Condition Monitoring of an Underwater Facility This invention relates to a
nmet hod for nonitoring the condition of apparatus |ocated at an underwater
facility and condition nonitoring neans for nonitoring a conponent of an
Sunderwater facility. In particular, the invention is applicable to an
underwater facility such as a subsea hydrocarbon production facility.
Background of the Invention 10Subsea equi pnent associated with the
production of oil and gas is 8Fnerall¥ deS|gned with a design life of up to
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Types of subsea equipment failure include for example:

- breakdown of resistance in electrical conductors’ insulation and/or breakdown of the
20 conductors themselves;
- leaks within hydraulic and chemical systems;
- wear within choke valves;
- wear within valve actuators; and
- failure of controlling electronics.
25
A current approach towards detecting such failures is to utilise sensors fitted to subsea
equipment to measure various parameters within the electrical / electronic, hydraulic, chemical
and production systems. There may be many such sensors deployed subsea. Many of these
measurements are monitored via a control system located topside, i.e. at the surface either on
30 land or on a vessel or platform. Currently, parameter monitoring uses statically defined alarm
set-points to alert an operator, local to the control system, that an abnormal condition, indicating
a fault or failure, is present. By way of simple example, the monitoring system may be set to
raise an alarm once a pressure sensor measures a pressure higher than a set, predetermined

value.



2 This nethod has various associ ated problens. These include: 1. The
operators, although famliar with a systemls operation, may not be experts
in the equi pnents behaviour. Consequently, this may affect the reaction
time to a problem 5 as, once an abngrmal condition has been detected, the
operator may have to contact the supplier of the equipnent. This in turn
may greatly increase the resolution time and diagnosis of the problem
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4. The measurement system generally produces a large amount of telemetry data, making
it difficult for the operator to understand the health of the system, as some equipment

15 operation is more important than others.
5. Visibility of the status of the system is limited to trained operators and may not be

available to a high level user.

It is an aim of the present invention to solve the above problems. This aim is achieved by
20 modelling the predicted behaviours of sensed parameters associated with facility components,

and correlating these with actually sensed values.

Accordingly, the invention enables the remote monitoring of the condition of subsea equipment
to provided enhanced feedback and abnormal condition detection. The invention, through

25 modelling of the measured parameters, provides early warning and diagnostic information, to
enable preventative actions to be undertaken or maintenance to be scheduled.

The invention may be used with existing subsea installations, using the sensors already
present, or alternatively, new installations could be optimised for enabling the invention.

30
There are various benefits to the present invention. These include:

a) adecrease in downtime in production due to scheduled maintenance;

b) a reduced cost of unplanned interventions;



The invention may be used with existing subsea installations, using the
sensors already present, or alternatively, new installations could be
optim sed for enabling the invention. 30 There are various benefits to the
present invention. These include: a) decrease in downtinme in production
due to schedul ed mai ntenance; b) a reduced cost of unplanned interventions;
3 c) less experienced operators are required to operate the system d)
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10 c¢) comparing said sensed parameter with said model, and

d) assessing the condition of the apparatus based upon said comparison.

Steps b), ¢) and d) are preferably carried out using an expert system, for example one which
comprises a historical database. The method could include the step of providing the expert

15  system with input from an external source, said input being used to enhance the model.

Step a) could include sensing a plurality of parameters and/or step a) could include collating any
alarms associated with the parameter. Each parameter and/or alarm could be assigned a

priority rating within the model!.

20
A method according to the invention could be used for umbilical electrical conductor condition
monitoring. In this case, step a) could include sensing at least one of: a surface LIM reading; a
surface input voltage; a surface input current, an underwater input voltage; an underwater input
current; and an underwater LIM.

25

A method according to the invention could be used for detection and/or monitoring of hydraulic
fluid leakage. In this case, step a) could include sensing at least one of: activation of a valve;
flow of hydraulic fluid within the facility; an amount of hydraulic fluid leaving a hydraulic reservoir
located at the surface; and a hydraulic fluid pressure at one or more points within a control

30 system of the facility.

A method according to the invention could be used for detection and/or monitoring of wear or
erosion within a choke valve, for example by including the step of determining a flow rate

through the choke valve. The flow rate could be determined by using a flow meter in the



Step a) could include sensing a plurality of paraneters and/or step a)
could include collating any al arns associated with the paraneter. Each
parameter and/or alarmcould be assigned a priority rating within the
nodel . 20 A nethod according to the igvention could be used for unbilical
el ectrical conductor condition nmonitoring. In this case, step a) could

i ncl ude sensing at |east one of: a surface LIMreading; a surface input

vol tage; .a.surface input curre n_under i nput vol f age; an

Uinder BiPBRY o dte Snkporte 6 real trlttmtiagay Merdurongh ar e teitieie BB¥ePRg 1o

t he i naeerivited BOUesbuling p@esuré and tdipeedturercharadieeistiosn fllio &t the irdét dnydduttat] 1 C

fluid If\?@ q%i In this case, step a) could include sensing at | east one of:

activalion®dr®a val ve; flow of hydraulic fluid within the facility; an

anount of hydraulic fluid leaving a hydraulic reservoir |ocated at the

surf acg; P

con% ol r%%ggds 98%1%@{18?% trﬁ-;‘r nklgr'ﬂ%{\ Jo%@sblé %ﬁ&} fo?rb%te%éomhﬁlopﬁwﬂhgrm eé]fw%ﬁ coul d

be useditfiva \divteeattuator, dmrdémmpimhy irohiding tbé stapaef dﬂteremmeg tre waluhe of duidhoke

val ve, odoBlmeX HPhE dHialislf ot Y Gaibdle FieChoiGhe 4BLAM B Mefimtheh! §rfedliing T Ough
ve. The

t he choke v ow rate could etermnedl@if usi ng ter in
the shygraalic Miuidypressurehat egebisidevef| the valde ar thecolumeleaud e determipad bl direethr ough

or thenblowhaite q’ﬂ?'rﬁetﬁ@d %Bl%réarﬁk%ebﬁﬁe”ﬁé&léff'rﬂ&uﬁﬁ %%Hé Guidr LERRREat ure
characteristics at the inlet and outl et e choke. 5A net hod

acthbr dgigptiops Pﬂ@rnﬁoeﬂﬂ fhisrcageiter Blecoyseqpmngiee g e%rtrigdhe avaPerof RNRIBEI ng of

wear Wot Ridwr? (ifeaksysnsa ot la\etuafor Jﬂpoﬂéﬁ@' ¢hé)ynétn&! wdliagcdhgriset fia Sbp of
det erm ni ng the vol une of consu 9?/ actuati on of the va ve The
dr

vol une %ﬁm"d”%@ed*éff‘%rt?ﬁeﬁéﬂ f‘HW Sﬁres%m% ﬂ‘ﬁ”ﬂ 'é‘utf‘isccaﬁ? e Minedssorld fithetach

si de odonigiRe tad 3t6p OF udifdethy GbteABINEDLithé tdken Geéaidumtd aidtibry within €etaciResur enent .
The met hod coul d conprise the step of nonitoring the nunber of valve 10

actuations perfornmed. In this case, step c¢) could conprise conparing the
nutber A efetlart abrdinistottbe knvemttonl dolile epased fof dededtioataad/oc owpibarigtcs faillifeeofnet hod

| d h full k h
ot uat PRI FeerendhS Ron koG FrRadils ALt HER B s dbte P &) BB 51 ng
t he deihdude sading atieasbdreoft tempatabune;airessiure; aumality;wiutrantdravie by e tcamparent; 15A
net hOd A %rv I'sngnq[ \90IttaB§ ?f éwga{%% bﬁ’é‘loﬁ&H)lnqn 91% fgaf?tg ?Ré n%%o%céo rl:o%qéep{he

ernltOI’ ng 'ectroni cs conponent or co ntro appar at us
at thesteagi dlet@rymnmmthemegltlcafw ur@ewt%r)el@mnaucqnneuguéorsaambln@y@btalrwmt one

szo t el@?& 0315 Y- eLIMQﬁ@a%ﬁf‘éﬁ?enf thﬁHrQuch¥|U|dCfl6W€é?érrrﬁ’r{a%}9ﬁ's, %ﬂd %hfrﬁﬁ?l%ﬁ_%_ﬂfo'n fiedgnal

| evel s; voltage at at [east one location in the faci e met hod
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measur enents; hydr aulic fluid flow deterninati ons; and chemi cal injection
f| ow In accordancé with a second aspect of the present invention, there is provided condition

monitoring means for monitoring a component of an underwater facility, comprising:

25 a sensor associated with the component for sensing a parameter and outputting a signal
indicative of said parameter;
an expert system arranged to receive each said output signal, the expert system including a

model of expected behaviour of said parameter.
30 The expert system could include a historical database.
The component could comprise an umbilical and an associated umbilical termination assembly,

the condition monitoring means being adapted to monitor the condition of electrical conductors
of the component. In this case, the condition monitoring means could comprise sensors for



determ nations. In accordance with a second aspect of the present

invention, there is provided condition nonitoring nmeans for nonitoring a
conponent of an underwater facility, conprising: 25a sensor associated with
the component for sensing a paranetergand outputting a signal indicative of
said paraneter; an expert system arranged to receive each said output
signal, the expert systemincluding a nodel of expected behaviour of said
parameter. 30The expert system coul d include a historical database. The
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the fac
more points within a control system of the facility.

The component could comprise a choke valve, the condition monitoring means being adapted to
15 detect and/or monitor wear or erosion within the choke valve. In this case, the condition

monitoring means could comprise means for determining a flow rate through the choke valve.

The flow rate determining means could comprise a flow meter in the proximity of the choke

valve to directly determine flow therethrough or the flow rate determining means could comprise

sensors for measuring pressure and temperature characteristics of fluid at the inlet and outlet of
20  the choke.

The component could comprise a valve actuator, the condition monitoring means being adapted
to detect and/or monitor wear within the valve actuator. In this case, the condition monitoring
means could comprise means for determining the volume of fluid consumed by an actuation of
25 the valve. The volume determining means could comprise a hydraulic fluid pressure sensor
located at each side of the valve or the volume determining means could comprise a volume
sensor. The condition monitoring means could comprise means for monitoring the number of
value actuations performed. In this case, the expert system could be adapted to compare the
number of actuations to known life spans of actuator components. The condition monitoring
30 could comprise means for determining the time taken to fully stroke the actuator. In this case,
the condition monitoring means could further comprise means for calculating friction within the

actuator using the determined time.



The conponent coul d conprise a choke valve, the condition nonitoring nmeans
bei ng adapted to 15 detect and/or nonitor wear or erosion within the choke
valve. In this case, the condition nonitoring neans could conprise neans
for determining a flow rate through tge choke valve. The flow rate
determ ni ng nmeans could conprise a flow neter in the proximty of the choke
valve to directly determne flow therethrough or the flow rate determ ning
means coul d conpri se sensors for neasuring pressure and tenperature
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25  For simplicity, Fig. 1 divides the system into four locations: subsea, topside, remote location and

remote user.
a) Subsea

30 A subsea apparatus component 1, for example, but not limited to, a well tree (or “Christmas
tree”), manifold, power generation or storage device, communications or power distribution hub,
electronics or control module is located at the seabed. This apparatus component 1 has
sensors 2 associated with it. Typically a large number of sensors are provided, so that various

parameters may be measured. These may include for example pressure, temperature, flowrate



20 the present invention. This systemis inplenmented as an expert system
| ocated renotely fromthe topside's control system which interprets data
aut ononmously and provi des feedback to an operator on the health of the
monitored facility and al so provides advice on potential naintenance

requi renments. 25For sinplicity, Fig. 1 divides the systeminto four
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or sepapuatted ppthetwell Tiee. subsea el ectronics nodule perforns initial
processing of the sensor data. Typically, the subsea el ectronics nodul e
will be housed within in a subsea control nodule (SCM 4, generally nounted
on'& hebel I Tansi8e. 10b) Topsi de Located topside, i.e. at the surface, for
exanple on land or on a vessel or platform are a control station 6 and
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protocol, using an internet or satellite link to a renote |ocation. 20
The topside control station 6 comprises means for converting the sensor data into a format
optimised for transmission, typically using the established TCP/IP protocol, using an internet or
satellite link to a remote location.

20

c) Remote location

Here, the term “remote location” means a location remote from the subsea equipment. In many
cases this location will also be remote from the topside location, for example at a central control

25 base, but may optionally be located at the topside location.

Situated at the remote location is a remote monitoring application 8. This comprising
processing means adapted to perform much of the data analysis required by the present
invention to determine the health of the subsea apparatus 1. In particular, the remote
30  monitoring application 8 is linked to a historical database 9, which stores historical data and
expected behaviour models for processes and components of the subsea apparatus 1. This
enables the remote monitoring application 8 to function as a so-called expert system, as will be

described in more detail later.



c) Renote | ocation Here, the term"renote |ocation” neans a | ocation
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The n%gw}egqgldgan fﬁ]ggia 1 &Ll@%r s a nmeans of sharing data with third

party equi pnent “vendor s equired to di agnose the state of their
eq& prent. 10 In addition, renDte users may send information to the renote
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nodel speddd | nput from an external source, for exanple experienced
personnel, which may both stored in the historical database 9. Using these
conponents, the systemis capable of incorporating feedback and 20l ear ni ng
f riem exper ippersysté@ enhance the nodel (s) and the inprove the systenls
operation.

The expert system preferably comprises both analytical computer models and input from an

external source, for example experienced personnel, which may both stored in the historical

database 9. Using these components, the system is capable of incorporating feedback and

20 learning from experiences, to enhance the model(s) and the improve the system’s operation.

The system collates all of the many individual parameter data from the sensors 2, measuring
the data either continuously, or at discrete points in time. Each data condition is assigned a
priority rating, which affects the weighting of each data condition in the overall assessment. The
25 prioritisation takes the form of a ranked number system assigned to alarms of certain groupings

(see example below), in descending order of importance in terms of its effect on the equipment:

0 — Emergency Shutdown (EDS) and safety related systems
10 — Process critical data
30 20 —- Key equipment status
30 - Process support data
40 - Facility support data
50 — Tertiary data



The systemcollates all of the many individual paraneter data fromthe
sensors 2, neasuring the data either continuously, or at discrete points in
time, Each data condition is assigned a priority rating, which affects the
wei ghting of each data condition in the overall assessnment. The
25prioritisation takes the formof a ranked nunmber system assigned to

al arns of certain groupings (see exanple below), in descending order of

inmportance in ternms of its effect on the ui pnent: 0- Emergenc hut down
(EDS)  Antmamruesropaid v By Berafeter Sterars B0 SUES P4IE HEPE- BEFsbGiarkey
equi pneay ceristituts haimis, are@adinyg pp edriditdaiidin8-andaaivé tHeysafreatid pHlaédphp0 -
Terti ar% d?t$ tﬁ A@? ﬁ?ltarﬁ's associated with the paraneter data are al so
col | at B4RRCT RNRGUPEARa PR al arms may constitute hard linits, or
trending or conditional limts and have the sane rating phil osophy as
appl i ed t e ot.her .aboy 5The system can, t hen Eﬂﬁfi he .status
of p:Jl heﬂéqulsﬁ)e&e% : t\B\ngr'E %‘?’ﬁﬁ‘? rrllseet}ﬁ%%ia{ugroggev\%quﬁp%fegg ?’Iﬂp'%;t;h © rtné'!illprr ov‘?’eagfaéﬂy’&éer al |
heal t hproeide en avetalhhasltinscoreiand asireplified vielveof thebabaes gysteamststuat us. Specific
nmet hods by which the expert systemof this invention can detect the
problens of: 10a) breakdown of resistance in electrical conductors; b)
| eaks Swedficneieiisdiylwhich tha expearbdystepsefdiig inventionecan/detestihe mrakiants of: choke
val ves; d) wear within actuated val ves; and
10 a) breakdown of resistance in electrical conductors;
b) leaks within hydraulic, chemical systems;
¢) wear/erosion within choke valves;
d) wear within actuated valves; and
e) failure of controlling electronics.
15

are detailed as follows :-

Breakdown of resistance, using example of umbilical electrical conductor condition monitoring

20 A typical subsea control system utilises a composite subsea umbilical 5 to transmit from the
topside control station 6, electrical power and communication signals subsea, alongside
hydraulic and chemical supplies. The subsea end of umbilical 5 terminates in an umbilical
termination assembly (UTA) 16 (see Fig. 3). These electrical power signals are transmitted and
distributed via insulated conductors terminated within wet-mateable connections to the subsea

25 equipment.

The operation of the electrical distribution system is key to the operability of the subsea system.
Typical subsea electrical distribution systems operate at between 150 to 600 volts, but with
longer offset distances these voltages increase into the kilovolts range. Breakdowns in the
30 resistance of a conductor's insulation can cause a system failure and potentially harm to
operators, or divers, working on the system. Also, conductors within the umbilical or flying leads

and the electrical connectors have a tendency to break down over time.



e) failure of controlling electronics. 15 are detailed as follows : -

Br eakdown of resistance, usiing exanple of unbilical electrical conductor
condition nonitoring 20A typical subsea control systemutilises a conposite
subsea unbilical 5 to transmt fromtfae topside control station 6,

el ectrical power and communication S|gnals subsea, al ongsi de hydraulic and
chem cal supplies. The subsea end of unbl I ical 5 termnates in an unbilical
term nati on assenbly (UTA) 16 (see Fig . These el ectrical power signals
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the unbilical electrical conductors may be assessed using the foll ow ng
pajanet ers —negﬁrlf'éc%q_lﬂ‘fgédir?g;peri od of tine:

- surface input voltage;

- surface input current;

- subsea input voltage;

- subsea input current; and

25 - subsea LIM (if available).
The expected, theoretical resistance is calculated as:

=(V/l)-Ar
30
where R = expected resistance
V = voltage
| = current

Ar = degradation in resistance over time



20surface LI Mreading; surface input voltage; surface input current;

i nput

vol t age; subsea input current; and 25subsea LIM (if avail able).

subsea
The

expected, theoretical resistance is calculated as: R= (V/I) - Ar 30 where
R = expected resistance V = voltage I{4= current Ar = degradation in
resi stance over tine 11 By nonitoring the above paraneters using their
expected relationship, it is possible to determ ne the expected el ect
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distribution system, including the main umbilical, any in-field umbilicals, electrical flying leads

and connectors.

Fig. 2 shows a graph which illustrates the technique and demonstrates its advantage of early

detection of a problem relative to the existing reliance on an alarm limit.

Hydraulic fluid leakage

Hydraulic fluid is used to operate various valves subsea. The fluid is pressurised at the surface
(shore or platform /vessel) then transported through an umbilical 5 to the subsea control module
4. The subsea control module 4 distributes this fluid using electrically actuated directional
control valves (DCVs) 19 (see Fig. 3). Pressure transducers (e.g. 18, 21, see Fig. 3) and flow
meters (e.g. 17, see Fig. 3) are distributed within the control system to confirm the actuation of
various valves. After use, the hydraulic fluid may be vented to sea (open loop) or returned to
the shore (closed loop). The control system is generally set to a fail-safe position, so in the

event that hydraulic pressure is lost, the well will be shut down.

Leaks of hydraulic fluid cause the following problems:
environmental concerns;
substantial costs;
eventual loss of control if pressure cannot be maintained; and
slower actuation times for valves (which can be a safety issue especially in emergency

shutdown routines).

Current practices range from doing nothing until a failure occurs (inability to operate a valve or
obvious increase in fluid consumption) to monitoring the consumption of hydraulic fluid at the
topside facility. If there is a significant increase in the amount of fluid added to the system then
manual investigation may follow. Gradual increases in consumption can go unnoticed.
Generally, no account is made for activity (operation of valves) or individual pressure or flow

meter readings until a failure has occurred.



Hydraulic fluid | eakage Hydraulic fluid is used to operate various val ves
subsea. The fluid is pressurised at the surface (shore or platform/vessel)
then transported through an unbilical 5 to the subsea control nodule 15 4.
The subsea control nodule 4 distribut@;x;his fluid using electrically
actuated directional control valves ( s) 19 (see Fig. 3). Pressure
transducers (e.g. 18, 21, see Fig. 3) and flow neters (e.g. 17, see Fig. 3)
are distributed within the control systemto confirmthe actuation of
various valves. After use, the hydraulic fluid may be vented to sea (open
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15 By monitoring the above parameters, it is possible to determine the amount of hydraulic fluid
that should be used and also the actual amount being used. If more fluid is being used than the
theoretical requirement, then a leak can be presumed to be present. The magnitude of the leak
can also be determined. Further analysis of the parameters above can also indicate a likely
location of the leak.

20
Fig. 3 illustrates diagrammatically a simplified well control hydraulic system, which for clarity
shows only one well tree and no associated distribution manifolds. Hydraulic fluid in a reservoir
12 feeds a hydraulic power unit (pump) 13 with the pump’s output flow measured by a flow
meter 14. All these components are mounted typically on a well control platform topside (i.e. at

25  the surface). The output from the flow meter 14 feeds a well head tree via an umbilical 5, the
umbilical’'s input hydraulic pressure being measured by a pressure transducer 15. The umbilical
5 connects, via an umbilical termination assembly 16, to a subsea control module 4. This
houses a flow-meter 17, a subsea control module input pressure transducer 18 and a plurality of
directional control valves (DCVs) 19 which operate well control valve actuators. Only three

30 DCVs 19 and one actuator 20 are shown for simplicity. The pressure of the output of each DCV

19 is measured by a pressure transducer 21 (only one shown for clarity).



t he amount of fluid noving through subsea flow neters; t he
anmount of fluid calculated by nonitoring punp status (e.g. using known

vol une per 10punp revol uti on and known nunber of revolutions); the anount
of fluid leaving the hydraulic power 4ynit at the surface, nmeasured by a
flow nmeter or fromthe hydraulic fluid reservoir level; and hydraulic fluid
pressures neasured at one or nore points within the subsea control system
15By nmonitoring the above paranmeters, it is possible to determ ne the
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then the flow rate or volune could be cal cul ated using e.g. pressure drops,
punp revql utions or by any ot her s avail able. 5Fault determ nation
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For chen i ledlrBidd AhOBCPERIXSHh filiybRpekie (wlynam ¢ approach may be more
appropriate as the flows are relatively constant.
physical flow meter 22 on a discharge / return’line 23 (Vs); and
any physical flow meters that may be present on each control line.
25 Output from a flow meter may be converted into a volume as would be used for the static
approach by integration over time, while conversely volume outputs, for example as would be
measured directly from the change of level of surface of the reservoir, may be converted into a

flow rate for use with the dynamic approach by measuring with respect to time.

30 An expected amount of fluid used (V) is derived from the known volume required to move an
actuator 21 through its full stroke — or partial stroke in the case where the position is measured

or calculated separately.



15 Fluid volunes or flow rates may be cal cul ated from the change of |evel
of surface of the reservoir 12 - (Vi); the physical flow neter 14 at the
surface - 20the physical flow neter 17 at the SCM4 - (V3); a cal cul ated
flow across the or each DCV 19, usinggpressure sensors 18 and 21, and the
known restriction of the DCV and known fluid properties (V4); phy3|cal fl ow
meter 22 on a discharge / return line 23 (V5); and any physical flow neters
that may be present on each control line. 25Qutput froma fl ow neter may be
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reservoir, may be converted into a flowrate for use with the dynam c
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| eak for the sinple single well tree configuration showm in Fig. 3 can be

determ ned using logic such as that set out below If VI > V2 and V2 = V3 =

V4 - = I¥/84\hevk t Nered Vg =&/sltieakthere is ladealun filzec 8C it 4 pafordahe HE3sel® (i.¢.forheVz >

V3 andvggce: B{é = V5 then there is a leak in the unbilical system If

V1i=V2= V4%%nd V4 = V5 then there is a leak in the SCM 4 before the DCVs

19'0(i .e. on the surface side). 10

If the calculated volumes V, is greater than its corresponding expected volume Vs, then there is

a leak after the DCV 20 (i.e. on the well side).

The above logic can be extended to the more typical situation where a plurality (“n”) of well trees
15  (e.g. numbered 1-n in the following analysis), with respective associated SCMs, are present in

the field, each well tree being connected to the common umbilical 5 via a distribution manifold.

In the following logic, V4 represents the equivalent value V, for tree “n” and Vs, represents the

equivalent value Vs for tree “n™:
20 fVy>Voand Vo =V; = (V4(1) + V4(2) + ... V4(n)) = (V5(1) + V5(2) + ... V5(n))
then there is a leak in the surface (topside) system.

If V4=V, > Vi and V3 = (Vuy + Vg + ... Vam) = (Vsy + Vo) + ... V() then there is a leak in the
25  umbilical system.

If Vi=Vo=V5 > (Vay + Vi) + ... V) and (V) + Vi) + ... V) = (Vsay + Vs + ... V) then

there is a leak in an SCM 4 before its DCVs 19 (i.e. on the surface side).

If one of the calculated volumes (V41), Va2, ... V4n) is greater than its corresponding expected
30  volume (Vs1), Vs, ... Vsn), then there is a leak after the DCV 20 (i.e. on the well side) at that

well tree.

Pressure gauges can also be used to determine if there are any leaks without the operation of

valves. For example:



lithe calculated volunmes V4 is greater than its correspondi ng expected
volunme V5, then there is a leak after the DCV 20 (i.e. on the well side).
The above | ogic can be extended to the nore typical situation where a
plurality ("n") of well trees 15 (e.gg nunbered 1-n in the follow ng

anal ysis), with respective associated SCMs, are present in the field, each
well tree being connected to the common unbilical 5 via a distribution
mani fold. In the followng logic, V4() represents the equival ent val ue V4
for tree "n" and V5(n) represents the equivalent value V5 for tree "n":
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conpensate fof the ference I'n el evation between transducers 15 and 18.
measurements have been established, then a virtual measurement can be created using the

output of the remaining functioning gauges. This could be particularly useful in the event of a

chemical injection flow meter failure.

15
The same logic can be applied to any fluid system, for example chemical injection or produced
fluid.
Wear or erosion within choke valves

20

A choke valve is used to control the flow from a producing well or control the rate of injection of
fluid into an injection well (or chemicals into a flow line). Production fluid flow is measured using

physical flow-meters capable of measuring multi-phase flow.

25 The present invention enables the choke position to be determined, and compared to a
measured position, from the flow rate through the choke. To this end a physical flow meter may
be used to measure the flow directly. However this is relatively expensive, and so the flow may
alternatively be determined by using the pressure and temperature measurements at the inlet
and outlet of the choke, and the choke’s known flow rate and pressure drop characteristics.

30
Typical problems that can arise with chokes include erosion and inaccuracy of position setting.
Choke valves by their nature erode, resulting in a reduced functionality. Operators setting a
choke to achieve a specific restriction and thus pressure flow characteristic may see a different

characteristic because of this erosion.



Applications are not limted to the producing well exanple used here, but
could include any part of a subsea control systemwhere hydraulic fluid is
used to nove actuators and/or val ves. Should any of the individual gauges
fail once the relationships between t,pe various measurenments have been

est abli shed, then a virtual measurenent can be created using the output of
the remai ni ng functioning gauges. This could be particularly useful in the
event of a chemical injection flow nmeter failure. The sane | ogic can be
applied to any fluid system for exanple chemnical injection or produced

fluid. Tﬁééﬁsm@ﬁ o?ff@%h@kb Wb Bbﬁ’iro‘ﬂfﬁ@lé%e‘éé"cé(@ﬁe Moriisrke Uylﬂb Waink& pbidfiofetegont r ol
the flow froma produci ng or control the rate of injection of fluid

into dkVPH) @&fﬁrsﬁemqasw@meeh@w@a?rsfor AtstePREFYRRVCNGSebY congne s BINBer ui d

flow ig m%é§§érﬁ¢’o hSisRPpByreie Cathilst bibvr MBthedsSmaRp& i« fof rorm@actnatag All of
mul ti- hase fl 25The Present |nVént| 08 enabl es the CR)O |t; p to be
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t he chaién cahorebilili if aadiftbrént pbyitorciading h(ﬂﬂévﬁﬁtcﬁﬁhe way desireddydhd operatasur e t he
flowdirectly. However this is relatively expensive, and so the flow may
alternatively be determ ned by using the pressure and tenperature
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flow raf %‘%cﬁ g%u%pedq]odrrggtglag{eﬁgtng stics. 30 Typical problens that can
ate M .

arise ncl ude“erosron and i naccuracy of position setting. Choke
vallves by their nature erode, resulting in a reduced functionality.

Qper at or achieve a specific restriction and thus
bR Bl st

pressure flow c Ic my see a different characteristic because of
t hi s er o#fiecihoke p@pitiphdngiestontis wrongf t he choke fl ow control ling sl eeve can be
nonitored using a linear potentioneter (LVDT), other direct neasurenent
device_ or, for a stepper-type choke, counting the nunmber of pul ses sent
to t heThetrbypiea! figmi eter giMes %F owﬁeranﬁe@%mé‘r%‘-ﬁqn @‘ecoahoeaewtéwldﬁéﬂa? gs gas,

acfsuat\ater obil el BSiRE Bs 'ﬂ'&hh@@sarﬁf BreSslPé 8BAsdre oh HAGK WIdRCHGhe (CRoKE, itdEi ft on
a sensor, failure to coun whi ch can result fn a di ffebent

posi t i RATSiBle; RgcaeuRte By r?%”‘it'ﬁ@ %ﬁ@e d‘@@'?greta' BRMAAFIBY F5aRingd. floph gales Wibes of
faul t grmyctbe anadtys /R vious Thoke Boitidas. hhyed.ﬁbneac@aétwbbmmermbmymrted flow

rate ag'géigrg (l? tr(wzealagtuala;ees rchlon IS ress Eihan deswe rrgst%gtioinf),: plugging, or false position
indication.
20
A false position indication can be isolated from erosion / plugging by moving the choke to an
extreme position, either open or closed. However, this may not be desirable or possible. An
alternative method is to move the choke around the position at which it has been held for an
extended period. Due to the nature of chokes only the part ‘open’ to flow will erode and by
25  moving the plunger around this position a characteristic deflection will be apparent — isolating
erosion from a false position indication. In more detail, suppose the choke is kept at a constant
position x4 for an extended period. The open part of the choke, i.e. that exposed to flow, may
erode or plug, leading to a difference between the expected throughflow and the actual
throughflow. Now, for all choke positions which are more open (e.g. x > x,), the difference A
30 between expected and actual flow will be substantially constant with x, since erosion / plugging
cannot affect the closed part of the choke (since it is not exposed to the flow). However, for

choke positions which are more closed (e.g. x < xy), the difference A will vary as a function of x.



10 the choke has eroded; and/or the choke position indicator is wong. The
physical flow neter gives a flow rate and volune fraction of conponent
fluids such as gas, 15 water or oil etc. Using this flow rate and pressure
sensors on each side of the choke, ity;/is possible to calculate the
restriction of the choke, by conparing determ ned flow rates wth expected
flowrates for various choke positions. Any difference between the two nmay
be due to erosion (if the actual restriction is |less than desired
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actual throughflow. Now, for all choke positions which are nore open (e.g.
x > x1), the difference A 30 between expected and actual flow will be
u@stdﬂ&mad/_ttgmy:ﬁsmm X, since erosion / plugging cannot affect the
cl osed part of the choke (since it is not exposed to the flow . However,

for choke positions which are nore closed (e.g. x < x1), the difference A
wi || VRigy3 sRows 2 dical brdraflicgircuitimelging gripatien gt dieactipnal ﬁemrfawalvwﬂ&\{%d flow

rates ‘Fd‘eﬂ’?és%raﬁe vialved %p@%‘i@d 9} BlekPicardofenbiab e\K/ﬁBﬁ%éntﬁﬁ hk&ahlﬁleﬂuﬁdm&& kPRI ng of
t he choke. etermnln A across a range of e change in A across

this r%@tuat?r 20 /bé%bssrew@ntt%mew@wéntﬁﬁ@n et hevsealth@@r ‘??ﬁhPCé/ i on,

ang | op@l tesulé Bi isd EontMRChrbbsurd 8bnidks 1 a?fd 21 fthémnéés@r@mb%egsafwof/anmag
determ ned to be onsé nt across t he ful 100%
R B

ra
¢l osedion 4R en Sesresprtaly of tionar SadhcD ek Rl 58 isefeiy 2 i
measursheRAtis FRY. 8 fonsimplicig.tit will.be. uridesteddi ks tﬁ@dessknpasm tHeodrt thatleashtDOwW,19unl ess

that is tFe cho e has be n 100% open .for. a OE e eriod | eadi gtto
ol T P SR B e Rp il S8 b ek CPRBT R feam ot
act uatwalsnd-bfluid® csﬂmmmdasytampamwtuohpdtrmjbcv neayr lmjcalculatedi ,haegha presadrer of

402 QEHer ERD1LHELMAL KBS, (DRS00 oFDERE Ry Blaso oRRLaled dbeny

electric h contr a va
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e 15ma-me gDCOj(P%%II’I \Ilsla beoﬁﬂlg%qgr%?ﬁgeﬁéwu Yy a% ri ven Sl gél-acthg‘@? aﬁ&asure

t he pressur supp es respectlvely
of t hensieacta&@wn%esqmm 1elopre eithansoerude pressyi ddicatian pr g.calpulatad vlums. i 8i ty,

it w |soﬂ%réj%gﬁlrc%ﬁﬁp(ﬂa?%eknocfe‘%l%&& | %\,‘Fn (tlglee %&pﬁr{la&erﬁ@é}'&n%gr%ﬁ\ gy have

such an assocl ated sensor 21 on its driven sid ) From t hese rreasurerrents

t S voneniier Bte volumeridyaeulitlihyowsd adetraming i e aetHatopms iy stkeal cul at ed,
si nce $lReRH@RAIrE can fail which can lead to the inability to operate a valve, which in turn can

cause significant control and safety issues. The failures can be gradual in nature, such as
deterioration of a seal, repeated sticking and becoming free before finally becoming
permanently stuck, which in turn requires a gradual increase in pressure required to activate.

30
In known systems, no record is kept of the number of actuations.

A method in accordance with the present invention may:



20 flow characteristics of the DCV 19 are knowmn. Oten the volunme can al so
be nmeasured directly on the supply side by a flow neter 17 if present,

whi ch, as shown, nmay al so be located in the nodule 4. Oten it is not
possible to directly nmeasure the posijgi on of a subsea actuator, and instead
it is necessary to rely on either a crude pressure indication or a

cal cul ated volune. A software application has been devel oped, "VFVP" (valve
footprint verification program) to 25nonitor the volume of hydraulic fluid

noved to defibisenthgecorelation bgwegh ity nHEwer af pgiualiops jead failkihsEQ TR’ 0? s can

fail whiiah seaincdnesd edtPndtétetd RaDA Icbitain laistaHeemidved aindal YRtain\boriditiohs) fidai N can
cause signifjcant control a%]d safeté i ssues. . The fail U{QQS can be gradual in
n e i

nat ur ¢t GEARIE SVALALR T sPelmaRUiactliesy. . TeiRIaPe &Y STPRIETAg TARAUALEL A ng
free heftiend ampddugtieerRtd 0@ Jear dietarty myvet thelperashtagh of rentdiding ifegan bes a
gr dual.increagg in pressure required to activate. 30 In known systens, no
reCor FH0EdAN%¢ t he number of actuations. A method in accordance with the
present invention nmay: 18 utilise the correlation between the
nunber of actuati.on nd failure, For | idi e
esti mat ed t"(].)or\L']t Eskheasrggsr%r%ipﬁc’fltlﬁ N grr'lcaevarlrg%(/ggg J&ﬁad%‘? bgeclro ﬁ‘l Q?ﬂnigﬁ%ﬁoﬁ%n@,af rom
dat a rheadlineycaptaiet sl 2 khowmheelily peinufradimer sueh a¥ratriestallaion.oySuhsaatant i ng
the NURDRLrdMerELidale Qllas Aok Wt HdnBY sbdH & biflerbRs T Rbiutlb iR 6FpRNRL,  the
percentage of remaining life can be Sestimated; and noni tor the
priéss up @ctivats,iand vatiatiena iv steeof motian dringdhd peltveligataking intei 2ccprdfAreeesto a
basel | RGN HichGs He Gl EANRRWhIY tROIdNe is Acfidg™, such as at
i nstallation. Subsequent neasurenments are assessed to |look for trends such
as differences in volunme, time or pressure 10 to activate, and variations
in ratgg fhe BRehaB A stfketdHea@Gatby Akl BBtivaledi i i8G fURERDNAGICARE HydRURERSE
condi tions such as the pressure agai nst which the val ve |? acting. The time
t aken UBPY BresyuS: REREURIOMOIRS Gydroptatic Pressyrg..iPEng constant ot thg actyalh 38 t he
hydy autittonbll Igbskss fu@mhys nme&astﬁaionadcaa lﬂ%dafﬁirqrvamﬁmlifbln. hald 6D ess iﬁufe eiltrﬁes_utr]I e,
spring constant of the actuator an rictional |osses, s ) ui
¢ est r EONBreTaP RRHen, P negstrod chring Bigeept Mo ngiRel doStks MR KAown
bef or eeiafisrisalp Bétivean diie BRGkeUtirad ahdr dther measurexeptcah e fetemtinanédr daosses.
Therefore, a rel ati.onship between.the stroke tine and ot her. L. nts
can b bk AR R T TR SRR e RETe e o P EineE i JFE R hen
t her eflossessarghtihfis @spendaigaaityee.i Thishmufd becduetrafiuid blesliege camuechhnisalifiigliendi ng
fajd ure, i . ) j I C i ri gt 20
crtihgedapdeh (efide| e JfelRchInklrterles RELARALe BREHE fiRjrot oo D o
met hodo ceanitbethadiew takemfonthedctuatas to strexe cldsed, fsvally feeceddymsrsingtvdthist thek e
cl osed,si4al Iy forced by a spring within the actuator. In a preferred
enbodi nent, the volunme of hydraulic fluid necessary to nove the actuator is
25 nonitored and trended. A change in the volune of fluid used indicates an
I mpendpng Pfﬁr}&rmb@h%ﬁp iR Surhe of g‘u?drfagﬁ’d ﬁiuié!‘?lbblé@ar@ﬁt%erfﬁ?@ Whel AHifGH €S
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| eaks (potentially e seal s) an ecrease in the uid vol une

| 285 caTeutoRs AL RRsIeEt & ShangRdn dhe KRl of fuldrusag fidicetes an impending failure.

An increase in the fluid volume necessary indicates leaks (potentially of the seals) and a

decrease in the fluid volume indicates an incomplete stroke or build up of debris.

The volume of fluid expelled when de-activating the valve may be recorded and trended in the
30 same way. A decrease in the volume expelled indicates either that the actuator was not fully
activated, is not fully de-activated, or that there is a leak before the flow meter. These causes
may be differentiated by comparing the expelled fluid volume with the volume of fluid necessary

for activation.



The vol une of fluid expelled when de-activating the valve nmay be recorded
and trended in the 30 sane way. A decrease in the volune expelled
i ndicates either that the actuator was not fully activated, is not fully
de-activated, or that there is a |leakgefore the flow nmeter. These causes
may be differentiated by conparing the expelled fluid volume with the
vol unme of fl ui d necessary for activation. 19 In addition, each valve wll
have a general 'signature pressure / flow profile. This can be obtained
dur i ng'ni #ditian 8??'1)1‘1‘3'“? &4l hayp Brge&?r%rﬁgrﬁﬁlrﬂtprﬁﬁ"é‘?éﬂf’ﬂl prafile. s, car iPBn from
this sats}éiaédlaerm@uhstanht%@ltbstwgrtg a0 BRY aélhmoreaénu@ D'Qsﬂéttoﬁrfﬁ% Hdsighppeed to
alert the o a,tor t 0. potent a ure articul ar, the above
21 gnat SHEIPEITTY RECRETTROEHT: b6 TR0 e reed e pace BRfiEio6 1 dateblitis ea
saf et yimpahtiag (dilatesshown) . This is an inportant safety val ve, operated
ypé'rcally by a high pressure hydraulic fluid supply. It is used as a safety
rrier, during well tests and work-overs. 10Failure of controlling
el ect r lmrpacticulbin éhecakolve elgnﬁhtecproﬁlinbcmttﬂaﬂcam tsaLdppéied toed urface-coytpliedbliysebocat ed
inas e Ie tte rom
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is crlpnesalre hmraM@fbtdrﬁupply ﬁ%memas@ﬂalfambarﬂarf duwgmllhesis anthwotkvavess. npl y 15
waiting for a failure, switching to back-up, and repl aci ng when possible -
hopi ng the backup does not fail. There is currently no active nonitoring

f ot0 f afailyreofrpontioling electromiee el ectri cal operation of the well is also

dependent on subsea connectors which are conplex wet-mate itens and are
often the point at which the electrical, hydraulic or chem cal distribution
fail s. T® etntehslegireics e a cyhsracvelt grect&wcaﬂyt'@ci?t%bms%ﬁmatgl,eqtremﬁ%mOHg'et hem

whi ch jsEmyed @.hbMﬁ'erF@' mhﬁom.&Q@ﬂbmrr&gm fo?%lah@?wm&h'lé tygﬁényqacazéd @ithin an
r enot e- oper at ed veh| ...An exenp nmet hod 1 n accordance with the present

i nvent PN Hrayfhe SEM 33.'55 CHB%' {pthe ‘F%‘UQ SR nGUITERl Safety metedstiRvaine: EMPYr at i ng

f arg Orﬁ?lﬁg@rbraﬁfd"&ﬂépewmmﬂgeto t?&p-lws taucu ?epﬂé'tiﬂ'\d'lhiﬁérdbbéfslt?@d habmg tl‘f@lbla&Klmb for

SI1 gns eterjoration such as uctuatli,.ons rren ravvn a,

oo sSoesonet gt Thers T SgiSehR e, e o PRt fas. il aseR. | T cleanse

boar dSo;mmHoor ofCtﬁgméngltaﬁso bemadem rort fibsad @oendotars @\;mcht iﬁrre]?ct@?placweﬂ-matgvl ed
tin an C { n sef ul L to
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el ect riPealensiwit) the hgﬂd‘reatm_rs canfdftendbe salvedd b eeymakihg Ithan(WhIC!hnS fdlaiwelmtr@s or

| gk d&h‘?&&u?r@tﬁeomgtﬁﬁs%{i&ﬂ&%:%n%?élgde%teﬁ'%\i&g of the subsea connectors.

An exemplary method in accordance with the present invention may:

a) monitor ‘housekeeping’ data for health deteriorating factors such as temperature,
25 pressure and humidity and also monitor for signs of deterioration such as fluctuations of

current drawn, signal levels, voltages etc.;

b) determine a life for the SEM or individual boards and/or components, based on the
above factors through accelerated life testing; and

30
c) calculate a remaining useful life for the SEM, to allow replacement before failure; and
use a combination of monitoring of electrical (LIM), hydraulic fluid, and chemical injection

flow-meters or leak detectors to determine a general health of the subsea connectors.



20 The above-descri bed enbodi nents are exenplary only, and those skilled in
the art will readily envisage alternatives within the scope of the clains.
21 Cains: 1. A nmethod for nonitoring the condition of apparatus |ocated at
an underwater facility, conprising thg steps of: 5a)sensing at |east one
par anmet er associated with the apparatus, b) providing a nodel of expected
behavi our of said at | east one paraneter, c) conparing said sensed
paraneter with said nodel, and d) assessing the condition of the apparatus
based UfofPs1dgsethep sMmbedimentsoare exapplRpuorle dhers tiled imfhg art wiieaddly n

st eps &visaGe alétfatills MtRinGRY $dopl oPUb clashd)g an expert system 3. A net hod
according to claim2, wherein the expert system conprises a historical

dat abase. 15 4. A nethod according to either of clainms 2 and 3, including
the step of providing the expert systemw th input froman external source,
said i nput being used to enhance the nodel.



5. A nethod according to any preceding claim wherein step a) includes
sensing a plurality 20of paraneters. 6. A nmethod according to any
preceding claim wherein step a) includes collating any al arns associ at ed
with the paraneter. 257. A nethod accoyding to either of clainms 5 and 6,
wherein each paraneter and/or alarmis assigned a priority rating within
the nodel. 8. A nethod according to any preceding claim wherein the

met hod is used for unbilical electrical conductor condition nonitoring. 30
9. A neel¥d according to claim8, wherein step a) includes sensing at |east
one of: a surface LIM readi ng; a surface input voltage; a surface i nput
current; an underwater ut vol tage; an underwat er ut rentf and an
under wht er A gthodyisr "1?5“t°)i‘9n@?|f6’6d' e o SPP@aWB '%ﬁi’fdp?teg'é glex; ?ﬁ'"tXAher ein
t he meddnqmising tm:sadpg‘a_r detection and/or nonitoring of hydraulic fluid

| eakage. 11. A npeth accordi n e| n step a) includes
se%’Ei at §€838¢ gﬁ'ﬁgsq(?f’e Pammefari aﬁﬁ'ag?f’aw% ée@gpvg USt| ow of hydraulic fluid
wi t hi nbjt he grevddihg & ynodahofapentéd mfhahipdrrcﬁlsbid(atidasi ahel pe@arnetgr,a hydraul i c
reservqir |ocated atdthe ;a‘u facg gﬁﬁh %éj %UHC fluid pressure at one or
nore p i nt SOMRPATHSYC o (S’Iaraénf LG ek eflam lity. 12. A method
accor di)ng tassessngthe ceditivg of thei apparshierteised upan saixd ¢omparisoused for det ecti on
10and/ or nonitoring of wear or erosion within a choke valve. 13. A nethod
according to claim12, including the step of determning a flow rate
t itGough t heA oretiasl aedowdingl Bldaim frevherdinaders bli 19 and dt lagd Aentied owhesied ANt he
flow rég%gﬁ ?tg,gterm ned by using a flow neter in the proximty of the choke
t

val ve ectly deternine flow therethrough.
3. A method according to claim 2, wherein the expert system comprises a historical
database.
15
4, A method according to either of claims 2 and 3, including the step of providing the expert

system with input from an external source, said input being used to enhance the model.

5. A method according to any preceding claim, wherein step a) includes sensing a plurality

20  of parameters.

6. A method according to any preceding claim, wherein step a) includes collating any

alarms associated with the parameter.

25 7. A method according to either of claims 5 and 6, wherein each parameter and/or alarm is

assigned a priority rating within the model.

8. A method according to any preceding claim, wherein the method is used for umbilical
electrical conductor condition monitoring.

30
9. A method according to claim 8, wherein step a) includes sensing at least one of: a
surface LIM reading; a surface input voltage; a surface input current; an underwater input

voltage; an underwater input current; and an underwater LIM.



15. A nethod according to claim 13, wherein the flowrate is determ ned by
measuring pressure and tenperature characteristics of fluid at the inlet
and outlet of the choke. 20 16. A nethod according to any preceding claim
wherein the nethod is used for detectj,on and/or nmonitoring of wear within a
val ve actuator. 17. A method according to claim 16, conprising the step of
determ ning the volune of fluid 25consuned by an actuation of the valve.

18. A method according to claim 17, wherein the volunme is determ ned by
nmeasur Thg Hyaefindi aeceidinado g feepeding: claie whereiethgmethed Baysgd foragetectian net hod
accor darfbrintoritb@igdrhydralktemul Bakdye. vol une is deternmi ned by direct
nmeasurenment. 23 21. A nethod according to claim20, wherein step ¢)

conprises conparing the nunber of actuations to known |ife spans of
act uat or. coxpsiestt sccordidg tdhclith NOY werdd dtepda)t Mckatys eénsilgabtRadtboted o2 1,

congrisi.ng. the step of termnin he, 5t taken t ully siroke the

o B Svation 3 a g B i uTam PebE 2 BBy STramadbe’ Bermiis M avhE st ep
of usianpydrindic dedeevain loexded atrtiee sataen; dral < hAydralliatiaidfprésstireca one bhimord prnts
actuator. 1024 A neth cording to any preceding claim wherein the

met hod"\()'?hsIn %g%rﬁroij @Frg?e egg@??%cﬁ'tyand/ or nonitoring of failure of electronics
conponents for controlling apparatus at the facility. 25. A net hod

accor djng tAPm%'tt?dd“&c%é‘r_dirﬁ‘\%?a%&’bréée‘éﬁm %aih?@h&%ﬁ?@%@#&h&@isﬂ}seb‘?&S&etQ&B of :
tenperature; pressure; hHumdrty; current” drawn y a conponent; Si gna‘1
| e\l sandétanangpringgef wear et eragprewithin @rebokeovaitd.on in the facility.

13. A method according to claim 12, including the step of determining a flow rate through the

choke valve.

15 14. A method according to claim 13, wherein the flow rate is determined by using a flow

meter in the proximity of the choke valve to directly determine flow therethrough.

15. A method according to claim 13, wherein the flow rate is determined by measuring
pressure and temperature characteristics of fluid at the inlet and outlet of the choke.

20
16. A method according to any preceding claim, wherein the method is used for detection

and/or monitoring of wear within a valve actuator.

17. A method according to claim 16, comprising the step of determining the volume of fluid

25 consumed by an actuation of the valve.

18. A method according to claim 17, wherein the volume is determined by measuring

hydraulic fluid pressure at each side of the valve.

30 19. A method according to claim 17, wherein the volume is determined by direct

measurement.

20. A method according to any of claims 16 to 19, comprising the step of monitoring the

number of actuations performed.



26. A nmethod according to either of clains 24 and 25, conprising the step
of determ ning the health of an underwater electrical connector. 2027.A

met hod according to claim26, wherein the health of the connector is
determ ned by obtaining at | east one @f: LIMneasurenents; hydraulic fluid
fl ow determ nati ons; and chem cal injection flow determ nations. 28.
Condition nonitoring nmeans for nonitoring a conponent of an underwat er
facility, 25conprising: a sensor associated with the conponent for sensing
a par afiet erA IR SLAFAEdNGG @i Zhayhersir steatq) \vamprisesasaNRFEPS e BYMeET Fxper t
sy st emdidtisRIRknbRn liRCPHaME oRREIIGRbMPONEHMIt Signal , the expert system

i ncludi ng a nodel of expected behaviour of said paraneter. 30 29.

Condi tion nmonitoring nmeans according to claim 28, wherein the expert system
includgs a Ainetid &brdit Bhager clatds 1800 2€0ahArisMg tH® Bich i dagriBitsSthe
accordin go ei tﬁler gf cl ai 28 and 29, wherein the conponent conprises an
umtR | i U kAR OfHIVROER the 3 alhi 1 i cal termination assembly, and the
condition nonitoring neans is adapted to nonitor the condition of

el ectrjgcal gconductors pf the co nt. 5 31. Condition. nonitorin ans
Scoor g ¢ aNEn Ry e aY 78 AR seerto 407 S Shirdabe BlesBed

sur f adend takénm washilaupte fickam Wilirethemptubtov.ol t age; a surface input current; an
underwat er i nput voltage; an underwater input current; and an underwater
LIM 1032.Condition nonitoring neans according to any of clainms 28 to 31,
colpr i 24. ng Arewetiwdf ancorsiold tatdnypregedingl caims whsreicihatreethed tshused dopdetestioner .

33.  Candivdrinfuni j i ; | I , Wherein
the comslhon R SE Ao ey Fah s e, EalMe SyRdTEs £ndelis:
nmonitoring nmeans i s adapted to detect 15and/or nonitor hydraulic fluid

| eakaggs T r oMnidifod ¥&doRdlhg t6Hlaifr2Ad iheRin BRI &)0MciidedT8EMMAGE REE1 Bl b claim

33, conprising sensors for sensing at | east one of: activation of a valve
at t hedemMagifyre:\Prespure; Simistity Hipeaiarawn Py g @MACE eitnsignsét levalsi and ypltagg atatount
of15ny degdtlohé idchtidrin iRamtimg. @ hydraulic reservoir located at the surface;
and a hydraulic

26. A method according to either of claims 24 and 25, comprising the step of determining the

health of an underwater electrical connector.

20 27. A method according to claim 26, wherein the health of the connector is determined by
obtaining at least one of: LIM measurements; hydraulic fluid flow determinations; and chemical

injection flow determinations.

28. Condition monitoring means for monitoring a component of an underwater facility,
25  comprising:
a sensor associated with the component for sensing a parameter and outputting a signal
indicative of said parameter;
an expert system arranged to receive each said output signal, the expert system including a
model of expected behaviour of said parameter.
30
29. Condition monitoring means according to claim 28, wherein the expert system includes a

historical database.



20fluid pressure at one or nore points within a control system of the
facility. 35. Condition nonitoring nmeans according to any of clains 28 to
34, wherein the conponent conprises a choke valve, and the condition
monitoring neans is adapted to detectyyand/ or nonitor wear or erosion within
the choke valve. 25 36. Condition nonitoring neans according to claim 35,
conprising neans for determining a flow rate through the choke val ve.

37. Condition nonitoring neans according to claim 36, wherein the flowrate

det er mithi nCHUHERMONERIAIMeS acqording feteither §f (Qkmp 28 AT 139, orhareie tBRoke

val ve éd?n;ﬁﬁngﬁiCddnb_ t rigl@élt@r_n mnggcélmwafnrﬁ%%?(ﬁriléléglld@*bilicalft@rrﬁﬁ?tﬁﬁQ{éisérhlﬂﬁ 4R or i ng
means accordi ng.to clai m 36, rein e flow rate determni nea

Comr | CReNo8 A e STREHS PG 1t Beieing s iy o el oL deror! B¢ cs of
fluid @mgohenti nl et and outlet of the choke. 539. Condition nonitoring means
acggrding to any of clainms 28 to 38, wherein the conponent conprises a
val've actuator and the condition nonitoring neans i s adapted to detect

and/ or3toni Coditioe atonitbdiy mearscaccatdirg tacidiat3d;, comg@ikingCaamdors ifarsensing tooei ng
means gccarding. t ai,m, 39, .conprij sing. ns.for d rmning 1 e _yol une
or 11 uftarehehie e B oR SufePR R Vpuad A AR, MRS st e ng
nmeans @oleovaiémigput goltdgei an ddlerwdierisput ctiientyaridareurdietveaten Liing neans conpri ses
a hydraulic fluid pressure sensor |ocated at each side of the valve.

1542. Condi tion nmonitoring neans according to claim40, wherein the vol unme
detler ddhi ndCandidian masitpindgsmeans aaspiging toamy @f claims 28 to 31, comprising means for

collating any alarms associated with the parameter.

33. Condition monitoring means according to any of claims 28 to 32, wherein the component
comprises a hydraulic fluid system, and the condition monitoring means is adapted to detect
15 and/or monitor hydraulic fluid leakage from the system.

34. Condition monitoring means according to claim 33, comprising sensors for sensing at
least one of: activation of a valve at the facility; a flow of hydraulic fluid within the facility; an
amount of hydraulic fluid leaving a hydraulic reservoir located at the surface; and a hydraulic

20 fluid pressure at one or more points within a control system of the facility.

35. Condition monitoring means according to any of claims 28 to 34, wherein the component
comprises a choke valve, and the condition monitoring means is adapted to detect and/or
monitor wear or erosion within the choke valve.

25
36. Condition monitoring means according to claim 35, comprising means for determining a

flow rate through the choke valve.

37. Condition monitoring means according to claim 36, wherein the flow rate determining
30 means comprises a flow meter in the proximity of the choke valve to directly determine flow
therethrough.



43. Condi tion nonitoring nmeans according to any of clains 39 to 42,
conprising neans for nonitoring the nunber of valve actuations perforned.
20 44. Condition nonitoring neans according to claim43, wherein the
expert systemis adapted to conpare the nunber of actuations to known life
spans of actuator conmponents. 45. Condition nonitoring neans according to
any of clains 39 to 44, conprising neans for 25determ ning the tine taken

to fully stroke the actuator. 46. Condition nonitoring nmeans according to
cl ai m¥s5, ferdiier RIYHBFNG Megnhasesdipgto €3Nt FParvergins ‘}hpglOWoﬁ‘?t%\F?tﬁFWmﬂﬁe

act uatféardSdoRprib&eseebe fon MesbulindBresR 04 ndRifpetdtard cRBMatlenstics @f MB@ASthe

accor di n|g to%@n of cl %i ns 28 to 46, wherein the conponent conprises

el ect @Rt ﬁ{v)?fﬁ%?@ for controlling apparatus at the facility, and the
condition nonitoring neans is adapted to detect and/or nonitor failure of

L1 o185 e ATRRNE: Boans R0 Sl TR 28 54 MRTTR BFGpashn 1
pr ess uoeiprieesTadialve; actuatorearid theasumditipn anadtoraneetns & gaepied wvedtsct amidcbr

volta a ne, jon in the facility. 549.Condition nonitoring
rreansqﬁ%rﬁ%)F %?I'Jg‘%?ﬁi&t&gtv%lé'?%gﬁgg ‘aims 47 and 48, conprising neans for

determ ning the health of an underwater el ectrical connector. 50.Condition

nonit g ngdg%?‘za- i i m 4 i : f 1,Ni ng
t he he{aqth 0 F%gqﬁ%ﬁ%g@]g‘é@%%ﬂr@t ?osgl\r%{s?rg?g &o’éé}gb@al ni ﬁgﬂéggﬁgéﬁé{%one
of10 LIthe nelieaoéfiid censumed by an actuation of the valve.

4. Condition monitoring means according to claim 40, wherein the volume determining

means comprises a hydraulic fluid pressure sensor located at each side of the valve.

15 42, Condition monitoring means according to claim 40, wherein the volume determining

means comprises a volume sensor.

43. Condition monitoring means according to any of claims 39 to 42, comprising means for
monitoring the number of valve actuations performed.

20
44, Condition monitoring means according to claim 43, wherein the expert system is

adapted to compare the number of actuations to known life spans of actuator components.

45. Condition monitoring means according to any of claims 39 to 44, comprising means for

25  determining the time taken to fully stroke the actuator.

46. Condition monitoring means according to claim 45, further comprising means for

calculating friction within the actuator using the determined time.

30 47. Condition monitoring means according to any of claims 28 to 46, wherein the component
comprises electronics components for controlling apparatus at the facility, and the condition

monitoring means is adapted to detect and/or monitor failure of the electronics components.



10hydraulic fluid fl ow determ nations; and chem cal injection flow
determ nati ons.

10

26

48. Condition monitoring means according to claim 47, comprising means for sensing at
least one of: temperature; pressure; humidity; current drawn by a component; signal levels; and
voltage at at least one location in the facility.

49, Condition monitoring means according to either of claims 47 and 48, comprising means
for determining the health of an underwater electrical connector.

50. Condition monitoring means according to claim 49, wherein the means for determining
the health of the connector comprises sensors for obtaining at least one of: LIM measurements;
hydraulic fluid flow determinations; and chemical injection flow determinations.



