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(54) Title: INSTRUMENT FOR MEASURING ELECTROMAGNETIC SIGNALS

(57) Abstract: A device for measuring electromagnetic signals is provided, which can be used to take measurements at or near

I~ the sea floor. The device comprises a central housing, a data management system located within the housing and at least two arms
& extending outwards from the housing. Each arm comprises a flexible elongate sheath attached to the housing, a sensor head, a flexible
& electrical cable attached to the sheath and connecting the sensor head to the data management system and a rod which is removeably

locatable within the sheath; the rod is connectable relative to the housing at one end and connectable relative to the sensor head at

O the end remote from the housing.
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Instrument for measuring Electromagnetic signals

The present invention is directed towards instruments for measuring
electromagnetic signals, and particularly, towards instruments for taking
measurements at or near the seafloor during electromagnetic surveying, or “Sea

Bed Logging”.

Sea Bed Logging methods can be used to detect hydrocarbon reservoirs
beneath the sea floor. These methods comprise deploying an electromagnetic
source near the sea floor and measuring the response using receiver instruments
located at intervals spaced across the sea floor. The receiver instruments may
be in the form of long rigid arms carrying electrical sensors, extending from a
central body, which facilitates the detection of low level electrical signals in

sea water.

The method of deploying existing instruments is as follows: the positively
buoyant instrument and an attached concrete anchor are dropped from a survey
vessel at a chosen location; the instrument sinks freely to the sea floor; the
position of the instrument while sinking is monitored by acoustic methods; the
instrument is positioned on the sea floor in a desired location when steady and
the instrument is then used to measure and store data while located on the sea
floor. After the measurements are complete, acoustic commands from the sea
surface cause the instrument to be released from the anchor; the instrument
then floats up to the sea surface for retrieval by a survey vessel and the data are

extracted from the instrument.

The speed and efficiency of deployment and storage of the receiver instruments
affects the overall efficiency of the survey. The mechanical performance of the

instruments also affects the survey results. While instruments are known which
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may be partially disassembled for storage, these require sensor wires to be
disconnected from sensors and data loggers when removing the arms for
storage. This leads to the requirement for a system to track all the individual
arms, sensors and data-loggers, and manage the reconnection back to the
correct channel input. Further, a risk of failure or degradation is introduced

each time a marine electrical connector is opened and reconnected.

Higher degrees of accuracy in sensor positioning are required for new
acquisition techniques, for example, 3D acquisition, as well as being desirable
for improving the accuracy of results obtained from other processing
techniques. Therefore, there is a need to improve the performance of receiver
instruments, in order to improve the accuracy and efficiency with which

surveys may be carried out.

The aim of the present invention is to provide a device for detecting
electromagnetic signals, which minimises drag when moving through water,
and which allows sensors to be positioned with a high degree of accuracy; the
device having arms which are thin, strong, stiff horizontally but flexible
vertically while measurements are being taken, stiff in use but which can be
disassembled without disconnection of wires connecting sensors and data
loggers, flexible and unjointed when the instrument is not in use, and which

minimise vibrations introduced by underwater currents, among other goals.

According to the present invention, there is provided an electromagnetic signal
detecting device, comprising a central housing, a data management system
located within the housing, and at least two arms extending outwards from the

housing, each arm comprising a flexible elongate sheath attached to the

~ housing, a sensor head, a flexible electrical cable attached to the sheath and

277386v1

connecting the sensor head to the data management system, and a relatively
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rigid rod which is removably locatable within the sheath, connectable relative
to the housing at one end and connectable relative to the sensor head at the end

remote from the housing.

During deployment of the device, the rod is located within the sheath,
connected relative to the housing and connected relative to the sensor head,
whereby the sheath and the flexible electrical cable are held in the same
configuration as that of the rod. Preferably, the rod is straight and extends
away from the housing, perpendicularly to the point at which it is connected

relative to the housing.

Preferably, the rod is connected to a bracket located on the housing.
Preférably, each rod is connected to the bracket by a latch connection with a
ferrule located at the end of the rod. Preferably, the ferrule is fabricated from

metal, more preferably stainless steel.

Preferably, when the device is not in use, for example during storage or
transportation, the rod is removed from the sheath and disconnected from the
rest of the device. The rod may then be stored separately from the rest of the
device. The arm may be stored in a coiled or folded configuration close to the
housing, to which the sheath may remain attached. These storage arrangements
minimise the storage footprint of the device. The complexity and duration of
the preparation of the device for deployment after a period of non-use is also
minimised. The preparation simply comprises locating the rod within the
sheath and connecting the rod relative to the housing and relative to the sensor

head.

Preferably, the housing is cuboid in shape. Preferably, the geometrical centre

lines of two arms are parallel and extend outwards from opposite points on the
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perimeter of the housing. Preferably, the arms are approximately horizontal
when the device is deployed. Optionally, the device has four arms, comprising

two pairs of two parallel arms, with one pair orthogonal to the other.

Preferably, the rod is fabricated from fibre glass. Preferably, the rod is
connected to a second similar rod by a connector, to form a twin rod assembly
wherein the rods are parallel when the rods are not connected relative to the
housing. When the first rod is located within the sheath and connected to the
bracket, the second rod is connected to a second bracket located on the
housing. The second bracket is on the same sidewall of the housing and on the
same horizontal plane as the first bracket, but spaced as far apart as possible
from the first bracket. When connected, the second rod stiffens the arm against
horizontal movement and bending, while vertical bending of the arm is not
greatly impeded. This allows the horizontal position of the sensor heads to be

known with greater accuracy and improves the processing of survey data.

When connected to the brackets, the two rods thus form two sides of an
approximate triangle. The ends of the rods are preferably attached into the
brackets perpendicularly to the sidewall of the housing from which the arm
extends, so the sides of the “triangle” formed by the rods are slightly bent into
an “S” shape. This increases the stiffness of the arm and stabilizes the position
of the sensor heads. When the instrument is in use on the sea floor, this also
minimises horizontal vibrations of the arms caused by water streams near the
sea floor. Bending forces prevent certain oscillation modes of the arms which

can be introduced in systems having only one rod per arm.

Preferably, the sensor head is attached to the sheath, and is located at the end
remote from the housing. Preferably, each sensor head comprises one or more

electrical sensors. More preferably, each sensor head comprises two electrical
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sensors. In the case of failure of one of the electrical sensors in a sensor head,

the second sensor can continue to record data.

Preferably, the data management system comprises data loggers and
components arranged to control the positioning and release of the device during
deployment. Preferably, each electrical sensor is connected to one data logger
via the electrical cable connecting the data management system and the sensor

head in which the electrical sensor is located.

Optionally, the device also comprises magnetic sensors located in the housing.

Optionally, there are two magnetic sensors per electrical sensor.

Optionally, the flexible electrical cable is attached to the sheath by a soft braid.
The electrical cable may be attached to the sheath continuously along the
length of the arm, or alternatively, it may be attached to the sheath only at
certain points spaced along the length of the arm. Alternatively, the electrical
cable may be incorporated in the fabric of the sheath.

According to the present invention in its broader sense, there is provided an
instrument for detecting electromagnetic signals, having arms comprising two
removable rods and a flexible conduit, whereby, while the instrument is in use,
the arms are stiff in the horizontal direction and flexible in the vertical

direction, and while the instrument is not in use the arm can be disassembled.

Before the instrument is deployed, the arms are made rigid and straight by
feeding a rod into the sheath. The rods are then fixed to brackets on the main
body of the instrument with individual quick-lock type connections. This

assembly process can easily be conducted as a single person operation. When
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the instrument is not in use, the arms can be disassembled, the rigid rods stored

separately and the flexible conduit stored, or coiled, next to the instrument.

The invention may be put into practice in a number of ways and one
embodiment is shown here by way of example with reference to the following

figures, in which;

Figure 1 is a schematic perspective view of a device according to the invention;
Figure 2 as an enlarged view of a sheath and sensor head, according to the
invention;

Figure 3 is an enlarged view of a twin rod assembly according to the invention.

Figure 4 is a perspective view to an enlarged scale of the connection of a rod to

a bracket according to the invention.

According to the embodiment shown in Figure 1, the instrument comprises an
approximately cuboid logger frame 100 and four arms 104 with integrated
sensor heads 101. The approximate dimensions of the logger frame 100 are 0.7
m x 0.7m x 0.7m.  Each arm is approximately 3.9m in length and extends out
from one of the four sidewalls of the logger frame 100. The sensor heads 101
are located at the end of each arm 104 furthest from the point where the arm
connects to the logger frame 100. There is therefore a distance of
approximately 8m between opposite pairs of sensors heads 101. There is one
pair of sensor heads 101 in each of two directions, the two directions being
approximately orthogonal and horizontal when the instrument is in use during
an electromagnetic survey. Each sensor head comprises two single electrical
sensors. Each single electrical sensor is connected by signal wires to a central

data logger located inside the logger frame 100.
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The instrument also comprises a number of magnetic sensors mounted within
the logger frame. The arms allow the position of each electrical sensor relative

to a pair of magnetic field sensors to be chosen and accurately maintained.

The arms 104 are rigid when the instrument is in use. Each arm comprises a
pair of connected flexible glass fibre rods 102, and when the instrument is in
use, one end of each rod is attached into two spaced brackets on the logger
frame 100. The space between the two brackets depends on the dimensions of
the logger frame and here the two brackets for each arm are positioned at
opposite bottom corners of the side of the logger frame to maximise their
separation. The other ends of each of the two rods 102 are connected at the

sensor head end of the arm.

In each arm, one of the two rods 107 is not located within the sheath, and its
main function is to allow the entire arm to be stabilized in the horizontal
direction while maintaining flexibility in the vertical direction, when the
instrument is in use. The other rod is located in a sheath 103 constructed from
a flexible plastics material. The signal wires (not shown) for each arm extend
between the electrical sensors and the logger frame, and are fastened along the
outside of the sheath, secured by a protective soft braid. The total outer
dimension of each arm is thus minimised. In Figure 1, arm 105 is in a partly

assembled state and arm 106 is in a fully assembled state.

The vertical flexibility of the arms is important as it allows arms to bend safely
when the instrument is sinking towards or rising up from the sea floor. This
also minimises drag forces which increases the speed of the sinking or rising

stage and reduces overall operation time.
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The rod located in the sheath 103 can be removed from the sheath when the
instrument is not in use. The sheath can then be coiled and stored beside the
logger frame without disconnecting the signal wires and sensors. This
minimises the storage space required for the instrument, wear on the electrical

equipment and the time required to assemble the instrument before use.

The pairs of glass fibre rods 102 are all of the same dimensions and thus
interchangeable. They can be stored separately from the logger frame, also

minimising the storage space required.

Figure 2 shows details of an arm according to the invention, in which a rod is
located within sheath 205 and connected to bracket 200 by the pin 206.
Retainers 204 attach the sheath 205 to the bracket 200 and the sensor head 203.

Electrical sensors 201 and 202 are located on the sensor head 203.

Figure 3 shows details of a pair of flexible glass fibre rods which are to be
attached to the frame according to the invention. A connector 301, with a
latch 300 for attaching the connector to the sensor head of an arm, connects the
ends of two flexible glass fibre rods 302, which are terminated at the other ends

with ferrules 303. The ferrules 303 are made of, for example, stainless steel.

Figure 4 shows the way in which the rods of Figure 3 are attached to the frame
or main body of an instrument via a bracket. The rod 402 and its ferrule 403

are releasably retained in a bracket by the pin 401.

The mechanical properties of the arms do not affect the measurement system
itself. However, the arms allow fixed distances and angles between sensors to

be maintained during measurements, thus improving the quality of survey
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results. The arms also fulfil the function of guiding the signal wires from the

sensors to the data logging units in the logger frame.
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. An electromagnetic signal detecting device which comprises

electromagnetic signal detecting instruments borne by arms, wherein
each arm comprises a removable rod and a flexible conduit arranged to

receive the rod.

. An electromagnetic signal detecting device according to claim 1 which

comprises;

a central housing;

a data management system located within the housing;

at least two arms, the arms extending outwards from the housing;
wherein each arm comprises;

a sensor head, the sensor head constituting at least part of the
electromagnetic signal detecting instruments;

a flexible elongate sheath attached to the housing, the flexible
elongate sheath constituting at least part of the flexible conduit;

a flexible electrical cable attached to the sheath and connecting
the sensor head to the data management system; and

a rod which is removeably locatable within the sheath;
wherein the rod is more rigid than the sheath and one end of the rod is
connectable relative to the housing and one end of the rod remote from

the housing is connectable relative to the sensor head.

. An electromagnetic signal detecting device according to any preceding

claim, suitable for use under water.

. An electromagnetic signal detecting device according to any preceding

claim, wherein the rod is straight and extends away from the point of
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attachment relative to the housing, substantially perpendicularly to the

housing.

. An electromagnetic signal detecting device according to any preceding

claim, wherein the rod is connected to a bracket located on the housing.

. An electromagnetic signal detecting device according to any preceding

claim, wherein the rod is fabricated from fibre glass.

. An electromagnetic signal detecting device according to any preceding

claim, wherein each rod is connected to a second similar rod at a point
along the first rod which is remote from the housing, one end of the

second rod being independently connectable relative to the housing.

. An electromagnetic signal detecting device according to any preceding

claim, wherein the number of arms is four, comprising two pairs of arms
which are substantially parallel to each other, one pair of arms being

substantially orthogonal to the other.

. An electromagnetic signal detecting device according to any preceding

claim, wherein the sensor head is attached to the sheath at the end of the

sheath remote from the housing.

10. An electromagnetic signal detecting device according to any preceding

claim, wherein each sensor head comprises one or more electrical

S€nsors

11. An electromagnetic signal detecting device according to any preceding

claim, wherein each sensor head comprises two electrical sensors.
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12. An electromagnetic signal detecting device according to any preceding
claim, wherein one or more magnetic sensors are located in the central

housing.

13.An electromagnetic signal detecting device wherein the flexible

electrical cable is attached to the sheath with one or more connectors.

14. An electromagnetic signal detecting device according to any preceding
claim, wherein the flexible electrical cable is incorporated in the fabric

of the sheath.

15.A method of deploying an electromagnetic signal detecting device
which comprises;
storing the device;
locating the rods within the flexible elongate sheaths, connecting
the rods relative to the housing at one end ‘and connecting the rods
relative to the sensor head at the end of the arm remote from the
housing; and

using the device to detect electromagnetic signals.

16.A method according to claim 15, additionally comprising the step of
positioning the device on or near the seafloor before using the device to

detect electromagnetic signals.

17.A method of deploying an electromagnetic signal detecting device
according to claim 15 or 16, wherein a controlled electromagnetic

source near the sea floor is the origin of the electromagnetic signals.
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