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Description

[0001] The present invention relates to a subsea mod-
ule such as a subsea control module (SCM), manifold
control module or the like.
[0002] Modules such as SCMs are commonly used in
the oil and gas industry. Most have a plate for attachment
to a subsea tree or other structure on which the module
is mounted and an oil filled, pressure compensated en-
closure housing a sealed electronics chamber, a series
of solenoid operated hydraulic control valves and exter-
nal interfaces to process instrumentation. The sealed
electronics chamber is often referred to as a Subsea
Electronics Module (SEM).
[0003] The internal components of the SCM, in partic-
ular the SEM, are designed to operate within specified
environmental conditions. Exposure of the SCM to con-
ditions beyond specified limits can damage the device
and internal electronics.
[0004] EP2592219 discloses using the sensors inside
the SEM, normally only used after installation of the SCM,
during surface transportation.
[0005] WO2014035975 discloses a subsea drilling
system, including a subsea blowout preventer (BOP)
stack including stack sensors; a sensor interface box; a
subsea lower marine riser package (LMRP) connectable
with the BOP stack and including LMRP sensors.
[0006] The inventor of the present invention has no-
ticed that there is little or no environmental data captured
during the installation of subsea modules. As a result, it
is difficult to ensure the integrity of subsea modules, or
should damage occur, the events causing this damage.
[0007] According to a first aspect of the present inven-
tion, there is provided a subsea module as defined in the
claims. Accordingly, there is provided a subsea module
comprising a housing with a subsea electronics module
(SEM) and a logging device; the logging device compris-
ing a battery, a microprocessor and a memory device;
wherein the subsea module comprises a plurality of dif-
ferent sensors connected to or within the logging device,
and outside the subsea electronics module, including:

normally at least one pressure sensor to monitor the
pressure of at least one of the pressure within the
housing, and the pressure outside the housing;
normally a temperature sensor; and,
normally a shock sensor.

[0008] Thus in contrast to EP2592219, the present in-
vention provides sensors outside the SEM, which can
monitor the environment when being deployed subsea,
and powered from the battery. Indeed, a skilled person
would be discouraged from providing a battery in an SEM
because of potential damage (e.g. battery leakage) to
the delicate electronics of the SEM.
[0009] Moreover, EP2592219 teaches that a high pow-
er battery (40W) is required to sense parameters. Simi-
larly, when installed an SEM normally takes 55W to 65W

of power.
[0010] Providing batteries with such power require-
ments would be impractical prior to, and when deployed
subsea during installation.
[0011] The logging device preferably is rated to exceed
the environmental limits that of the SEM. For example,
the SEM may be designed for -18C to +70C. The logging
device may be rated to a least 5C or at least 10C higher
than the upper rating for the SEM, or at least 20C higher.
Optionally, the SEM may be rated to operate at a tem-
perature lower than the SEM, for example by at least 5C
or at least 10C or at least 20C lower. In this way, the
logging device can monitor conditions in the event that
the SEM has been damaged.
[0012] The logging device can also be used in situa-
tions not requiring an SEM, such as being run with tubing
hanger running tools.
[0013] Thus in a second aspect, the invention more
generally provides a module comprising a housing and
a logging device; the logging device comprising a battery,
a microprocessor and a memory device; wherein the
module comprises a plurality of different sensors con-
nected to or within the logging device, including:

normally at least one pressure sensor to monitor the
pressure of at least one of the pressure within the
housing, and the pressure outside the housing;
normally a temperature sensor; and,
normally a shock sensor.

[0014] Further options herein, not relating to SEMs,
are equally applicable to a subsea module/module ac-
cording to the first or second aspect of the invention.
[0015] The subsea module/module normally compris-
es a connector interface, especially wet-mate connector
interface, for connection to an external device, such as
an RS485 connection. There is normally a direct (i.e. not
through the SEM) connection between the wet-mate con-
nector of the subsea module/module and the logging de-
vice. This may be through 2 pins.
[0016] The logging device may be configured such that
when it detects a device on the interface it will wake,
usually for a limited time, to allow data to be sent to the
connected device. After a timeout the logger may be con-
figured to go back to sleep to preserve battery. An ad-
vantage of using the battery for this data offload means
only 2 pins can be used rather than 4, thus freeing up
other pins (which are often at a premium) for other uses.
[0017] A connection is normally provided between the
logging device and the SEM. The SEM connection may
comprise one or preferably both of a power and commu-
nication connection, such as 24DVC and a LAN or Eth-
ernet connection.
[0018] Thus whilst normally connected to the SEM, the
logging device is a discrete device outside of the SEM,
comprising a housing made of, for example, stainless
steel.
[0019] The logging device may duplicate the data re-
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corded by the SEM in the logging devices memory for
example by FTP. The files may contain information such
as subsea module/module inventory data, life count data
or other state of health and alarm data Therefore, as well
as the data recorded by the sensors associated with the
logging device, the additional data from the SEM can be
more readily retrieved from the logging device, as de-
scribed herein, and in the event of failure of the SEM,
this provides a back-up to the data recorded by the SEM.
[0020] Preferably therefore the subsea module/mod-
ule is configured to transfer data from the SEM to the
logging device, optionally periodically, or at other events,
such as on power up.
[0021] The logging device may comprise a timer. The
timer may be a real-time clock.
[0022] The plurality of sensors may include any com-
bination of sensors from: temperature, external pressure
vibration, shock, water ingress, oil pressure and angular
velocity.
[0023] The logging device itself may comprise at least
one sensor, normally a plurality of different sensors, for
example any combination of temperature, shock and vi-
bration. There may be at least one sensor inside the sub-
sea module/module but outside of the logging device and
outside of the SEM, for example water detection.
[0024] The water sensor may be provided proximate
the bottom of the subsea module/module, that is, in the
lower quarter of the housing, especially within 20mm of
the bottom of the housing. There may be two or more
water ingress sensors, and these may be vertically
spaced apart from each other. "Lower" and "vertically"
are relative to the normal in-use orientation of the subsea
module/module.
[0025] A pressure and/or temperature sensor may be
provided inside the logging device to monitor parameters
outside the logging device inside the subsea mod-
ule/module e.g. temperature or pressure typically of the
pressure compensating oil.
[0026] There may be at least one sensor of the plurality
of sensors configured to detect parameters outside the
subsea module/module, for example an external pres-
sure sensor.
[0027] Thus there may be pressure sensor(s) monitor-
ing pressure, usually oil pressure, inside and outside,
usually seawater, of the subsea module/module, and the
differential pressure can be assessed directly or through
the microprocessor.
[0028] The subsea module/module may also comprise
suitable sensors, such as accelerometers or magnetom-
eters, adapted to log the angular velocities of the equip-
ment through the water column to map the descent path.
[0029] In order to save battery demands, a limited
number of sensors may be operable from the battery,
such as internal or external pressure, temperature and
shock.
[0030] The different sensors that may be powered from
the battery can vary depending on requirements. For ex-
ample, temperature and shock sensors can be active dur-

ing transport; temperature, pressure, tilt and/or shock
during installation subsea and water ingress sensor(s)
for a period immediately after installation on the tree or
manifold.
[0031] Other sensors such as water ingress optionally
with salinity, water detection, vibration and differential
pressure between oil in subsea module/module housing
and external environment may default to be powered
down unless installed in the tree.
[0032] Thus, the microprocessor can be configured to
power down sensors and/or logging activity during peri-
ods they are considered less or not useful. In this way
the power demands for the battery can be significantly
mitigated, and its longevity extended.
[0033] The subsea module/module may be configured
such that sensors wake up the microprocessor and/or
memory to record events which exceed a pre-determined
threshold. The events are normally recorded with a date
and time stamp. In this way, battery power can be saved
allowing for longer battery life.
[0034] The subsea module/module may be configured
such that a different logging profile (e.g. logging frequen-
cy and/or particular sensors switch on or off) is activated
when data sensed is indicative of a particular event. For
example, it may be configured such that when the pres-
sure sensor detects submersion of the subsea mod-
ule/module, the pressure and/or temperature (or other)
sensors record more frequently such as 0.2bar changes
all the way to the sea bed (and usually back up when
retrieving the module).
[0035] The shock and/or temperature sensor prefera-
bly remain active whenever battery power in the logging
device allows (or an external power supply is supplied).
The subsea module/module however may default not to
log this data (to save battery power) unless a threshold
value is reached. For example, the shock sensor may
activate the microprocessor and/or memory to log such
an event when a threshold shock is reached, such as
over 2g. Optionally, the temperature sensor may activate
the microprocessor and/or memory to log temperature
data when the temperature differs from the last reading
by a threshold value, such as 5C.
[0036] Similarly pressure sensors (and/or logging of
pressure data) may be triggered during movement from
sea surface to the installation depth based on indicative
measurement, for example a shock reading indicative of
contact with the seabed, and/or increased pressure read-
ing from outside the subsea module/module such as 2
bar at 20m depth. They may be therefore "substantially
active" as they are on and the microprocessor usually
logging for most of the journey subsea through the water
column, once triggered, such as 20m.
[0037] At or towards the installation depth, the water
ingress sensor(s) may be activated and logging started
based on shock and/or pressure or other measurements
reaching a pre-determined threshold.
[0038] The microprocessor may be configured to de-
tect an installation or recovery event based on data from
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at least one of the plurality of different sensors and acti-
vate logging of certain data in response. For example,
when the plurality of sensors comprises a pressure sen-
sor which detects a pressure increase (when moving
deeper for installation) or pressure decrease (when mov-
ing shallower for recovery) outside the subsea mod-
ule/module.
[0039] Other sensors may alternatively, or together
with the pressure sensor or each other, provide data in-
dicative by the microprocessor as an installation or re-
covery event, such as a shock, vibration, angular velocity
and/or position sensor(s).
[0040] In use, the water ingress sensor may be adapt-
ed to take at least two measurements during cooldown
after installation, which can be used to determine if there
is a leak in the subsea module/module and water has
entered the subsea module/module. This could allow the
timing and likely cause of any water ingress to be estab-
lished. Thus for certain embodiments, the water ingress
sensor(s) may be powered up at installation depth. They
may be switched off after a reading is taken at installation
depth. Then powered up intermittently thereafter, such
as at least two more times in the subsequent 24 hours.
If water is detected on the first reading, then it is more
likely due to installation speed. If it is detected later, it is
more likely thermal contraction of compensating oil as it
cools to seawater temperature.
[0041] This can help establish whether the compensa-
tion system (internal pressure) is equalising with the sea-
water hydrostatic head. Optionally, the speed of instal-
lation through the water column can assist this assess-
ment.
[0042] Optionally, the pressure readings may be com-
bined with temperature readings to add depth to the data.
[0043] The subsea module/module may comprise an
alarm function if the microprocessor determines an error,
problem or potential problem, for example, a decent/as-
sent rate in water considered too fast.
[0044] The memory may comprise flash memory. For
certain embodiments, the logging device provides non-
volatile memory capacity for storage of up to two years
of condition monitoring data.
[0045] A set of communications protocols including
FTP, Modbus and/or Telnet may be supported by the
logging device when external power is provided such as
after installation on the subsea tree.
[0046] The housing is typically filled with oil or other
liquid.
[0047] The subsea module/module normally compris-
es a pressure compensation device.
[0048] The subsea module/module may comprise a
plurality of pilot valves typically operated by electronic
signals from the SEM. These can provide hydraulic func-
tions for control of larger bore valves on process piping,
trees and manifolds for example.
[0049] The subsea module/module may be a subsea
control module (SCM), a manifold control module, a sub-
sea router module, a High Integrity Pressure Protection

System (HIPPS) control module or other subsea mod-
ule/module including an SEM.
[0050] The SEM normally comprises interfaces for
connection to external sensors Subsea Instrumentation
Interface Standard (SIIS) level 1, 2 and 3.
[0051] According to a third aspect of the invention,
there is provided a method to log data during installation
of a subsea module, the method comprising

deploying the subsea module as described herein
into water;
moving the subsea module towards a subsea struc-
ture;
installing the subsea module into the subsea struc-
ture.

[0052] Normally the subsea module is provided in a
frame or installation tool during deployment.
[0053] The subsea structure may be, for example, a
tree or a manifold.
[0054] Data from the logging device may be retrieved
before deployment subsea.
[0055] Data from the logging device may be retrieved
after installation in the subsea tree. This data may be
directly from the logger or via the SEM.
[0056] According to a further aspect of the present in-
vention, there is provided a device comprising a wet mate
connector, a device computer and a usually wireless
functionality, the device configured to connect with an
interface on a subsea module/module and offload data
from the subsea module/module.
[0057] The device computer is typically configured to
extract, optionally automatically, data from the logging
device when connected.
[0058] The wireless functionality allows the device to
wirelessly transmit to a further device such as a mobile
device. One advantage is that the mobile device can ap-
pend user and location (GPS) data before sending to a
cloud storage location for immediate view by remote
service personnel. Other information that may be bene-
ficial to gather can also be involved. For example, photos,
service engineer commentary on pre-installation condi-
tion, tree that it is to be installed to, installation vessel it
is being installed from and/or details about the installation
methods being used etc.
[0059] The device is normally a hand-held device.
[0060] The subsea module to which the device can
connect may be any subsea module described herein
such as a subsea control module (SCM), a manifold con-
trol module, a subsea router module or a High Integrity
Pressure Protection System (HIPPS) control module.
[0061] Preferably the data that the device offloads from
the subsea module/module, comprises data from the da-
ta logger.
[0062] The device may have a battery. Optionally, pow-
er may be supplied by or utilised from the logging device.
Similar to as described above, the subsea module/mod-
ule may be configured such that when it detects the de-
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vice on the interface, it will wake, usually for a limited
time, to allow data to be sent to the device. After a timeout
it may be configured to go back to sleep to preserve bat-
tery.
[0063] The device may comprise a single board com-
puter. It is normally provided in a housing.
[0064] The wireless communications for certain em-
bodiments may be Bluetooth or WIFI.
[0065] An advantage of such embodiments is that data,
such as periodic healthy check data, can be conveniently
recovered from the subsea module/module when on land
without separate power supply for the subsea mod-
ule/module or having a laptops with appropriate function-
ality and power supplies e.g. an SCM can need 200 to
900 volts AC power source. The subsea module/modules
can thus be monitored more frequently and more con-
veniently than known systems.
[0066] In alternative embodiments the device may ad-
ditionally or alternatively include longer range communi-
cations device (capable of communicating for at least
half a kilometre), such as a GSM chip, in order to com-
municate with a mobile phone or other such longer range
data network. A positioning device, such as a GPS device
may also be included. The data can then be sent back
during transportation without the need for local interro-
gation.
[0067] Such a device may be integrated with a cover
which is normally provided over an external connector of
a module. The device may be destroyed when immersed.
[0068] Moreover, the device may also use short range
communication techniques to identify nearby equipment
and report this (e.g. serial numbers) back, optionally us-
ing a longer range communications device. For example,
certain pieces of equipment such as sensors, meters,
hydraulic or electric flying leads, connectors etc can be
provided with a small battery (and/or solar powered) and
a local communication device. In this way, inventory con-
trol and delivery can be more accurately monitored during
shipping. Suitable local communications devices include
Wifi, Bluetooth, Zigbee, X10 and/or Z-Wave.
[0069] Such a device with longer range communication
usually includes a battery, although may use power from
the module, for example the data logger battery. Alter-
natively or additionally, it may be solar powered.
[0070] The present invention also provides a subsea
module as described herein and the device as described
herein.
[0071] An embodiment of the invention will now be de-
scribed, by way of example only, with reference to:

Fig. 1 which is a schematic view of a subsea control
module (SCM) in accordance with the present inven-
tion;
Fig. 2 which is a schematic view of the Fig. 1 SCM
connected to a computer; and,
Fig. 3 which is a schematic view of the Fig. 1 SCM
with a connected hand-held device in accordance
with a further aspect of the invention.

[0072] A subsea control module (SCM) 10 comprises
a subsea electronics module (SEM) 20 and a logging
device 30 installed in an SCM housing 12, both immersed
in transformer oil 11, along with a pressure compensation
system 40 connected via tubing 41. The SCM 10 has a
series of solenoid valves 42 connected to respective hy-
draulic connectors 44. The hydraulic connectors 44 are
connected to a subsea tree (not shown) for control of
valves (not shown) or the likes on the tree.
[0073] The logging device 30 is housed in a capped
stainless steel tube comprising a microprocessor 32, bat-
tery 33, a non-volatile memory device 34 and a timer 36.
It is connected to a number of sensors, including oil pres-
sure P1, pressure P2 ported externally through the port
18, vibration V, shock S, water detection sensors W1 and
W2, and temperature sensor T.
[0074] The temperature sensor T is provided inside the
logging device 30 and thermally coupled to its container.
Similarly the pressure sensor P1 is also provided inside
the logging device 30 and ported to outside the logging
device 30.
[0075] Both monitor conditions of the oil outside the
logging device 30, inside the SCM 10. Alternative em-
bodiments may provide the temperature T and/or pres-
sure P1 sensor outside the logging device 30 and con-
nected thereto.
[0076] The differential pressure between oil in the SCM
housing and the external environment can be determined
by comparing the P1 (monitoring internal oil pressure)
and P2 (ported externally of the SCM) pressure readings
or providing a combined pressure sensor to measure dif-
ferential pressure.
[0077] The water ingress sensors W1 and W2 are pro-
vided outside the logging device 30, one normally being
at the bottom of the SCM 10 where it is more likely to
detect any water ingress. By being spaced apart verti-
cally, they can together assess the degree of water in-
gress as it builds up within the SCM 10 from the bottom
up. They are usually sensors to measure the electrical
conductance of fluid in the SCM 10 (or pressure com-
pensation system 40) and the difference in conductivity
of transformer oil, seawater and hydraulic fluid can be
used to more accurately determine water ingress.
[0078] Other sensors may also be provided in the log-
ging device 30 for example to determine orientation using
accelerometers or magnetometers. In this way the SCM
10 can detect if it has been tilted and log the tilt angle,
angular velocity and duration.
[0079] An internal 24V interface 50 between logging
device 30 and SEM 20 powers the logging device 30
when installed.
[0080] Whilst the logging device 30 can use external
power from the SCM 10 when installed on the subsea
tree, it also comprises the internal battery 33 to supply
power for sensing and optionally logging functions during
installation and recovery. Thus, the logging device 30
can operate completely autonomously to monitor and op-
tionally record sensor data using battery power or power
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from the subsea tree via the SEM 20 when available.
[0081] The wet mate interface 47 of the SCM 10 con-
nects to an external device via an RS845 connection us-
ing two pins for a serial interface. This is connected di-
rectly to the logging device 30 via line 48. The data can
therefore be retrieved through a suitable device be-
fore/after launch or in situ (e.g. on an ROV), which could
send the data onwardly via, for example, a Bluetooth or
Wi-Fi connection to a smartphone or laptop computer.
[0082] Fig. 2 shows the SCM 10 connected to a laptop
computer 70 via line 72. A power supply 74 is also pro-
vided. Data from the SEM 20 and/or data logger 30 can
be retrieved normally through lines 46, 48 respectively,
although for certain embodiments the data detected by
one can be relayed via, or stored on, the other.
[0083] Fig. 3 shows a more convenient means of ob-
taining data from the data logger 30. A hand-held data
recovery device 80 is connected to the wet mate connec-
tor 47 of the SCM 10. It includes a battery 84 and single
board computer 82 and wireless connectivity (not shown)
with a mobile device 86.
[0084] Connecting such a data recovery device 80
wakes the data logger 30 for a limited period of time whilst
data can be recovered. The data is sent to the mobile
device and onwards from there if required. Such embod-
iments can conveniently allow a "quick check" on mod-
ules for example in storage, or between the more thor-
ough scheduled checks for the module using a separate
power supply and laptop computer.
[0085] Thus, the microprocessor can be configured to
wake up when connected to an external device and then
shut down when disconnected, thus saving battery pow-
er. Moreover, it can be configured to shut down after a
maximum time is reached, regardless of whether the ex-
ternal device is still connected, the maximum time being
enough to upload all logs or download updated firmware.
[0086] The logging device 30 is installed within an SCM
10 during its assembly. The logging device 30 can begin
logging and recording conditions of the SCM 10 at the
point of its own installation within the module.
[0087] Before installation subsea and during land test-
ing, the data can be accessed to check there is no dam-
age to the SCM 10 caused by surface or air transporta-
tion. Results can also be sent along with GPS coordinates
from a mobile app on a device such as the data recovery
device 80 to a cloud location so the operator can know
the exact location and condition of all modules as soon
as logs are accessed.
[0088] In alternative embodiments (not shown) the da-
ta recovery device may additionally or alternatively in-
clude longer range communications device such as a
GSM chip in order to communicate with a mobile phone
network. A positioning device, such as a GPS device is
also included. In this way, during transportation, the de-
vice can report back data which can allow any problems
with the module to be identified relatively early. This can
prove very useful where delays in transportation and cus-
toms clearance can be considerable. Providing an earlier

indication of a potential fault, can allow this to be ad-
dressed in a more timely fashion, before the device is
tested near the well site, or installed subsea.
[0089] Moreover, such a device may also use short
range communication techniques to identify nearby
equipment and report this back using the longer range
communications device. For example, certain pieces of
equipment can be provided with a small battery and a
local communication device. In this way, the device acts
as a local hub and inventory control and delivery can be
more accurately monitored during shipping.
[0090] To deploy, the SCM 10 is then attached to an
installation frame (not shown) and lowered over side of
a vessel into the water towards a subsea tree (not
shown).
[0091] Data may be obtained on the shock as the sub-
sea module is deployed into the sea. Ideally, this is low-
ered into the sea gently. However inclement sea condi-
tions and/or careless handling can result in a shock to
the subsea module when it contacts the water. Whilst the
known modules have a rating intended to cope with any
such shock, existing systems do not measure this impact.
Accordingly, it is not known if the shock rating for sea
impact is appropriate, nor if faults detected subsea when
installed into the tree (or manifold etc) are a result of a
severe impact with the water.
[0092] Given the increased pressure in water, the sen-
sor P2 will sense an increased pressure (for example 2-3
barg at 20m - 30m) which is indicative of an installation
event, and wake up the electronics to monitor and log
sensor data using the internal battery 33. Pressure, tem-
perature, shock and optionally angle/told are monitored
and logged.
[0093] Using the timer 36 and pressure readings, the
descent rate can be monitored as the SCM 10 is lowered
towards a subsea tree to ensure it does not exceed a
safe level of descent. Alarms can be triggered if the rate
of descent is too high. Alarms (and logged data) are
stored locally. When the SCM 10 is powered up after
installation and in communication with the topside control
system, the installation data and any recorded alarms
can be recovered and analysed.
[0094] The frame carrying the SCM 10 will eventually
land on the subsea tree resulting in a jolt or shock to the
system. This will be detected by the shock sensor S, and
interpreted appropriately by the microprocessor 32 that
the SCM 10 has reached the installation site. Stabilisation
of the internal or external pressure from the pressure
sensors P1/P2 can also determine or confirm this inter-
pretation.
[0095] When the system interprets that it has reached
installation depth, it may be activated to switch on and
optionally log different data. For example, it may switch
on one or more of the W1 and W2 sensors, to check for
water ingress which can be dormant during deployment
from surface to the installation depth in order to preserve
battery power. Optionally the water ingress sensors W1
and W2 can be used periodically (e.g. monthly) under
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battery power if there is a delay in powering up the SCM.
[0096] The SCM 10 can then be installed on the subsea
tree as normal.
[0097] Once installed, the conventional Ethernet con-
nection through the tree provides the main communica-
tion 46 and power interface 45, for example powered with
500V. This allows further sensors in the logging device
30 to be activated through the SEM 20 and further logging
to occur. The internal 24V interface 60 between logging
device 30 and SEM 20 powers the logging device 30.
Therefore, when installed, the internal battery 33 can re-
main largely or completely idle therefore saving power,
or recharged if a rechargeable battery used.
[0098] Once installed, data is also accessible via the
SEM 20 through the connection 46 and onwardly through
a wet-mate connection 47 and the normal umbilical com-
munications (not shown) medium to topside. When con-
nected in this way, the data logging device’s log files may
be retrieved to the surface. If necessary, it would also be
possible to locally connect with the flash storage of the
logging device 30 to recover these files even if the logging
device 30 itself has ceased to function.
[0099] In certain circumstances, an ROV can connect
to the SCM 10 and data and communications recovered
through the ROV.
[0100] Transformer oil within a subsea module ex-
pands and contracts a lot depending on pressure and
temperature. Compensation systems such as the com-
pensation system 40 are designed to maintain the pres-
sure but there is no current way to detect if they maintain
integrity under extreme conditions or the timing of when
any water ingress occurred.
[0101] Accordingly the water detection sensors W1
and W2, for example using conductivity measurements,
can be powered up and data logged on any seawater or
leaked hydraulic fluid present in the SCM 10.
[0102] Such monitoring of any water ingress in the
SCM can continue for up to, for example 24 hours and
at least two more readings, or periodically again at any
defined time period thereafter. Water ingress can occur
after the installation due to the gradual cooling of the
SCM 10 to the surrounding environment causing volume
changes in the oil in particular. This logging of data can
help determine if water ingress is due to the installation
process or thermal cooling of the SCM 10. Being able to
determine whether water ingress is present after instal-
lation or increasing in the time period after installation
can also help understand how the compensation system
40 performs with varying speeds and temperatures at
deployment and recovery. Data recovered will ultimately
lead to better, more optimal product designs. The con-
ductivity measurements using sensor W2 can also be
used to infer how much oil has been lost from the SCM
10 and it can be determined if the displacement of trans-
former oil is due to seawater (e.g. a seal failure of the
housing 40) or hydraulic fluid leak.
[0103] When disconnected from the external power the
logging device 30 will record temperature and shock un-

der battery power (as it would topside). It will also record
that the system has been powered down. Thus a record
of total time under battery can be maintained both to un-
derstand remaining battery life and to keep life counts of
how long the SCM has been powered.
[0104] Other sensors can be configured to activate on
detection of an external pressure change Similar param-
eters can be logged on the return trip being recovered
from subsea as described for the installation trip subsea,
for example pressure, shock, temperature, angle/tilt.
[0105] An advantage of the present invention is that
the logging device is separate from the SEM but inside
the SCM and so in the scenario that the logging device
fails, or the battery leaks during transportation, installa-
tion or use, this has no bearing on the delicate electronics
in the SEM.
[0106] During transport it is useful to know whether the
SCM is exposed to shock (for example being dropped,
potholes, hitting the water surface). Tilting and duration
exceeding 40° would suggest incorrect orientation.
[0107] Certain embodiments of the present invention
are rated to operating at 105C or up to 125C or indeed
up to 140Cwhich is higher than the rating of SEMs. There-
fore, the logging device can outlive the components it is
monitoring and report any environmental conditions that
may have triggered their failure.
[0108] Other vibration events after installation can also
be recorded (for example, in the range 0 to 2khz) for
detection of Vortex Induced Vibration (VIV) (vibration due
to vortexes external to the process pipework), Flow In-
duced Vibration (FIV) (due to produced fluids from the
well e.g. water hammer, gas or liquid slugs), slugging,
choke cavitation, workover etc
[0109] Other shock events can also be recorded, for
example detection of ROV impact, BOP landing etc and
shock exposure at splash zone. Loss/restoration of pow-
er events can also be detected and recorded.
[0110] The logging device 30 can provide recorded da-
ta, alarm indications and a configuration interface to the
connected Supervisory Control And Data Acquisition
(SCADA) systems.
[0111] Improvements and modifications may be made
without departing from the scope of the invention.

Claims

1. A subsea module (10) such as a subsea control mod-
ule (SCM), comprising a housing (12) with a subsea
electronics module ("SEM") (20) and a logging de-
vice (30); the logging device (30) comprising a bat-
tery (33), a microprocessor (32) and a memory de-
vice (34); wherein the subsea module (10) comprises
a plurality of different sensors connected to or within
the logging device (30), and outside the subsea elec-
tronics module (20), including:

at least one pressure sensor (P1, P2) to monitor

11 12 



EP 3 759 309 B1

8

5

10

15

20

25

30

35

40

45

50

55

the pressure of at least one of the pressure within
the housing, and the pressure outside the hous-
ing;
a temperature sensor (T); and,
a shock sensor (S).

2. A subsea module (10) as claimed in claim 1, config-
ured to power down at least one sensor and/or log-
ging activity during periods they are considered less
or not useful.

3. A subsea module (10) as claimed in any preceding
claim, configured such that at least one sensor
wakes up the microprocessor (32) and/or memory
device (34) to record or start to record events after
a pre-determined threshold is reached; and option-
ally wherein the events are recorded with a date and
time stamp.

4. A subsea module (10) as claimed in any preceding
claim, configured such that a different sensing or log-
ging profile is activated when data sensed is indica-
tive of a particular event; and wherein the events are
recorded with a date and time stamp.

5. A subsea module (10) as claimed in any preceding
claim, wherein the temperature sensor (T) activates
the microprocessor (32) and/or memory device (34)
to log temperature data when the temperature differs
from the last reading by a threshold value; and/or
wherein the shock sensor (S) activates the micro-
processor (32) and/or memory device (34) to log
such an event when a threshold shock value is
reached.

6. A subsea module (10) as claimed in any preceding
claim, comprising one or more of:
a timer (36); a vibration sensor (V); a sensor to de-
termine angular velocity; pressure sensors (P1, P2)
to monitor both the pressure within the housing (12)
and the pressure outside the housing (12); a plurality
of pilot valves operated by electronic signals from
the SEM (20).

7. A subsea module (10) as claimed in any one of
claims 1 to 6, comprising a water ingress sensor (W1,
W2) and a timing device (36); and wherein the log-
ging device (30) is configured, such that at or towards
the installation depth the or at least one water ingress
sensor (W1, W2) is activated to sense and log, based
on at least one of: a shock measurement; and a pres-
sure measurement.

8. A subsea module (10) as claimed in any preceding
claim, wherein at least one of a power and commu-
nications connection is provided between the log-
ging device (30) and the SEM (20); wherein the com-
munications connection is provided between the log-

ging device (30) and the SEM (20); and the logging
device (30) duplicates data recorded by the SEM
(20) in the logging device’s memory device (34).

9. A subsea module (10) as claimed in any preceding
claim, wherein there is a direct connection (48) be-
tween an external wet-mate connector interface (47)
and the logging device (30); and wherein the logging
device (30) is configured such that when it (30) de-
tects a device on the external wet-mate connector
interface (47) it will wake to allow data to be sent to
the connected device.

10. A subsea module (10) as claimed in any preceding
claim, wherein the logging device (30) is rated to
exceed a temperature rating of the SEM (20) by at
least 5C.

11. A subsea module (10) as claimed in any preceding
claim, the subsea module (10) being selected from
one of: a subsea control module ("SCM"); a manifold
control module; a High Integrity Pressure Protection
System (HIPPS) control module; a subsea router
module.

12. A method to log data during installation of a subsea
module (10), the method comprising

deploying the subsea module (10) as claimed in
any preceding claim into water;
moving the subsea module (10) towards a sub-
sea structure;
installing the subsea module (10) into the sub-
sea structure.

13. A method as claimed in claim 12, wherein data from
the logging device (30) is retrieved before deploy-
ment subsea or after installation in the subsea struc-
ture.

14. A method as claimed in claim 12, wherein a plurality
of different sensors are substantially active whilst the
subsea module (10) is being moved through the wa-
ter column towards the installation depth; and where-
in shock and temperature and pressure sensors (S,
T, P1, P2) are substantially active and data is logged,
whilst the subsea module (10) is being moved
through the water column towards installation depth.

15. A device (80) comprising a wet mate connector, a
device computer (82) and a wireless functionality,
the device (80) configured to connect with an inter-
face (47) on a subsea module (10) of any of claims
1-11 and offload data from the subsea module (10);
wherein the device computer (82) is configured to
extract data from the logging device (30) when con-
nected; and wherein the device (80) comprises a
long distance hand-held communication device and
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comprises a positioning device.

Patentansprüche

1. Unterwassermodul (10), wie beispielsweise ein Un-
terwassersteuermodul (SCM), umfassend ein Ge-
häuse (12) mit einem Unterwasserelektronikmodul
("SEM") (20) und eine Protokollierungsvorrichtung
(30); wobei die Protokollierungsvorrichtung (30) eine
Batterie (33), einen Mikroprozessor (32) und eine
Speichervorrichtung (34) umfasst; wobei das Unter-
wassermodul (10) eine Vielzahl von unterschiedli-
chen Sensoren umfasst, die mit oder innerhalb der
Protokollierungsvorrichtung (30) und außerhalb des
Unterwasserelektronikmoduls (20) verbunden sind,
einschließlich:

mindestens einen Drucksensor (P1, P2), um
den Druck mindestens eines von dem Druck in-
nerhalb des Gehäuses und den Druck außer-
halb des Gehäuses zu überwachen;
einen Temperatursensor (T); und
einen Stoßsensor (S).

2. Unterwassermodul (10) nach Anspruch 1, das kon-
figuriert ist, um mindestens eine Sensor- und/oder
Protokollierungsaktivität während Zeiträumen abzu-
schalten, in denen sie als weniger oder nicht nützlich
erachtet werden.

3. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, das so konfiguriert ist, dass min-
destens ein Sensor den Mikroprozessor (32)
und/oder die Speichervorrichtung (34) aufweckt, um
Ereignisse aufzuzeichnen oder mit deren Aufzeich-
nung zu beginnen, nachdem ein vorbestimmter
Schwellenwert erreicht ist; und optional wobei die
Ereignisse mit einem Datums- und Zeitstempel auf-
gezeichnet werden.

4. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, das so konfiguriert ist, dass ein
anderes Erfassungs- oder Protokollierungsprofil ak-
tiviert wird, wenn erfasste Daten bezeichnend für ein
bestimmtes Ereignis sind; und wobei die Ereignisse
mit einem Datums- und Zeitstempel aufgezeichnet
werden.

5. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, wobei der Temperatursensor
(T) den Mikroprozessor (32) und/oder die Speicher-
vorrichtung (34) aktiviert, um Temperaturdaten zu
protokollieren, wenn die Temperatur von der letzten
Ablesung um einen Schwellenwert abweicht;
und/oder wobei der Stoßsensor (S) den Mikropro-
zessor (32) und/oder die Speichervorrichtung (34)
aktiviert, um ein solches Ereignis zu protokollieren,

wenn ein Stoßschwellenwert erreicht wird.

6. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, umfassend einen oder mehrere
von:
einem Zeitgeber (36); einen Vibrationssensor (V);
einen Sensor zum Bestimmen der Winkelgeschwin-
digkeit; Drucksensoren (P1, P2) zum Überwachen
sowohl des Drucks innerhalb des Gehäuses (12) als
auch des Drucks außerhalb des Gehäuses (12); eine
Vielzahl von Steuerventilen, die durch elektronische
Signale von dem SEM (20) betrieben werden.

7. Unterwassermodul (10) nach einem der Ansprüche
1 bis 6, umfassend einen Wassereintrittssensor
(W1, W2) und eine Zeitgebervorrichtung (36); und
wobei die Protokollierungsvorrichtung (30) so konfi-
guriert ist, dass bei oder in Richtung der Installati-
onstiefe der oder mindestens ein Wassereintritts-
sensor (W1, W2) aktiviert wird, um zu erfassen und
zu protokollieren, basierend auf mindestens einer
von: einer Stoßmessung; und einer Druckmessung.

8. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, wobei mindestens eine von ei-
ner Strom- und Kommunikationsverbindung zwi-
schen der Protokollierungsvorrichtung (30) und dem
SEM (20) vorgesehen ist; wobei die Kommunikati-
onsverbindung zwischen der Protokollierungsvor-
richtung (30) und dem SEM (20) vorgesehen ist; und
die Protokollierungsvorrichtung (30) Daten dupli-
ziert, die von dem SEM (20) in der Speichervorrich-
tung (34) der Protokollierungsvorrichtung aufge-
zeichnet werden.

9. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, wobei es eine direkte Verbin-
dung (48) zwischen einer externen Wet-Mate-Ver-
binderschnittstelle (47) und der Protokollierungsvor-
richtung (30) gibt; und wobei die Protokollierungs-
vorrichtung (30) so konfiguriert ist, dass, wenn sie
(30) eine Vorrichtung an der externen Wet-Mate-
Verbinderschnittstelle (47) erkennt, sie erwacht, um
zu ermöglichen, dass Daten an die verbundene Vor-
richtung gesendet werden.

10. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, wobei die Protokollierungsvor-
richtung (30) ausgelegt ist, um eine Nenntemperatur
des SEM (20) um mindestens 5C zu überschreiten.

11. Unterwassermodul (10) nach einem der vorherge-
henden Ansprüche, wobei das Unterwassermodul
(10) ausgewählt ist aus einem von: einem Unterwas-
sersteuermodul ("SCM"); einem Verteilersteuermo-
dul; einem High Integrity Pressure Protection Sys-
tem-(HIPPS-) Steuermodul; einem Unterwasser-
Routermodul.
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12. Verfahren zum Protokollieren von Daten während
der Installation eines Unterwassermoduls (10), wo-
bei das Verfahren umfasst

Aufstellen des Unterwassermoduls (10) nach ei-
nem der vorhergehenden Ansprüche in Wasser;
Bewegen des Unterwassermoduls (10) in Rich-
tung einer Unterwasserstruktur;
Einbauen des Unterwassermoduls (10) in die
Unterwasserstruktur.

13. Verfahren nach Anspruch 12, wobei Daten von der
Protokollierungsvorrichtung (30) vor dem Aufstellen
unter Wasser oder nach der Installation in der Un-
terwasserstruktur abgerufen werden.

14. Verfahren nach Anspruch 12, wobei die Vielzahl von
unterschiedlichen Sensoren im Wesentlichen aktiv
sind, während das Unterwassermodul (10) durch die
Wassersäule in Richtung der Installationstiefe be-
wegt wird; und wobei Stoß- und Temperatur- und
Drucksensoren (S, T, P1, P2) im Wesentlichen aktiv
sind und Daten protokolliert werden, während das
Unterwassermodul (10) durch die Wassersäule in
Richtung der Installationstiefe bewegt wird.

15. Vorrichtung (80), umfassend einen Wet-Mate-Ver-
binder, einen Vorrichtungscomputer (82) und eine
drahtlose Funktionalität, wobei die Vorrichtung (80)
konfiguriert ist, um mit einer Schnittstelle (47) an ei-
nem Unterwassermodul (10) nach einem der An-
sprüche 1-11 zu verbinden und Daten von dem Un-
terwassermodul (10) abzuladen; wobei der Vorrich-
tungscomputer (82) konfiguriert ist, um Daten von
der Protokollierungsvorrichtung (30) zu extrahieren,
wenn sie verbunden ist; und wobei die Vorrichtung
(80) eine tragbare Femkommunikationsvorrichtung
umfasst und eine Positionierungsvorrichtung um-
fasst.

Revendications

1. Module sous-marin (10) tel qu’un module de com-
mande sous-marin (SCM), comprenant un boîtier
(12) avec un module électronique sous-marin
(« SEM ») (20) et un dispositif de diagraphie (30) ;
le dispositif de diagraphie (30) comprenant une bat-
terie (33), un microprocesseur (32) et un dispositif
de mémoire (34) ; dans lequel le module sous-marin
(10) comprend une pluralité de capteurs différents
connectés à ou à l’intérieur du dispositif de diagra-
phie (30), et à l’extérieur du module électronique
sous-marin (20), incluant :

au moins un capteur de pression (P1, P2) pour
surveiller la pression d’au moins l’une de la pres-
sion à l’intérieur du boîtier et la pression à l’ex-

térieur du boîtier ;
un capteur de température (T) ; et
un capteur de choc (S).

2. Module sous-marin (10) selon la revendication 1,
configuré pour mettre hors tension au moins un cap-
teur et/ou une activité de diagraphie pendant des
périodes où ceux-ci sont considérés comme moins
ou pas utiles.

3. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, configuré de telle sorte
qu’au moins un capteur réveille le microprocesseur
(32) et/ou le dispositif de mémoire (34) pour enre-
gistrer ou commencer à enregistrer des événements
après l’atteinte d’un seuil prédéterminé ; et éventuel-
lement dans lequel les événements sont enregistrés
avec un horodatage.

4. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, configuré de telle sorte
qu’un profil de détection ou de diagraphie différent
soit activé lorsque les données détectées sont indi-
catives d’un événement particulier ; et dans lequel
les événements sont enregistrés avec un horodata-
ge.

5. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, dans lequel le capteur
de température (T) active le microprocesseur (32)
et/ou le dispositif de mémoire (34) pour consigner
des données de température lorsque la température
diffère de la dernière lecture par une valeur seuil ;
et/ou dans lequel le capteur de choc (S) active le
microprocesseur (32) et/ou le dispositif de mémoire
(34) pour consigner un tel événement lorsqu’une va-
leur seuil de choc est atteinte.

6. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, comprenant un ou plu-
sieurs parmi : une minuterie (36) ; un capteur de vi-
brations (V) ; un capteur pour déterminer la vitesse
angulaire ; des capteurs de pression (P1, P2) pour
surveiller à la fois la pression à l’intérieur du boîtier
(12) et la pression à l’extérieur du boîtier (12) ; une
pluralité de vannes pilotes actionnées par des si-
gnaux électroniques provenant du SEM (20).

7. Module sous-marin (10) selon l’une quelconque des
revendications 1 à 6, comprenant un capteur d’en-
trée d’eau (W1, W2) et un dispositif de synchronisa-
tion (36) ; et dans lequel le dispositif de diagraphie
(30) est configuré, de telle sorte qu’à ou vers la pro-
fondeur d’installation, le ou au moins un capteur
d’entrée d’eau (W1, W2) soit activé pour détecter et
consigner, sur la base d’au moins l’une parmi : une
mesure de choc ; et une mesure de pression.
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8. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, dans lequel au moins
l’une d’une connexion d’alimentation et de commu-
nication est prévue entre le dispositif de diagraphie
(30) et le SEM (20) ; dans lequel la connexion de
communication est fournie entre le dispositif de dia-
graphie (30) et le SEM (20) ; et le dispositif de dia-
graphie (30) duplique les données enregistrées par
le SEM (20) dans le dispositif de mémoire du dispo-
sitif de diagraphie (34).

9. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, dans lequel il existe
une connexion directe (48) entre une interface de
connecteur accouplable sous l’eau, externe (47) et
le dispositif de diagraphie (30) ; et dans lequel le
dispositif de diagraphie (30) est configuré de telle
sorte que lorsque celui-ci (30) détecte un dispositif
sur l’interface de connecteur accouplable sous l’eau,
externe (47), celui-ci se réveille pour permettre l’en-
voi de données au dispositif connecté.

10. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, dans lequel le dispositif
de diagraphie (30) est calibré pour dépasser une
température nominale du SEM (20) d’au moins 5C.

11. Module sous-marin (10) selon l’une quelconque des
revendications précédentes, le module sous-marin
(10) étant l’un sélectionné parmi : un module de com-
mande sous-marin (« SCM ») ; un module de com-
mande de collecteur ; un module de commande du
système de protection contre la pression à haute in-
tégrité (HIPPS) ; un module routeur sous-marin.

12. Procédé pour consigner des données pendant l’ins-
tallation d’un module sous-marin (10), le procédé
comprenant

le déploiement du module sous-marin (10) selon
l’une quelconque des revendications précéden-
tes dans l’eau ;
le déplacement du module sous-marin (10) vers
une structure sous-marine ;
l’installation du module sous-marin (10) dans la
structure sous-marine.

13. Procédé selon la revendication 12, dans lequel les
données du dispositif de diagraphie (30) sont récu-
pérées avant le déploiement sous-marin ou après
l’installation dans la structure sous-marine.

14. Procédé selon la revendication 12, dans lequel une
pluralité de capteurs différents sont sensiblement
actifs tandis que le module sous-marin (10) est en
cours de déplacement à travers la colonne d’eau
vers la profondeur d’installation ; et dans lequel des
capteurs de choc et de température et de pression

(S, T, P1, P2) sont sensiblement actifs et des don-
nées sont consignées, tandis que le module sous-
marin (10) est en cours de déplacement à travers la
colonne d’eau vers la profondeur d’installation.

15. Dispositif (80) comprenant un connecteur accoupla-
ble sous l’eau, un ordinateur de dispositif (82) et une
fonctionnalité sans fil, le dispositif (80) étant confi-
guré pour se connecter à une interface (47) sur un
module sous-marin (10) selon l’une quelconque des
revendications 1 à 11 et décharger les données du
module sous-marin (10) ; dans lequel l’ordinateur de
dispositif (82) est configuré pour extraire des don-
nées du dispositif de diagraphie (30) lorsqu’il est
connecté ; et dans lequel le dispositif (80) comprend
un dispositif de communication portatif longue dis-
tance et comprend un dispositif de positionnement.
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