
Estimating depth, location and the current using magnetic 
field models

Various methods can be used to estimate the parameters of interest such as depth of burial and location. It is possible 
to  use a semi-empirical method based on Quasi-Analytic Signal (QAS) [3], converting complex total field signatures into 
simpler bell-shaped QAS anomalies and then apply a modified half  width  rule.  However using Analytic Signal 
approach removes specific features of the anomalies and makes it difficult to distinguish between different cable 
configurations. For instance, if QAS is used exclusively, all qualitative signatures presented on would be reduced to a 
simple “hill” positive type anomaly which makes it’s difficult to recover cable geometry. Because of this we explore the 
direct total field modeling technique which means the raw observed field should be fit to an approximation model; the 
parameters of that model  deliver desirable cable positions and depth.  We use two very simple models: magnetic field of 
a single infinite wire and two closely located wires carrying currents in opposite directions. 

The magnetic field amplitude of a single long wire is given by [1]

     (1)

where T is the amplitude of the magnetic field anomaly in gauss (105 gammas = 1 gauss = 1 oersted),  i  the current in 
amperes and r  is the distance in centimeters between the wire and the point of measurement. In a similar equation to the 
single wire example, the field amplitude for two parallel currents at distances much greater than wire separation is (r >> 
d, i is current in amperes):

(2)
 
The formulas above deliver only amplitudes of the anomalous field, and need to be projected onto direction of the Earth’s 
magnetic field, similar to figure 5.  

Given the relatively short length of the profiles (200 – 300 m) this can be done with the linear term:

      (3)

Where  x is the distance along the profile, a is scaling coefficient and DC  is a constant term.

Using these formulas the inversion proceeds as follows:
1.Select those data from the profile that clearly recorded cable anomaly. Use either channel because they are very close to 

each other.
2.Compute the direction of the profile and calculate coefficients   using inclination and declination of Earth’s magnetic 

field.
3.Use a non-linear optimization technique to match expressions (3) or (4) with observed magnetic field. If the fit is good 

accept the terms   as location parameters.
4.Correct   to the depth below the seafloor using the TVG altimeter.
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Abstract

High Voltage Direct Current (HVDC) technology is widely used to transmit electrical power over 
considerable distances using submarine cables. The most commonly known examples are the HVDC cables 
between Italy and Greece (160 km), Victoria-Tasmania (300 km), New Jersey – Long Island (82 km) and the 
Transbay cable (Pittsburg, California – San-Francisco). These cables are inspected periodically and their 
location and burial depth verified. This inspection applies to live and also idle cables when it is necessary to 
locate pieces of a dead cable for subsequent removal from the seafloor.

A detectable magnetic field is generated by electrical current flow through submarine power cables; most 
HVDC cables produce a large constant magnetic field. Therefore we should expect that one of the best survey 
tools is a Marine Total Field Magnetometer. We present mathematical expressions of the expected magnetic 
fields and compare them with fields observed during actual surveys. We also compare these anomalous fields 
with magnetic fields produced by other long objects, such as submarine pipelines.
To process the data we use direct modeling of Total Magnetic Field, which allows estimation of the cable 
parameters such as position and depth, and to distinguish between live and idle cables.  

Use of a Transverse Gradiometer (TVG) dual magnetometer system allows for easy discrimination 
between cable and pipe line objects. Considerable magnetic gradient along the object is present in the case of 
a pipeline whereas there is much less  gradient  generated by a DC power cable . Thus the TVG 
measurements can be used to validate assumptions made during the data interpretation process. 
Data obtained during the TVG surveys suggest that the magnetic field of a live HVDC cable is described by 
an expression for two infinite long wires carrying current in opposite directions.

Basic facts about “Neptune” project

“Neptune” is a 600-MW (500 kV) HVDC submarine electric transmission cable which connects power generation 
plants in New Jersey to the consumers on Long Island. The cable construction began in June 2005 and was 
completed in June 2007.
The cable is a Mass Impregnated type which means it is insulated with special paper, impregnated with high a 
viscosity compound, and covered with steel jacket. 

Figure 1 Cable cross section from publication [2].  It can be seen that the cable consists o f a main conductor, a 
smaller diameter metal return cable and fiber-optic service cable. The conductor separation, important for 
modeling below, is estimated to be 11.5 cm. Cables are bundled together and buried in the trench approximately 1.8 
m deep. 

Figure 2 Electrical schematic of HVDC “Neptune” cable. This type of cable is called Monopole cable with metallic return. 
In the ”Neptune” cable the return is laid down with the main cable, but it is smaller in diameter. This arrangement implies 
that return current could be less than main current, with the remaining unbalanced current returning through the earth. This 
means that cable will not be balanced and will likely produce considerable magnetic field while under power. 

Below we present typical magnetic signatures related to submarine HVDC cable in general and to the “Neptune” cable in 
particular. 

Figure 3 Geographical location of the “Neptune” cable. The cable spans  82 km, with a 61 km 
submarine section.

The Surveys and the Equipment

There were two magnetometer surveys conducted over the “Neptune” cable. The first was in March 2009 soon after cable 
was commissioned.  The second was conducted in May 2013. In the first survey two “Geometrics” high sample rate (10 
Hz) model G-882 magnetometers where towed on separate cables from each side of the survey vessel providing a 5 m 
transverse tow separation. The 2013 survey used a “Geometrics” Transverse Gradiometer (TVG) which consists of two 
cesium vapor magnetometers operating at a 10 Hz rate, with a sensor separation of 1.5 m, as shown on Figure 4.

High-accuracy differential GPS with “Hypack” navigation software and Geometrics “MagLog” logging software were 
used during the surveys to accurately navigate and position locate the magnetometers.  The survey line separation was 
500 m for both 2009 and 2013 surveys, and the survey lines were ran over the same places.

Figure 4  Left: "Alpine Seismic Survey" R/V Shearwater. The left top corner shows deployment of 
TVG during 2013 survey. Right: Geometrics"Ttransverse  Gradiometer (TVG) annotated.

Qualitative treatment of electric current total field 
signatures

It is well-known that a single infinite uniform electric current produces a magnetic field which can 
be described by the Biot–Savart law. The lines of force in this case are circular and the magnetic field 
intensity is inversely proportional to the distance to the wire.  However to properly model the field 
measured by the total field magnetometer one needs to take into account direction of the Earth’s 
magnetic field.  Assuming that the DC electrical current field is much less then Earth’s magnetic field, it 
can be shown that total field sensor measures an anomalous field projected onto the direction of Earth’s 
field [1]. For simplicity we assume here that the Earth’s magnetic field is vertical, since it is close to 
vertical in North America.

Consider picture 5, A.  The current in the middle is directed out of the page.  The lines of force are 
shown as circular. In the left part of (A) the lines of force are parallel to the Earth’s magnetic field; 
therefore they are adding up to the Earth’s field and magnetometer should record the increase, or 
positive anomaly.  On the right side lines of force are opposing the Earth’s magnetic field and therefore 
the magnetometer will show decreased field strength. Directly above the electrical wire the magnetic 
lines of force are perpendicular to the Earth’s field and therefore there will be no change in the 
magnetometer readings.  The resulting qualitative magnetic signature is shown above (A).   

Similar reasoning can be applied to the two electrical current diagrams as shown in 5, (B). Here, the 
left conductor current flows into the page and right conductor current flows out of the page.  The 
resulting lines of force are shown as superposition of the lines of force of two single electrical currents.  
We can see that on the left and right sidelines of the cable, the force is opposed to the Earth’s magnetic 
field and therefore the total field magnetometer decreases in those areas.  In the middle area between 
the conductors the lines of magnetic force are parallel to the main field and therefore we see an 
increase. The qualitative magnetic field signature shows a maximum above the conductors and two side 
minimums. Note that the central maximum will reverse its polarity if the polarity of the currents is 
reversed.

The case (B) describes horizontally deployed cable conductors. If the cable conductors are 
configured in a vertical mode as it is shown in diagram (C), the magnetic field signature will change 
correspondingly.  Using the same reasoning as above we see that (C) is similar to (A). Such as Earth’s 
magnetic field is not vertical measured magnetic field signatures are not symmetric, but exhibit main 
features shown here.
Because straight electrical currents produce fields which do not change along the conductor, one should 
expect very similar readings on both magnetic sensors.  This makes it possible to survey HVDC cable 
with single magnetometer; however two sensors gives assurance that recorded anomaly behaves as DC 
current anomaly. 

Figure 5 Different electrical current configurations. A - single infinite current, facing 
out of the page; B - pair of wires, with currents facing in and out; C - the same as (B), 
but with conductors rotated 90 degrees clockwise

2009 and 2013 survey data
The 2009 survey was conducted with the cable under power. The overview of the data 

showed that both magnetometer channels recorded very similar signatures for almost all of the 
survey lines, with very smooth signature transitions  along the cable route. This implies that 
observed magnetic field was indeed due to electrical current itself, and not because of the 
cable’s steel jacket or other cable elements.

During the 2013 survey some of the survey lines were measured with HVDC cable 
powered off. This provided useful information on a passive cable signature.  Surprisingly even 
in this case both TVG channels recorded essentially the same information, with no significant 
line by line variation in anomaly shape. This is in contrast to well-known pipeline magnetic 
signatures where the field changes dramatically along the pipe line route due to welds and 
other variations in the steel. This was not observed for the “Neptune” cable even it was in the 
powered off condition and shows that in both cases the field was not due to the armor of the 
cable.

Figure 6 Typical total field measured along the pipeline [4]. Multiple complex anomalies can be 
seen along the pipeline route.

The picture below compares several profile lines recorded over the same section of the cable in 
both 2009 and 2013

Figure 7.
Left: Survey lines recorded in 2009 and 2013 over the same location. It can be seen that 
both channels shows the same field in both cases, and  overall 2013 anomaly is 6 times 
smaller with a reversed signature. 2013 channels are so close so they cannot be resolved in 
the picture scale.
Right: Comparison between 2009 and 2013 profile data over the same location. In both 
cases survey lines exhibit consistent signatures at all intersections. However the amplitudes 
and shapes vary considerably between 2009 and 2013 .The survey lines presented on this 
map cover approximately 4 km of cable, with 500 m line separation. The vertical plane 
scale is exaggerated by factor of 4 for clarity, stack plot scales are the same on both 
pictures.

Using qualitative analysis we could expect that it could be possible to estimate cable 
orientation using magnetometer data. There are some places in 2009 and 2013 surveys that 
show possible change in the cable orientation:

Figure 8. 2009 survey data which show possible cable orientation change. The 2013 data 
sows the same signatures. Vertical scale is exaggerated by factor of 5.
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Modeling examples

Figure 8: 
A:Cable modeling using 2009 and 2013 data. Cable is ON. It can be seen that both data sets exhibit the same 
signature, which corresponds to horizontal cable orientation. Total field values are corrected for annual drift.
B: Modeling results with cable ON (2009) and cable OFF (2013) over the same location. Despite the use of 
different models (two wires and single wire) both estimates yield similar depth of burial (2.2 m vs. 1.7 m). The 
current estimate for 2009 appeared to be excessive but might be explained by greater separation between main 
and return cables. The angle indicates that cable is tilted.
C: Another example with cable ON (2009) and cable OFF (2013) now with West-East profile line orientation. The 
depth estimates are even more similar (1.1 m and 0.8m) for two wires and infinite current models. Note that the 
estimated idle current 6A (2013) is similar to one estimated in previous case
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Conclusions

The surveys showed that HVDC magnetic field anomalies have very consistent line-to-line signatures, with both 
channels showing almost exactly the same field. The similarity is better for the 2013 survey where a closer 
magnetometer separation was employed. In 2009 the survey magnetometers were towed side by side, which gave 
more uncertainty in each sensor position. This feature of HVDC magnetic field is quite different from pipelines, 
which typically vary along the pipeline route, and thus allows easy discrimination between cable and pipeline when 
the TVG setup is used. It also allows use of simple 2D models to find the location and depth of the object.

Regardless of cable state (powered ON or OFF) the estimated cable burial depth appeared to be close to the 
construction specification (1.8 m), which implies that this interpretation method correctly explains the observations. 
The HVDC signature in OFF condition was a surprise, and further research might be needed to explain the results. 
For future HVDC surveys it would be quite beneficial to have cable current recorded during the survey to compare 
with estimated electric currents. 

It appeared that a magnetometer survey can be used to estimate not only location of the HVDC cable, but in 
some cases find the orientation of the cable and the location of cable twists. This is only applicable to the powered 
cables modeled with two infinite wires.

Further modeling would include taking into account unbalanced electrical currents by creating a model 
consisting of two wires and infinite current.
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