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Development of a Non-Cloggable Subsea Data
Logger for Harsh Turbidity Current Monitoring
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Abstract—Large submarine flows of sediment (sand and mud),
known as turbidity currents, transfer and bury significant
amounts of organic carbon and pollutants to the deep sea
via submarine canyons. They are also significant geohazards,
regularly breaking networks of seabed telecommunications cables
that carry > 99% of global data that underpin the internet.
Despite this, key parameters (notably their sediment concentra-
tion) in these flows are yet to be directly measured in real-time
due to their inherently harsh environment that is unsuitable
for commercial conductivity sensors. To address this issue, a
subsea datalogger (SSDL) is developed with a planar conductivity
sensor head that can measure the sediment concentration within
dense turbidity currents. Unlike conventional sensors, the planar
design of the SSDL’s sensor prevents clogging at high sediment
concentrations, allowing for continuous measurements within
turbidity currents. The conductivity sensor is developed with
a temperature sensor which is measured using an external 16-
Bit ADC which is controlled with a SAMD21 32-Bit ARM
microcontroller. The SSDL measures the temperature and the
conductivity of the seawater once every 4 seconds for over a year.
In an initial device test, the SSDL can record a turbidity current
within the Bute Inlet, Canada. It is found that the seawater’s
conductivity increases with salinity concentration and decreases
with sediment concentration. The SSDL developed here can thus
be used for both conventional subsea datalogging applications
and high turbidity current applications.

Index Terms—Turbidity current, salinity, sediment concentra-
tion, data logger

I. INTRODUCTION

Turbidity currents are density driven, seafloor hugging grav-
ity flows that transport large quantities of sediment to the
deep sea via submarine canyons, making them volumetrically
one of the most important sediment transport process on
our planet. A single turbidity current can transport over ten
times the annual flux of all the worlds’ rivers [1]. They are
responsible for the transport of organic carbon [2] and micro
plastics [3] [4] to the deep ocean, as well as nutrients that
support unique ecosystems in and around submarine canyons.
It is important to investigate these flows as they pose major
hazards to seafloor infrastructure including seafloor pipelines
and telecommunication cables that transmit 99% of global data
traffic [5]. A key remaining question is whether these flows are
dilute sediment suspensions or contain a dense layer at their
base with very different physics. In order to characterise the
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flows of turbidity currents, a sensor must be developed that
can record the sediment concentration for the entire duration
of the event.

Within literature, multiple methods for measuring the sedi-
ment concentration within the ocean have been demonstrated.
Such efforts include satellite sensing [6], [7] where multiple
sensors transfer all the data back to a master controller. Other
methods utilise RFID tags [8] but suffer from poor resolution
and high power consumption. The most conventional method
for measuring high turbid water flows are optical sensors
due to their high accuracy [9], [10]. Despite their accuracy,
these optical sensors require significant calibration to correct
for particle size and density and cannot be used to measure
high sediment concentrations due to sensor saturation [11].
A planar conductivity concentration profiler was presented
in [12] which has been widely used in similar works for
measuring sediment concentration [13], [14]. Despite the small
profile and planar transformer, the system uses multiple sens-
ing channels which will minimise battery lifetime and cannot
be left to operate remotely for long periods of time. As well as
this, the profilers use gold plated contact during measurements
that will slowly corrode over time and are not suited for the
time periods associated with turbidity currents [12].

Here, a new conductivity sensor consisting of a platinum
electrode sensor head is presented. By using a planar conduc-
tivity sensor head, it is possible to measure the seawater’s
sediment concentration without the need for a protruding
geometry, thus preventing clogging. The drawback of a planar
design is that the seawater’s conductivity cannot be calculated
as the sensor dimensions are unknown. To alleviate this, the
conductivity sensor is calibrated based on temperature and
salinity concentration before being deployed.

The SSDL was tested and calibrated within a laboratory
environment using water with different salinity concentrations.
Following testing and calibration, the sensor was deployed in
Bute Inlet, BC, Canada, where it was able to monitor the
suspended sediment concentrations within a turbidity current.
Unlike previous dataloggers, the SSDL developed here does
not show any issues with clogging at high sediment concentra-
tions and measures a monotonic decrease in conductivity with
increasing sediment concentration. The groundwork developed
here provides researchers with a standard method of develop-
ing a conductivity sensor for extreme turbidity currents.

II. SENSOR DRIVING AND SENSING CIRCUITRY

The sensor used to measure the saline water conductivity
consists of two platinum electrodes that are separated by
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Fig. 1: Analogue circuitry consisting of the Wein-bridge oscillator and the peak detector circuit.

1 cm and are encapsulated within a carbon fibre 3D printed
holder. As saline water is conductive, a DC potential divider
circuit could be used to measure the conductivity, although this
requires considerably low voltages to avoid electrolysis of the
contacts. Here, an AC driving signal is used to drive the con-
ductivity sensor in a potential divider configuration (Fig. 1).
The AC signal generated from the Wein-bridge oscillates from
0 to 3.3 V and a 1.65 V regulator is used to generate the offset
voltage for the Wein-bridge and the conductivity sensor. The
AC signal over the conductivity sensor will have an output
voltage given by

Vout = Vin

[
Rcs

R+Rcs

]
(1)

where Vin is the amplitude of the AC signal generated from
the Wein-bridge circuit, R is the series resistor used at the
output of the Wein-bridge and Rcs is the resistance of the
conductivity sensor. After driving the sensor, a peak detector
circuit measures the amplitude of the output voltage. The peak
detector operates through charging an output capacitor that
charges to the peak of input signal. The diode ensures the
capacitor remains charged after the peak of the signal and
the MOSFET discharges the capacitor between measurements.
The Wein-bridge generates an AC signal for a period of 50 ms

before an ADC measures the voltage at the output of the peak
detector. The driving and sensing circuitry contributes to the
majority of the current consumption and so the driving and
sensing time is limited to 50 ms to maximise battery life.

III. CONTROL CIRCUIT

The topology for the SSDL is illustrated in Fig. 2. The
SSDL logger is controlled using the Arduino MKR zero
microcontroller [15]. The MKR zero board uses the SAMD21
Cortex®-M0+ 32-bit low-power ARM MCU and an SD card
holder. The SAMD21 Cortex microcontroller is a 48 MHz 32-
bit microcontroller with a deep sleep power mode that con-
sumes less than 100 µA. Here, the microcontroller measures
the conductivity and temperature sensors using an external 16-
bit ADS1115 ADC. The temperature sensor and conductivity
are measured at 4 s intervals. To reduce power consumption,
the conductivity and temperature data is appended to the
internal SRAM after every measurement and data is only saved
to the SD card once every 4 minutes. A DS3231 precision RTC
records the time of each measurement. The DS3231 RTC uses
an internal temperature compensation circuitry to reduce the
clock drift of the internal oscillator to less than 2 s/year. An
LM35CAZ precision temperature sensor measures the water’s
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Fig. 2: Master control circuit topology including the communication types between each subsection
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Fig. 3: Error in the initial (left) and the corrected (right) resistance measurements from the Wein-bridge and Peak detector
circuitry.

temperature during each measurement [16]. Although other
temperature sensors are available, the LM35 can operate at
3.3 V, does not require external capacitors/resistors and only
requires 30 µs of power to reach a steady state value.

IV. BATTERY LIFE

As covered in previous work, turbidity currents are random
in nature and there can be many months between events [17].
As such, it is important to ensure that the power consumption
of electrical circuit is minimal to ensure the datalogger can
measure data during the entire period of a turbidity cur-
rent [18]. The lifetime of a battery within a circuit can be
estimated as:

L = 0.7
C

I
(2)

where C is the capacity of the battery and I is the mean
current draw. The datalogger is powered using 12 Ansmann
AA batteries with a capacity of 2700 mAh [19]. The 12
batteries were arranged in 4 parallel, 3 series to ensure a
4.5 V supply. The supply to the circuit was regulated using
an XC6206 3.3 V low drop-out regulator with a quiescent
current as low as 1 µA [20]. The current consumption of the
datalogger was measured at less than 1 mA on average, as
such, the datalogger can record data for up to 315 days.

V. INITIAL SENSOR TESTING AND CALIBRATION

Before the SSDL was deployed, the accuracy of the circuit
was measured from 0 to 1 KΩ using fixed value resistors. Each
resistor was measured using the SSDL and was compared
against the 4-wire resistance measurement from a Keithley
2410 sourcemeter. The initial measurement error of the Wein-
bridge can be seen in Fig. 3. The error in the measured
resistance values is less than 4.5% below 1 KΩ. Above 25 Ω,
a clear trend can be seen in the measurement error of the
sensor. To increase the accuracy of the sensor, a correction
factor can be used to scale the measured data. Based on the

initial measurements, the correction factor C can be modelled
using

C =− 5.90× 10−6R3 + 2.23× 10−3R2

+ 2.71× 10−1R+ 7.55
(3)

when the measured resistance is less than 120 Ω and

C = −4.05× 10−6R2 + 1.23× 10−2R− 4.19 (4)

when the resistance is greater than 120 Ω. Using Eq. 3
and 4, the measurement error is reduced to less than 0.5%
for resistances between 50 and 1000 Ω (Fig. 3). Although
there measurement error of the sensor has been reduced,
the correction factor is not calibrated from resistances below
50 Ω or above 1 KΩ. To properly calibrate the sensor, the
full resistance range of the sensor in saline water should be
measured.

A. Saline water testing

To test the salinity response of the conductivity sensor,
the sensor head was placed into water samples with salinity
concentrations of 0, 5, 10, 15, 20, 25, 30 and 34 g/l. The test
was repeated twice in environments with different ambient
temperatures. The water, sensing circuitry, and temperature
sensor were left undisturbed for approximately 24 hours during
each measurement.

The response of the conductivity sensor and the temperature
sensor to saline water can be seen in Fig. 4. The data for
the conductivity measurements with the temperature sensor
outside of the water are not shown as the data for the 25
g/l and 35 g/l are erroneous. The measured resistance of the
conductivity sensor changes with the salinity concentration and
the temperature. The temperature response of the conductivity
probe increases with increasing salinity concentration. The
steep temperature increase at the beginning of the measure-
ments for each water sample is an artefact of each water sam-
ple being stored at elevated temperatures before measurement.
From the data, the measured resistance of the water decreases
with increasing salinity concentration and agrees with data
published within the literature.

Development of a non-cloggable subsea data logger for harsh turbidity current monitoring
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Fig. 4: Measured resistance from the SSDL in air and in different saline solutions with LM35 temperature readings.

The average measured resistance of the conductivity probe
in the saline solutions is plotted in Fig. 5. From the data, it
can be seen that the average ambient temperature significantly
effects the measured resistance of the probe. In high-purity
water and air, the measured resistance of the circuit remains
stable at 5.6 KΩ and decreases with increasing salinty concen-
tration. The average measured resistance of the saline solutions
decreases with decreasing temperature. As the data in Fig. 4
shows that the temperature change does not cause a significant
change in the resistance to the degree that is observed in
Fig. 5, the change in resistance must be attributed to changes
in the driving and sensing circuitry. Further observations of
the circuitry have shown that the ambient humidity effects
the measured voltage within the sensing circuit and so the
circuits should be sealed in future work to correctly calibrate
the sensor.

VI. SENSOR CASING AND INTERNAL STRUCTURE

The watertight enclosure, internal frame with PCB, batteries
and the sensor head can be seen in Fig. 6. The watertight
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Fig. 5: Comparison of the average salinity resistance with the
temperature in and out of the water.

enclosure used for the turbidity current datalogger was the
2” Type II Anodized 6061-T6 Aluminum watertight enclosure
from Blue Robotics [21]. The enclosures come with pre-made
double O-ring end caps ensuring the enclosure can withstands
depths of up to 950 m. The sensor was made using two high
purity (>99.9%) platinum sheets from GoodFellow and have a
separation of 1 cm. The platinum electrodes cannot be bonded
to directly using conventional soldering and so stranded wires
are wrapped around the platinum sheets to make physical
contact. The stranded wires and platinum sheets are sealed
using two party epoxy that provides a water-tight seal and
ensures the stranded wire keeps in physical contact with the
platinum. The LM35 is sealed close to the sensor head within
the enclosure to minimise thermal lag during measurements.
To house the internal electronics and batteries, a mounting
structure was fabricated using a 3D-printer that was then
constructed using 3 mm threaded rods. Each 3D printed
section contained slots for the PCBs and battery holders and
each section was fasted in place using 3 mm hex nuts. The
SD card was mounted using the SD card holder slot from the
microcontroller.

VII. BUTE INLET MEASUREMENTS

The non-cloggable SSDL was deployed in the Bute Inlet,
British Columbia, Canada, 15m above the channel floor from
the 5th to the 16th of September. The recorded resistance and
temperature form the probe is plotted in Fig. 6. From the data,
the temperature of the channel floor maintains a steady 7.5 to
8 C. From the 12th to the 16th a clear correlation between
the water temperature and the measured resistance can be
seen. During the measurements, a clear increase can be seen
in the resistance of the water on 5th which lasts until the
9th of September. An optical back-scatter that was deployed
with the SSDL has confirmed the influx of a large sediment
concentration at these times which correlates to the periods
of increased resistance hear. As the SSDL still needs to be
calibrated for sediment concentration and temperature, the data
here cannot be converted into sediment concentration, although

Development of a non-cloggable subsea data logger for harsh turbidity current monitoring
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Fig. 6: SSDL casing with internal control circuits and power (left) and the platinum sensor head (right) and the recorded data
in the Bute Inlet during the turbidity current (bottom).

it is clear that the sensor is capable of detecting turbidity
currents.

VIII. CONCLUSION

The initial results of a non-cloggable SSDL have been pre-
sented. Controlled salinity concentration experiments demon-
strate that the SSDL is capable of measuring the changes
in salinity concentration and temperature. The salinity con-
centration measurements have shown that the temperature
and humidity must be controlled in order to ensure that the
measurements from the sensor head are not affected. The
datalogger is capable of measuring water conductivity and
temperature once every 4 s for up to 1 year using commercial
off-the-shelf AA batteries. This lifetime can be increased by
reducing the measurement period.

To house the internal circuitry for seafloor measurements,
a 3D printed structure was built to hold the microcontroller
and sensor circuitry. After recording data in the Bute Inlet,
Canada, the sensor was capable of detecting a turbidity current
over the period of 5 days which correlated to an increase in the
measured resistance whilst the temperature remained constant.
In future work, the sensor will be calibrated against sediment
concentration in a temperature controlled environment to en-
sure that the measured resistance can be converted to sediment
concentration.
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