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Differential Magnetometer System in Support of Space Weather Impact Modelling 

Martyn, T.P., Swan. A.P., Taylor, T.L., Turbitt, C.W 
 
The impact of Geomagnetically Induced Currents (GIC) caused by severe space weather events on ground-based 
infrastructure is a well known phenomenon that, in extreme cases, has led to significant disruption to power supplies and 
technologies. The Space Weather Impact on Ground-based Systems (SWIGS) project comprises four work packages 
directed towards improving understanding and forecasting of GIC; including the impact on infrastructure such as power 
lines, pipelines and railways. The lack of readily available GIC data from network operators presently limits the verification 
of GIC modelling in the UK power grid, hence, the British Geological Survey (BGS) plans to deploy a number of remote 
monitoring sites close to grounded nodes in the UK power distribution network. 
 
The proposed monitor is based on a differential magnetic 
variometer system deployed on the Southern African 
power grid in 2013 & 2015 (Matandirotya, E., et. al. 2016). 
The sites provide proxy measurements of the induced 
currents in the adjacent high-voltage overhead lines. The 
project specification required the recording of time-
stamped one-second samples, transmitting in near real-
time from a set of six sites, self-sufficient in power for up 
to six months. The bandwidth of interest of the study is 
between 10 and 10,000 seconds and the required 
resolution of signal is of the order 1nT. 

 

Figure 1: Schematic of the Differential Magnetometer System 

The final design for each system comprises a Sensys 
FGM3D magnetometer used with an Earth Data EDR209 3 
channel digitiser. Data is transmitted via a Teltonika 
RUT955 4G router and the system is powered by 2x90Ah 
batteries recharged by a 270W solar panel via a charge 
regulator. Temperature stability is achieved by burying 
the magnetometer to a depth of ~1m. To minimise 
development time, the data collection system is based 
around the well established and robust Seedlink protocol 
favoured by seismology. Three data channels (x,y,z) are 
recorded at 1Hz and two auxiliary channels; temperature 
and battery voltage are sampled once per minute. 
The manufacturer specifications of the Sensys FGM3D 
variometer meet the scientific requirements whilst being 
affordable to the project budget. The noise floor and 

Eskdalemuir Observatory using a mu metal shield. The 
impulse response was simulated using an on/off step 
current with a period of 1800s (A. Swan, et. al. 2016). A 
maximum attenuation of -0.1dB was calculated within the 
frequency band of interest. The noise floor was calculated 
over 10 periods of 600 seconds in the shield. The system 

was found to have a noise floor of <0.02nT Hz within the 

frequency 0.1 to 0.5Hz. 

Figure 2: Sensys FGM3G Noise Floor Test performed in a mu metal shield 

To date, systems have been deployed at 3 sites across the 
UK. The systems have been resilient to in-field conditions 
surviving both summer storms and livestock.  The solar 
panel and battery system has been sufficient to return 
batteries to full charge within 45 minutes of sunrise. Over 
a 3-hour period, in certain conditions, a temperature 
variation of >4°C has been recorded. This is outside the 1 
°C / 3 hour specification. Further development to insulate 
the magnetometer is required. 
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Effect of Space Weather observed in the Czech oil pipeline network 

Pavel Hejda, Josef Pek 
 
Buried pipelines are equipped with a cathodic protection system which keeps the pipeline at a negative potential of about 
1 to 2 volts in relation to the ground, in order to prevent corrosion. The pipe to soil voltage is monitored at cathodic 
protection stations. As the pipelines are long electric conductors they respond to geomagnetically induced currents (GIC). 
The impact of geomagnetic disturbances on the pipe to soil (PtoS) voltage was studied, based on the data from 20 stations 
on the Czech pipelines recorded in the period 2005  2017. Whereas the signal of strong magnetic storms is quite 
pronounced in some stations, it was often overprinted by technical disturbances, like strange currents by DC supplied 
railways. 
 
The strong effect of Halloween geomagnetic storms on 
the GIC in the Czech oil pipelines was demonstrated by 
Hejda & Bochn (2005). In the present work we report 
a systematic study based on the data recorded in 20 
stations on the Czech pipelines in the period 2005  2017.  
 
The primary test was based on comparison of the PtoS 
voltage with the plane wave model of the geoelectric 
field. We assumed that large range of geoelectric field E 
should bear large range of PtoS voltage. Relation between 
daily maxima of hourly ranges of E and PtoS voltage was 
thus tested. However, the results showed significant 
relation only on 3 of 20 stations.  
 
The test thus indicated that 

 either the most parts of pipelines are insensitive 
to the changes of geomagnetic field  

 or there are other stronger sources of 
disturbances of PtoS voltage. 

To understand better this phenomenon, E and PtoS 
variation for the most disturbed days was inspected. The 
case of 17

th
 March 2015 is presented below. 

 

 
Figure 1: Plane wave model of horizontal components of geoelectric field based on 

the observations of geomagnetic field at Budkov Observatory on 17
th

 March 2015 

 
It showed out that the geomagnetic signal was mixed with 
technical disturbances. They include strange current 
generated by DC powered railways, industrial and urban 
noise, crossing with other pipelines, etc. The recorded 

PtoS voltage can be also influenced by the quality of 
pipeline coating. One must further take into account that 
the cathodic protection system works for recovering the 
original state (especially in case of changes towards 
positive PtoS voltage). 
 
Two examples are shown. Station MLV29 is situated in a 
magnetically quiet place close to German boundary. 
Station M1604 is close to the DC supplied railway east of 
Prague. In this case the PtoS voltage monitors the traffic 
on the railway. 
 

 
Figure 2: PtoS voltage recorded at stations MLV29 and M1604 on 17th March 2015 
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