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of the Invention The present invention relates to nonitoring of undesirable
fluid ingress into subsea control nodul es. Background of the Invention 10
The hydraulic and el ectronic conponents of a subsea well, such as a

hydr ocarbon extraction well, are typically housed in a seal ed vessel terned
a subsea control nodule (SCM, |ocated on a Christnmas tree which is nounted
on the sea bed above the well bore. An SCMis, typically filled with
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wi t hst and h| h Eressures and provide a first |ine of defence for the
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hydraul i c nanlfolds directional control valves and a subsea el ectronics
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mal functl of the 20 control erators
st or 1 cal 19 ProsadbRaRAE F8S KT gIBp BRaseabl® T8 rRipes P eakees SREiok i s
Wi | | resulniodufescorrosi on of the conponents in the SCM and possible failure

of the systemearlier than expected. Existing arrangenents consist of sets
of netal electrode pairs nounted on an insulating 25 panel or a netal franme

wi t h i nsulBackargundsfding bvenmtioni n t he SCM typically four, at equal intervals
bet weqp the bottom and the top, each connected to an operational anplifier
via a low voltage source and a series resistor, thus enabling the detection
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V. 25 panel or a metal frame with insulating inserts within the SCM, typically four, at equal
intervals between the bottom and the top, each connected to an operational amplifier via a
low voltage source and a series resistor, thus enabling the detection of the presence of
the ingress of electrically conductive sea water, and, in a crude manner, the degree of
displacement of the original oil filling. A typical application of the technique is illustrated

30  diagrammatically in Fig. 1 in which a casing 1 of an SCM is shown as a transparent outline
to show an electrically insulating panel 2, mounted on the base 3 of the SCM, with pairs 4
of electrodes mounted on it. Fig. 2 shows circuitry 5 around an operational ampilifier 6,
typically housed in the SEM within the SCM, to which the electrode pairs, are connected.

Since the resistance across a pair of electrodes when in contact with sea water is very



10 Li kewi se, further ingress of sea water reaching the remaining el ectrode
pairs will result in the output 17 rising to 1/2 V, 3/4 V and V
respectively as the contacts 9, 10 and 11 becone effectively closed. Thus,
a crude indication of the sea water ingress |level is obtained by the

el ectronic circuitry of the SEMreading the output 17 of the circuit 5 and
transmtting the information topside, as a digitised version of the

anal ogue signal, to the well operator, 15typically via the well unbilical,
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15  typically via the well umbilical, as part of the well housekeeping/ diagnostic telemetry.

A problem with the existing technique is that it is unable to detect the ingress of hydraulic
fluid into the SCM resulting from a leak in the hydraulic system in the SCM. Currently, a
well operator has relied on hydraulic fluid leak detectors at the fluid source but these
20 cannot confirm whether the leak is actually within the SCM. A further problem is that

current flow through the electrode pairs results in their corrosion.

This invention enables the detection of both the ingress of sea water and hydraulic fluid in
the SCM and provides a better indication of the degree of ingress, and reduces corrosion

25 of the sensing electrodes.

Recent measurements have been made in the laboratory of the change in conductivity of
the insulating oil in an SCM with contamination by the hydraulic fluid used for the well
control system, which is a glycol based trans-aqua fluid. Results show that the
30 conductivity of the contaminate in the oil is much less than that due to sea water and thus
the existing contamination detection technique described before was not sensitive enough
to be able to detect the ingress of trans-aqua fluids. Measurements have also shown that
sea-water and trans-aqua hydraulic fluid (glycol) in insulating oil result in an immiscible

fluid with both contaminants having a greater density than the oil. Thus, ingress of these



contam nants di splaces the transformer oil fromthe base of the SCM
upwards. This invention provides an inproved nethod for the nonitoring of
undesirable fluid ingress into an SCMto enabl e detection of the ingress of
trans-aqua hydraulic fluid as well as sea water, whilst still providing a
zoned neasure of the degree of ingress and using a variety of nethods of
nmeasur enment whi ch al so reduces, substantially, corrosion of sensing

el ectrode pairs. Summary of the Invention 10According to the present
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casi ng. PF@F@P%%P?S there is a plurality of such arrays on the base of t he
casing, each of which, for exanple, is at or near 20a respective corner of

the casing., Preferably, there is such an array di sposed on a side wall of
t he casing&ﬁﬁgﬂ¥8£®$¢§§mhlkone of the side wall. In this case, said array
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15  which each electrode of the pair has finger portions interleaved with finger portions of the

other electrode.

There could be at least one such array on a base of the casing. Preferably, there is a
plurality of such arrays on the base of the casing, each of which, for example, is at or near

20 arespective corner of the casing.

Preferably, there is such an array disposed on a side wall of the casing and covering a
zone of the side wall. In this case, said array disposed on a side wall could cover a lower
zone of the side wall, which array, for example, also covers a portion of the base of the

25 casing. Said portion of the base of the casing could be at or near a corner of the casing.

Preferably, there is at least one further such array after said array disposed on a side wall
of the casing, the or each further such array covering a respective zone up the side wall of
the casing.

30
Said at least one electrical characteristic could comprise at least one of resistance and

capacitance.

Preferably, the or each array is disposed on a mat of electrically insulating material.



Preferably, the or each array is disposed on a mat of electrically
insulating material. Preferably, said electronic neans is provided by a
subsea el ectronics nodul e of the control nodule. According to the present

i nvention from anot her aspect, there is provided a subsea control 5 nodule
having a casing inside which there are a plurality of electrode pairs,
there being el ectronic neans connected with the el ectrodes of each pair for
nonitoring at |east one electrical characteristic bet ween the el ectrodes of
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IS provi def'gspaecﬁ\%b§8@e up a side wall of the casing, said electronic control means being
connected with the electrodes of each of the further electrode pairs.

15  Preferably, for both aspects of the invention, the electronic means applies a signal
between the electrodes of the or each pair of electrodes for selected periods of time at

selected intervals.

A module according to the invention could include pressure sensing means for sensing
20 the pressure of fluid in the casing for use in providing an indication of an increase in

pressure due to fluid leakage within the casing.

A module according to the invention could include release means for releasing fluid from
the casing in response to an increase in fluid pressure within the casing above a
25 threshold.

There could be a flowmeter coupled with said release means for providing an indication of

the release of fluid.

30 According to the present invention from a further aspect, there is provided a subsea
control module having a casing inside which there is at least one electrode pair, there
being electronic means connected with the electrodes of the or each pair for monitoring at
least one electrical characteristic between the electrodes of the pair as a result of a fluid to

which the electrodes are exposed, wherein said electronic means applies a signal



control nodul e having a casing inside which there is at |east one el ectrode
pair, there being electronic nmeans connected with the el ectrodes of the or
each pair for nonitoring at |east one electrical characteristic between the
el ectrodes of the pair as a result of a fluid to which the electrodes are
exposed, wherein said electronic neans applies a signal between the
el ectrodes of the or each pair of electrodes for selected periods of tine
at selected intervals. According to the present invention fromyet a
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nodul e f orselgSEedMeNASyi di ng an i ndication of an increase in pressure due to
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Description_of e Drawings 15Fig.. 1 illustrates a prior art syst Fi g.
T ot §at <8589 AL e P PGk b Bienaer R RRRGH 4 oregte Binesl ol 3 oo
a syst em docdeakagg witbinghe eadadi ment of the invention; Figs. 4, 5 and 6
illustrate forms of circuitry for use with the systemof Fig. 3; and Fig. 7
shows how pressure rel ease neans can be provided. 20 Detail ed Description
of the | nVagbiding. toRed erasentgnventibn dgrom3yet tahfartherdaspedu tere isqubvidetba pabsen of

the Syt e'@oﬂfrol':rh&julelin@m&in{; ‘?Qé@é&%ﬂeé{ﬂstfﬁr releasing fluid from a casing of the module in

response to an increase in fluid pressure within the casing above a threshold.

Brief Description of the Drawings

15  Fig. 1 illustrates a prior art system;
Fig. 2 illustrates circuitry for use with the system of Fig. 1;
Fig. 3 illustrates a system according to an embodiment of the invention;
Figs. 4, 5 and 6 illustrate forms of circuitry for use with the system of Fig. 3; and
Fig. 7 shows how pressure release means can be provided.
20

Detailed Description of the Invention.

Referring to Fig. 3, the individual electrode pairs of the system of Fig. 1 are replaced with
electrode pairs, in each of which each electrode of the pair has finger portions interleaved
25 orinterlaced with finger portions of the other electrode to form an electrode array. The
arrays are on an electrically insulating mat 18, typically mounted on the internal base 3 of
the casing 1 of the SCM and extending up a side wall of the SCM. Typically, each array is
printed in copper on to a flexible printed wiring board and then gold plated for protection
against corrosion, the board being mounted on a frame. The mat is divided into four
30 sections, a lower section with a first electrode array 19, including a horizontal portion 19a
on an electrically insulating mat on the base 3 at or near a corner of the casing 1, and a
vertical portion, with the latter rising to a quarter of the height of the SCM. The other three
sections have respective electrode arrays 20, 21 and 22 and cover half, three quarters
and the top quarter of the height of the SCM, resulting in four vertical detection zones.



el ectrode pairs, in each of which each el ectrode of the pair has finger
portions interleaved 25 or interlaced with finger portions of the other

el ectrode to forman electrode array. The arrays are on an electrically
insulating mat 18, typically nounted on the internal base 3 of the casing 1
of the SCM and extending up a side wall of the SCM Typically, each array
is printed in copper on to a flexible printed wiring board and then gol d
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5 differential amplifier 33. Since the resistance between the el ectrode
pairs on mats resulting fromhydraulic fluid ingress is nmuch greater
(kilohnms) than that resulting fromsea water ingress (tens of ohns), the
val ue of the measuring resistor 27 is nuch greater than the resistor 31 to
produce a greater detection circuitry gain. Al though the ingress of
seawater will swanp the hydraulic fluid ingress detection circuitry, this
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20o0perator. An alternative or additional nethod of nonitoring | eakage of
hydraulic fluid into the SCM to provide even greater corroboration of the
el ectrical detection nethod, is to fit a differential pressure rel ease
valve and a flowreter to the SCM casing as illustrated in Fig. 25 7. The
pressure rel ease valve 44, is set, typically, to open when the pressure in
the SCM exceeds the external environnmental pressure by 5 psi, resulting
froma hydraulic fluid | eak. \Wen the valve 44 opens the flow of Iiquid

fromthe l@ﬁ%"% OsHo\S E”Mbéko%ggbtntm ﬂgtaﬁ% flePhetiitR bt %\-%%ﬂ 4§han§’@

el ectrica ut  I's connect monitoring tel efetry system
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pair of The array 19 is selected by isolator switches 38 and 39 and different zones can be
monitored by further isolator switches selecting the arrays. Again, the arrays 19, 23, 24
10 and 25 are typically connected in parallel to the conditioning and detection circuitry and
treated as one array, and monitoring of other zones achieved by selecting the arrays 20,

21 and 22 by additional isolator switches.

Leakage of hydraulic fluid in the SCM results in an increase in pressure within the outer
15 casing 1. This can be monitored, typically, by a diaphragm type pressure sensor 43,
mounted on the wall of the SCM outer casing 1, and connected to the SEM within the
SCM and its output also fed into the well monitoring telemetry system. The detection of
hydraulic fluid ingress by the methods described above can thus be supported by a
change of pressure, giving greater confidence of the detection process to the well

20  operator.

An alternative or additional method of monitoring leakage of hydraulic fluid into the SCM,
to provide even greater corroboration of the electrical detection method, is to fit a
differential pressure release valve and a flowmeter to the SCM casing as illustrated in Fig.

25 7. The pressure release valve 44, is set, typically, to open when the pressure in the SCM
exceeds the external environmental pressure by 5 psi, resulting from a hydraulic fluid leak.
When the valve 44 opens the flow of liquid from the SCM to the environment is detected
by the flowmeter 45, whose electrical output is connected to the well monitoring telemetry
system, thus advising the well operator to a fluid leak.

30

Advantages of using the Invention

The key advantage is that the invention permits detection of hydraulic fluid leakage within
the SCM in the absence of sea water ingress, and provides an indication of the degree of



el ectrodes, there being electronic neans connected with the el ectrodes of
the or each pair 5 for nonitoring at | east one electrical characteristic
between the electrodes as a result of a fluid to which the el ectrodes are
exposed, wherein the or each pair of electrodes conprises an array in which
each el ectrode of the pair has finger portions interleaved wth finger
portions of the other electrode. 102. A control nodule according to claim1,
wherein there is at |east one such array on a base of the casing. 3. A
control > j : j ki j | ; i such
arraye on ' Reop RARRCkIPhiLS of Bl il ShGhEL SEP Peida TR IR Hinhierd

clai m 3, ieleeisn Fegbermsre §wi sysighudeibets yneongrege A saar wgtsr aswall- Gprrerert ofa
respecti VQh&Qétﬂé’cronc@ie&r_ﬂ@e&i@%!segfjn@llfeiﬁﬂﬂét&&’.' nodul e according to any
preceding claim wherein there is such an array 20di sposed on a side wall

of the casing and covering a zone of the side wall. 6.A control nodule
accordisng to claim5, wherein said array di sposed on a side wall covers a
| oner zone of the side wall. 257. A control nodul e according to claim 6,

wherein said array di sposed on a side wall also covers a portion of the
base of the casing. 8. A control nodule according to claim7, wherein said
portion of the base of the casing is at or near a corner of the casing.



30 9. A control nodule according to any of clains 5 to 8, wherein there is
at |l east one further such array after said array di sposed on a side wall of
the casing, the or each further such array covering a respective zone up
the side wall of the casing. 10. A subsea control nodul e having a casing
i nside which there are a plurality of electrode pairs, there being

el ectroni c neans connected with the el ectrodes of each pair for nonitoring
at | east one electrical characteristic between the el ectrodes of the pair
as a resuuﬂal a fluid to which the el ectrodes are exposed, wherein said
electrode-parrs are 5di sposed on a base of the casing. 11. A control
nodul e according to claim10, wherein there are a plurality of further

el ectrode (pai r sxfb%gg' c%tr&f"ﬂ’lo@hle%\fﬁb% ésfnﬁsfrﬁ%.‘?dét Wiigh FHRASIsWR Iésﬁbﬁ@péﬁf' of
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provi ded B{O8r R Cf'fg frodul e of the control mpdule. 20 15. A
control nDduIe according to any precedlng claim wherein said electronic
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control nuohdse clithearadingg t 0 any pr ecedl ng claim including pressure sensing

3. A control module according to claim 2, wherein there is a plurality of such arrays
on the base of the casing.

15
4, A control module according to claim 3, wherein each of said plurality of such arrays

is at or near a respective corner of the casing.

5. A control module according to any preceding claim, wherein there is such an array
20 disposed on a side wall of the casing and covering a zone of the side wall.

6. A control module according to claim 5, wherein said array disposed on a side wall

covers a lower zone of the side wall.

25 7. A control module according to claim 6, wherein said array disposed on a side wall

also covers a portion of the base of the casing.

8. A control module according to claim 7, wherein said portion of the base of the
casing is at or near a comer of the casing.

30
9. A control module according to any of claims 5 to 8, wherein there is at least one
further such array after said array disposed on a side wall of the casing, the or each

further such array covering a respective zone up the side wall of the casing.

10



means for sensing the pressure of fluid in the casing for use in providing
an indication of an increase in pressure due to fluid | eakage within the
casing. 17. A control nodul e according to any preceding claim including
rel ease neans for 30releasing fluid fromthe casing in response to an
increase in fluid pressure within the casing above a threshold. 18. A
control nodule according to claim17, including a flowreter coupled with
said rel ease nmeans for providing an indication of the rel ease of fluid.

10. A subsea control module having a casing inside which there are a plurality of
electrode pairs, there being electronic means connected with the electrodes of each pair
for monitoring at least one electrical characteristic between the electrodes of the pair as a
result of a fluid to which the electrodes are exposed, wherein said electrode pairs are

5 disposed on a base of the casing.

11. A control module according to claim 10, wherein there are a plurality of further

electrode pairs, each of which covers a respective zone up a side wall of the casing, said

electronic control means being connected with the electrodes of each of the further
10  electrode pairs.

12. A control module according to any preceding claim, wherein said at least one

electrical characteristic comprises at least one of resistance and capacitance.

15 13. A control module according to any preceding claim, wherein the or each array is

disposed on a mat of electrically insulating material.

14. A control module according to any preceding claim, wherein said electronic means
is provided by a subsea electronics module of the control module.

20
15. A control module according to any preceding claim, wherein said electronic means
applies a signal between the electrodes of the or each pair of electrodes for selected
periods of time at selected intervals.

25 16. A control module according to any preceding claim, including pressure sensing
means for sensing the pressure of fluid in the casing for use in providing an indication of

an increase in pressure due to fluid leakage within the casing.
17. A control module according to any preceding claim, including release means for
30 releasing fluid from the casing in response to an increase in fluid pressure within the

casing above a threshold.

18. A control module according to claim 17, including a flowmeter coupled with said

release means for providing an indication of the release of fluid.

11



