the system 100 as reflected by the production data. WO
2009104220 A TNISAGDLIOFIIEBE in [h RORHOTe WpiEifit Bs@m e oheheddbasikat 60Viay it the
production data associated when a leak detection sensor 30 reports a value that is outside of a
preselecteédoaliBdigsieorarigeleakdrive rareia fsaipathrars senfesld Yvitharemérallerdipy map dBgeie@aipon an
analysis of such information, over time, the controller 60 may be able to identify or suggest a potential
Hcause afligitipedtediteriisiksomsrvaiadiptet wasinasapititifordbe dedang aratiatelebsrisesisdr 30
indicates a leak, and that the pressure within the system 100 is higher than its normal operating
pressuretohevesiohepectasdey dsdaramnallsiapratvisernsng tange. In response, the controller 60
may report that the allowable operating pressure of the system 100 needs to be decreased and/or that
the equipment, e.g., flanges associated with the piping and/or pump, ID needs to be able to better
withstand the pressure sometimes seen at such components. Of course, human intervention will be

required to makB fiRetrsdisHativRmreeHe tias ol 608 coE Hralyrd RirdYs e shate Ml the

course of performing leak detection analysis. For example, upon receipt of sensor data 70
15 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
20 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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In all cases above, upon receipt of data reflecting or suggesting a leak in the system 15100, the
controller 60 may direct that one or more cameras 32 within the system 100 be directed toward the
area or regi¥{PAMEEAfm 100 that is under investigation.  The controR&THOSAYEY/ ERtpfoy 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: capahilitiediofetirengystéim d@oroller 60mhg iitistiedodutvdideatswsiotastroller 60
is a computer programmed with software to implement the functions described herein. Moreover, the
functionsvdescrbleakfclethetinB contiléP 6epvrly beyduefdhaied bytode of moresehittslietywphdad
throughout a computer WO 20091042320PCT/US2008/073953 system. The controller 60 may be a
stand-aloneggevité thnrif erayndisidy onfondeak mohenofheotrpiar ¢66hpbirsedyspemsan Howxsiegfas will
be appreciated by those of ordinary skill in the art, a hardware controller designed to implement the
particulastghatitersngitgnaisebinscdiesPomles 6 thayrkeabisntiandeatifreshorgling dataitadial

description are presented in
5 cause of any detected leaks. For example, assume that a fluorescence leak detection sensor

30 indicates a leak, and that the pressure within the system 100 is higher than its normal
operating pressure, or even on the upper end of an allowable operating range. In response,
the controller 60 may report that the allowable operating pressure of the system 100 needs to
be decreased and/or that the equipment, e.g., flanges associated with the piping and/or pump,
10 needs to be able to better withstand the pressure sometimes seen at such components. Of
course, human intervention will be required to make final decisions with respect to what

corrective actions are to be undertaken.

In all cases above, upon receipt of data reflecting or suggesting a leak in the system
15 100, the controller 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
20 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

25 controller 60 may be performed by one or more controllers spread throughout a computer
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terms of software, or algorithms and symbolic representations of operations on data bits within a
computer memory. These descriptions and representations are the ones by which those of ordinary
skill in the alY@f#8¢{0E328onvey the substance of their work to others of ordi¢dry SKII%N83art. An
algorithm, as the term is used here, and as it is used generally, is ID conceived to be a self-consistent
sequence of steps leading to a desired result. The steps are those requiring physical manipulations of
physical estenitieShessortitglltidlymaobaacsssdrillonhdseicuantitienapkes tie doronoboprions] oflectrical,
or magnetic signals capable of being stored, transferred, combined, compared, and otherwise
manipulatethpliehasppensyenuesnidhtvetwmes, yilintdpally doriehbptsost comdioarysige indhefer to
these signals as bits, 15values, elements, symbols, characters, terms, numbers, or the like. It
should berbarheritwarindosalievdesiaaedibohthlssecand sirmitizuiermmetions hayalsobiatedduith the
appropriate physical quantities and are merely convenient labels applied to these quantities. Unless
specifically stated otherwise or as is apparent from the discus- 20 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 systeionsopsithilaineratieoninéorapatipendagcéctiigdndgsipipiiess andtrspriotnis data
represented as physical, electronic quantities within the computer system's registers and memories
into othetkadata efmidivarep pestistasspryGicsMpotstiRsaAsiane edrapeteitaissimdaierhties or
registers 25or other such information storage, transmission or display devices. WO

2009104 23h0P € FUSREUSITTTY3 Theyhdgsartitinas ansherdirpmtaienss|esethamgs Brevilugtrative
only, as the invention may be modified and practiced in different but equivalent mariners apparent to
those skiffedrrtherdinaiaving thetibe pdrribratects semirys theralhs tregceb ple Yipik fpoedsssstéps set
forth above may be performed in a different order or the various components stacked and 5
assembl@adinaiffekdhitSifigitrafis e mithhe #h dre (o6 ivitetfbheraranih asid éouesdhecriadlls &
construction or design herein shown, other than as described in the claims below. It is therefore
ident tsap¢rey grhrdidr shiisoaistntssamiessal Sbaveleadind éoaitdpsticsr isiodifiddantriiaach

variations are considered within the scope and spirit of the invention. Accordingly, the protection
sought h&ress e BsEs RIvpisal R IBias oy ol plysical quantities. Usually, though not necessar-

ily, these quantities take the form of optical, electrical, or magnetic signals capable of being
stored, transferred, combined, compared, and otherwise manipulated. It has proven
convenient at times, principally for reasons of common usage, to refer to these signals as bits,

15 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-

20 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

25 or other such information storage, transmission or display devices.
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What is claimed: 1. 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 leakWe&¥8AEA28¢hsors and direct the sensing activities of said plurdlel/31S30Ez98hk
detection sensors based upon said received leak detection data, and wherein said leak detection
controller is adapted to receive production data regarding operation of a subsea facility monitored by
said plurality of T8k phetectian aebedimants doshprece dbakedete dliontditecrenbived fhommtelast one of
said plurality of sensors to a baseline established for said at least one of said plurality of leak detection
sensors. n&yTpreydiénd eihd aracticédrih el Goreprizin g qudalabasaforrstopipy SHitbldaksdekeldeidn data
received from said plurality of leak detection sensors. 3. The system of claim 1, wherein said
controllerinthy atidaymptbactabfisioédhsansihgnpsdiocols iFenikroudivdbelearcdsstetstivrigciosdr data is
outside of a preselected allowable range. 4. The system of claim 1, wherein said controller may
change precestamlishieal persingedrotoeotififeseid deived Idgk veteesiorpamesonidastapkeditsiie of a
preselected allowable range and said production data is within an allowable range. 5. The system of
chaim 1, witerahedaiel deak eteenbavcaimersl e uibormeiceine bdakastectitedded indieatdoridf a leak
from any of said plurality of leak detection sensors, is adapted to direct at least one additional sensor
of said plefraitystpeuipscn derisorbasiveshorisetisinghastistiaseovdteetthitecsumeddpvaidiidak. 6. A

subsea leak detection system, comprising: a plurality of subsea leak detection sensors;
therefore evident that the particular embodiments disclosed above may be altered or modified

and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.

10
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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\wharrj el saidgontroller may change pre-established sensing protocols if said received leak
detection sensor data is outside of a preselected allowable range; 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.A Gubss s eir@tichisyseril thepaamgrising a database for storing said leak detection
data received from said plurality of leak detection sensors. 8. The system of claim 6, wherein said

controller is SHPRIMO IR eSS Fleived from at least one of said plurality of sensors

to a baselinex¢sirblsERIbicscrRic] kY laRFhant Pbsa\ Pekaditieed dpaladeient ea gpngariy & The system of
claim 6, wherein szljd controller may chggge,pre-establis,hed sensing ?rotoccplj'i .said received leak
| A6 B

detection serdoaARKITELOR T80 dHRA BfcHAbNg AGHYHIERE B8 within an

allowable rangg. décilhe syistrsbadel aipdrd sad aseivsaiddr aktdeieptitis antr e eiid eekipt of leak
detection datg'al indicative of E@[ealéérom ny of said pl ralitého leak detection sensors, is adapted to direct
oF gt 5&%&

at least one SEGRIHILFYUH ARERIRERYRR BRI PRGN F'R to detect the
source of safddeiaymbhitéredbpeai tbplkiHtyeidakydtant GoRNsSE g @ dolmglity ellstaeeadeak detection

; and,a leak detecti troll ted t ive leak detection data f id plurality of
e loak ARIEHENELCB S REFU B P S AUt DT CAPT SR Leal ctection
sensors basea digdessaisheastaisiehlesdi dete céanddatet ovheiitrsaid leak

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

datareceived from said plurality of leak detection sensors.

3. The system of claim 1, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range.

4. The system of claim 1, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.

5. The system of claim 1, wherein said leak detection controller, upon receipt of leak
detection dataindicative of aleak from any of said plurality of leak detection sensors, is
adapted to direct at least one additional sensor of said plurality of subsea sensorsto
perform sensing activities to detect the source of said leak.

6. A subsealeak detection system, comprising:

aplurality of subsealeak detection sensors;
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detection controller is adapted to receive production data regarding operation of a subsea facility
monitored by said plurality of leak detection sensors, and 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 ¢aieR! dBRGRITeORiGRIdJegKeaRsirattpreiRaIbeenEio ttrd $radniechiaranyeare leak

detection data received from at least one of said Flurality of sensars tg a baseline established for said at

least one of SRSERIFRIARSEIRNSHRRRER A ShrrshFhe BT AGS il el iR ph SHRE R prising at
least one caragtaidhativirychsoeiieaiadposaid ealedeteriiRtierotionelts AprResMEsa gasticular region

based upon said received leak detection data. 13. The system of claim 11, further comgjrising a database

for storing sAFFERRARNEABH 4 PR R LPRRANE LIS PRI ARta RIKANA OPEGH 9B/ & SUDPF The system
of claim 11, yepeiginreaitoeantip baiorprRY #ed tcakaiastaidisbedoie BRI A NsaiocsiiiEGaideceived leak

detection sensor data is outside of a preselected allowable range. . The system of claim 11, wherein
cais contron B SARERTS B0 SRS TG RGP o Lied T Rk SRRRE AR scnor date
is outside of g puigsedastaghriosebied fgshrn@rspidapepduction data is within an allowable range. 16. A
subsea leak detection system, comprising;. a plurality of subsea leak detection sensors; a leak detection
controller addpfE ) FecAREads H&\é@ﬁ%ﬂ@&%@%@@aﬁﬁ%l&%ﬁ@%%@tﬁégQ ¥Etdn sensors and
direct the sepaitigubgtidbien dhsalidipdareity retaves¢alcadatiastiarsensors based upon said received
leak detection data, 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 7. The system of claim 6, further comprising a database for storing said leak detection

datareceived from said plurality of leak detection sensors.

8. The system of claim 6, wherein said controller is adapted to compare leak detection
datareceived from at least one of said plurality of sensorsto a baseline established for
said at least one of said plurality of leak detection sensors.

9. The system of claim 6, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable
range and said production datais within an alowable range.

10. The system of claim 6, wherein said leak detection controller, upon receipt of leak
detection dataindicative of aleak from any of said plurality of leak detection sensors, is
adapted to direct at least one additional sensor of said plurality of subsea sensorsto

perform sensing activities to detect the source of said leak.

11. A subsealeak detection system, comprising:

aplurality of subsealeak detection sensors; and

aleak 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
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of said plurality of subsea sensors to perform sensing activities to detect the source of said leak and
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; and at least one camera that may be directed by said leak detection controller to observe a

particular regigacaapeditpsTesRidgsael sl ek e piealieiciadaia leyal I BFYBERE 61 6laiubsdurther

comprising a database for staring said leak detection data received from said plurality of leak detection

sensors. 18/FHISIBIOEARYi ¢! WP P! Loaly dERtimR Sensyr S RaH Y B R&ithR¥Hed sensing
protocols if spicbeaeRIVESt6IR deiestiertizrpstediadasorsier MdcareaieetReiati@naing 6rnge. 19. The

system of claim 16, wherein said controller may change pre-established sensing. protocols if said received

leak detectiot SeNLEH Ay 163 RETGE! 9N SeIre sy L ARt K dlierhld eashaneadi SRRt Qata is within
an aIIowabIIeorlzi@gpp@@i@/@ﬂ@g;aga{,e@ﬁd gﬁa@tm]*@yﬁtglg‘qsmk y @ﬁiﬁ@@@%@@tim@g@_dublégﬁ_ Ieal; dett)ection
sensors; a leak detection controller.adapted to receive leak detection data from said plurality of subsea
foak detectiom Al i HECAE MGG SRRt TR SRSSh oo RARElon sensors
based upon faifl ke teiseshtcoksdief el i aBsanbeeio &bk N etigi ishad apted tacapaitleak
detection data receiyed from ?t lea tone of said glurality of sensors to a ba_seline_established f_or said at
least one of 91%”8?8@%%%@9%@5%%%% s; and a database for storing said leak detection data

received from said plurality of leak detection sensors. 21. The system of claim 20, wherein said controller

may change pre-established sensi rotocols if said received leak detectjon sensor data is outside of a
preselected é%gvl'\g%%stem cg% clalmrﬁ,eurt er comprising aﬁeast one camera that may%e (ﬁl rectea

by said leak detection controller to observe a particular region based upon said received
leak detection data.

13. The system of claim 11, further comprising a database for storing said leak detection
datareceived from said plurality of leak detection sensors.

14. The system of claim 11, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range.

15. The system of claim 11, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an alowable range.

16. A subsealeak detection system, comprising:

aplurality of subsea leak detection sensors;

aleak 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, upon receipt of leak detection dataindicative of aleak from any of
said plurality of leak detection sensors, is adapted to direct at |east one additional sensor
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range. 22. 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, wherein said controller is adapted to compare leak detection data

received frorg ahilgnirene, of saiskalukr Sloeareis iPasrineiesiiaeediersaideasreast one of
said plurality of leak detection sensars. 23. The s¥stem of claim 22, wherein said controller may change

pre-establisfatf $EAHY HRAREEB IS A LAR il BRIRII ERMAEL RO FRISEY 8 JatRitreRY & preselected
allowable ranggn at4edbheriysteaddl olain 22 sakereitd stieds fle deiasiprRE el ek WRendireeipt of leak

detection data indicative of a leak from any of said plurality of leak detection sensors, is adapted to direct

at least one GuRRtHRLI R0 RS SRGSHRAIRENSY'SuB X a sensors to perform sensing activities to detect the
source of sajg legk o@bednetibgraiegiudeliected By iR coRIESHTE comtvipdtydisibeea leak detection

sensors; and a I@?’J( detection controller adapted to receive leak detection data from said plurality of
subsea leak RSN SURE HRRPeR TH AEPRARRFEONEARG plurality of subsea leak detection

sensors based upon said received leak detection data, wherein said leak detection controller, upon
receipt of leak detection data indicative of a leak from any of said plurality of le lF detection sensors, is
adapted to check 2 RIS AL LAl toh VLS G BP LR RS G ISREb I AR sensing
activities to detacethadfrere ehi dainitekdy ovhesrincsaitlorpsineder may change pre-established sensing
protocols if said received leak detection sensor data is outside of a preselected allowable range.
18. The system of claim 16, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range.

19. The system of claim 16, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.

20. A subsea leak detection system, comprising:

aplurality of subsea leak detection sensors;

aleak 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
controller is adapted to compare leak detection data received from at least one of said
plurality of sensorsto a baseline established for said at |east one of said plurality of leak
detection sensors; and

adatabase for storing said leak detection data received from said plurality of leak

detection sensors.

21. The system of claim 20, wherein said controller may change pre-established sensing

protocolsif said received leak detection sensor datais outside of a preselected allowable
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26. 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 controller is adapted to compare leak detection data
received frofpggdeast one of said plurality of sensors to a baseline established for said at least one of
said plurality of leak detection sensors, and 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 agldiiansd-eaBaotieksaish Riatiyohsisag sensors to perform sensing activities to detect the
source of said leak; and a database for storing said leak detection data received from said plurality of leak

detection seASHEAY oA YYRseR PRARRiTNISYSN comprising: a plurality of subsea leak detection
sensors; anchfelfedettetfsiioorteNiep bganeapieddavereiveitea deteetdromata dromr i grlurality of

subsea leak detectjon sensors and direct the sensing activities of said plurality of subsea leak detection
Sensors basé‘f’ﬁ?ﬁ)lr?%% BQ&&%“%’&%?&Q&H%%%%&PM?&W&% %&ﬁ'ﬂ@!&&%&% 2brt is adapted
to receive priegieligsiiatasagiiriiagoppmtienikoctidhbrak aetiétioronierevhBssadg glurality of leak
detection sensors and compare leak detection data recejved from at least one of said plurality of sensors
0 2 basslin SR TENSELIEH EL18 SOTRERE LA S PR or Ve Rt Aot

d wherein said

controller mayehiayast psasesiabbshed isrersiapl Rreid colsaf saideecerved leid deielitpofdeasor data is
outside of agrese.lected allowable range. 28. The system of claim 27, wherein said controller may

change pre- %H%'P]gg‘g%rﬁsing protocols if said received leak detection sensor data is outside of a
preselected allowable range and said production data is within an allowable range.

23. The system of claim 22, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range.

24. The system of claim 22, wherein said leak detection controller, upon receipt of leak
detection dataindicative of aleak from any of said plurality of leak detection sensors, is
adapted to direct at least one additional sensor of said plurality of subsea sensorsto

perform sensing activities to detect the source of said leak.

25. A subsea leak detection system, comprising:

aplurality of subsealeak detection sensors; and

aleak 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, upon receipt of leak detection data indicative of aleak from any of
said plurality of leak detection sensors, is adapted to direct at |east one additional sensor
of said plurality of subsea sensors to perform sensing activities to detect the source of
said leak, wherein said controller may change pre-established sensing protocolsif said

received leak detection sensor datais outside of a preselected allowable range.
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29. 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, 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
compare leak detection data received from at least one of said plurality of sensors to a baseline
established f& a2 K SIRLEEH QB Y BiPa i ¥ 8@ detection sensors and wherein said controller may

change pre-ggirlpstieer SEPséaYpKOieRLIFIh Satddieceived leak detection sensor data is outside of a
preselected allowable rar%?e and said production data is within an allowable range. 30. A subsea leak

detection sy &K CEIHHRETgNE B HRPISCIQSEes Vel ra cleterb Aneaiabramsrid PINERLRYiBh controller
adapted to regiges leaeaierdivBetladpsisnaapaict Mk i scthaeed enkiepatipmsenapiseand direct the

sensing actiyities of said plurality of subsea leak detection sensors based upon said received leak
detection dalSHIRFEIOR SRR RS SORFOTEY RS Lk AP R B PR S8 data regarding
operation of @atibresi &xeikiptan antongshiey ¢ d@boedityelid ealeidetenvan seaspishe\dieegin said controller
is adapted to compare leak detectjon data received from at least one of said pluraljty of sensors to a
el eo DR SR ST a3 L P D e LR ol 183kt one
camera that gegythshdisesies dnd saierie alsslatesliarieontivtent@lpsaps acpapiafldsdegion based upon
said received leak detection data. 31. The system of claim 30, wherein said controller may change
oo cstabli AP PR TSHGaLNe LA e SRS, T A P b AR procslected
allowable rapgspesitsaidepretiectponaaiddis avithseaordbsarbltuialigeof Shshesiehses teak detection
system, com riFinr%: : I . .

;?er orm sensing activities to detect the source of said leak; and
adatabase for storing said leak detection data received from said plurality of leak

detection sensors.

27. A subsea leak detection system, comprising:

aplurality of subsealeak detection sensors; and

aleak 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 compare leak detection
datareceived from at least one of said plurality of sensorsto a baseline established for
said at least one of said plurality of leak detection sensors and wherein said controller
may change pre-established sensing protocols if said received leak detection sensor data
isoutside of a preselected allowable range.

28. The system of claim 27, wherein said controller may change pre-established sensing

protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.
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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 wherein said controller may change
pre-established sens%ré%(j)rotocols if said received leak detection sensor data is outside of a preselected

allowable rarge’aidPSERd SR et ARSI S Yowable range: and at least one camera that may

be directed Rypraiglitgaf detesiinicaniselion terdpersgda particular region based upon said received leak
detection data. 33. A subsea leak detection system, comprjsing: a plurality of subsea leak detection

sensors; and ERIERARN AL L REPRIEC L 85 e L SReal R AAta P i 9B AL Biurality of

subsea leak glpkestieskRisarsragshsire ahthd reensiagenciigties atissish BRIy Aftyursepdeak detection
sensors based upon said received legk detection data, wherein said leak detection contrgller is adapted
10 receive prsE R UG SF R FEFR B SH PR RS S b B AP ELra Mty of eak

_deC}_ecti_on S?ﬂéfwlio?mbwmr@%@l@dkdw '@g@@ﬂﬁ%da@m@mg@ﬁ&%ﬁ@m@m Iata
Indicative o akK rrom an sall urality of le etection sensors, IS adapt 0 direct at least one
ehtonal sd Ao T Dl & SRR A B, TR LE0 (ES A Ple couras o
said leak, anghmiineceivesdidmcntielie onedf chiangeraieyestadlishe coseinsishpraiabhihidsaid received leak
detection sensar data is outside of a preselected allowable range. 34. The system of claim 33, wherein
e comroraa e R B T TR S D S S 28 MRS L QAU Ron sy it
is outside of mayresateetprbaliehbhed sagengsiciaibiplio deicticiaiatd Isavitetaciombavgabtitange.  35. A

Subsea ek, g Pl PRl S S SR e o s

allowable range.

30. A subsea leak detection system, comprising:

aplurality of subsea leak detection sensors;

aleak 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, 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 |east one of said plurality of leak detection
sensors; and

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

particular region based upon said received leak detection data.
31. The system of claim 30, wherein said controller may change pre-established sensing

protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.

22



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, 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, and wherein said controller may change pre-established sensing protocols if said

received leaR Qe SRAdEA FPEHOR IR PR H8Yelected allowable range: and at least one camera

that may be gisrgterybor saishiaMcreiaetiporoantiaier to observe a particular region based upon said
received leak detection data. 36. The system of claim 35, wherein said _controller may change

pre-establisftGRIRRRY YPAIUEY o Sdrbietia e ¥ E ke ARG BB PRI AP preselected
allowable rangeseaidaaiibietidnciporatdsiivikitha_erkiwaikio r6896f s3itl plrLSes ledssietection

system, comprising: a plurality of subsea leak detection sensors; a leak detection controller adapted to
acenve loak Tk e BB SER LA pHA 531 SoPLEN o AR FLB PSSR 8 the senaing
activities of srucdpionadivtal Ruhseadsel totestios sreasonshased eiRed sqsheeativas leakbegiection data,
wherein said coptroller may change pre-established sensing protocols if said.receiyed leak detection
sensor data (ALK LA Y A P e GRS AR T S GO AEk cotection
data receivechfpenarjd risvatitll rhiepkeds ivrprncsensiorsa dBicdibedssieteret ttrieasorwherein said leak
detection controller, upon receipt of leak detection data indicatiye of a leak from any of said plurality of
ok dotecto QARG Bl RAERRSINGUMAED 5 088 AL AR O QAP or S Dfaliy of suboc
sensors to pHdaHnl seasijegapctivities to detect the source of said leak. 39. A subsea leak detection

asyeg
system, Comgllglars]lgbne camerathat may be directed by said leak detection controller to observe a

particular region based upon said received leak detection data.

33. A subsea leak detection system, comprising:

aplurality of subsealeak detection sensors; and

aleak 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 wherein said leak
detection controller, upon receipt of leak detection dataindicative of aleak from any of
said plurality of leak detection sensors, is adapted to direct at |east one additional sensor
of said plurality of subsea sensors to perform sensing activities to detect the source of
said leak, and wherein said controller may change pre-established sensing protocols if

said received leak detection sensor datais outside of a preselected allowable range.
34. The system of claim 33, wherein said controller may change pre-established sensing

protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.
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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, 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 actlvmes to detect the source of said leak; and a database for storing said

leak detectiotPaatSURERIRY AFRTLNPRFRISPENESYetection sensors.
aplurality of subsealeak detection sensors,

aleak 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, upon receipt of leak detection dataindicative of aleak from any of
said plurality of leak detection sensors, is adapted to direct at |east one additional sensor
of said plurality of subsea sensors to perform sensing activities to detect the source of
said leak, and wherein said controller may change pre-established sensing protocols if
said received leak detection sensor datais outside of a preselected allowable range; and at
least one camerathat may be directed by said leak detection controller to observe a

particular region based upon said received leak detection data.

36. The system of claim 35, wherein said controller may change pre-established sensing
protocolsif said received leak detection sensor datais outside of a preselected allowable

range and said production datais within an allowable range.

37. A subsea leak detection system, comprising:

aplurality of subsea leak detection sensors;

aleak 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
controller may change pre-established sensing protocolsif said received leak detection
sensor datais outside of a preselected allowable range; and

adatabase for storing said leak detection data received from said plurality of leak
detection sensors.

38. The system of claim 37, wherein said leak detection controller, upon receipt of leak

detection dataindicative of aleak from any of said plurality of leak detection sensors, is

adapted to direct at least one additional sensor of said plurality of subsea sensorsto
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perform sensing activities to detect the source of said leak.

39. A subsea leak detection system, comprising:

aplurality of subsea leak detection sensors;

aleak 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, upon receipt of leak detection dataindicative of aleak from any of
said plurality of leak detection sensors, is adapted to direct at |east one additional sensor
of said plurality of subsea sensors to perform sensing activities to detect the source of
said leak; and

adatabase for storing said leak detection data received from said plurality of leak

detection sensors.
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