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Marine Magnetic Detection of UXO  

1 An Overview 
 

The majority of items of ordnance have significant ferrous content that produces a detectable magnetic 
signature. Based on previous research, and practical experience, the magnetic signature of an item of 
ordnance best approximates to that from a point magnetic dipole. The magnetic field produced by a point 
dipole decays as the cube root of the distance. For magnetic gradient measurements the decay in amplitude 
is proportional to one over distance to the power of four. The greater the size (mass) of the item of ordnance 
the larger is the dipole moment and associated magnetic field. 

The magnetic field of the Earth in northern latitudes close to the UK has an amplitude of approximately 48 500 
nanoTesla (nT). The exact amplitude at any point will depend on latitude, height and the local geology. 
Additionally, even at a fixed point, the field varies with time due to the rotation of the Earth and its orbit 
around the sun. The daily (or diurnal) variation can amount to tens or hundreds of nT. The magnetic field from 
a small item of ordnance may only be a few nT. Most modern total field magnetometers are capable of 
measuring to accuracies of less than 1 nT and in the case of optically pumped (Caesium or Potassium) 
magnetometers accuracies better than 0.1 nT can be attained with data rates of ten measurements per 
second. By removing diurnal variation using either filtering or a base station magnetometer the detection of 
small items of ordnance is well within the capabilities of the magnetometer.  

The main criteria governing the magnetic detection of ordnance are: 

• The size (mass) of the target; 
• The distance of the magnetic sensor from the target; 
• The density of the measurement grid; 
• The accuracy and resolution of the magnetic sensor; 
• Any external sources of magnetic noise. 

From modelling (confirmed by practical experience) it is possible to produce colour images showing the 
magnetic field distributions for various sizes of ordnance at differing distances. The example below shows the 
field distribution over a 25kg target at distances of 1, 3 and 5 m. 
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The decay in magnetic field between 1 m and 5 m can clearly be seen; at 5 m the maximum variation in 
magnetic amplitude is approximately 3 nT. The overall dimension of the magnetic signature is less than 10 m. 
These images were produced using a 0.1 m data grid. The position of the point dipole is located at the grid 
intersection. 

 

The images above are field data collected over an 11 kg target located on a magnetically clear area. Three 
separate passes were made over the target at three differing heights. At 5.1 m above the bed the magnetic 
signature of the target is approximately +/- 0.6 nT and would require an overall magnetic noise level of less 
than 0.2 nT to be detectable above background noise levels, i.e. the signal from the target needs to be 2 to 3 
times the noise level to be detectable. 

The graph below represents the detection distances that would be expected from differing sizes of ordnance 
items at a variety of noise levels. In the case cited above, a 10 kg target would be detected up to a distance 5 
m from the sensor at a noise level of 0.2 
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For a 25 kg target at a system noise level of 0.2 nT, the detection range would be 6 m. At a more realistic noise 
level of 0.5 to 1 nT, the detection range would be 4 to 5 m. 

To accurately position the target and be able to model the magnetic data to provide an estimate of the target 
size (mass) and distance, the field measurements must result in an image that appears similar to those 
presented above. Magnetic field data is normally collected along profiles; obviously with the example above, 
if a profile spacing of 10 m were used it is quite possible that the target could be completely missed. Even if a 
profile spacing of 5 m were used, it is unlikely that it would pass directly over the top of the target and the 
resulting magnetic image would be severely distorted. Any estimates of position, size and distance would 
consequently be very unreliable.  

In order to produce an undistorted representation of the magnetic image, a profile spacing of 1 to 2 m is 
necessary with magnetic measurements made at 20 cm intervals along the profiles. For land based magnetic 
ordnance searches, 1 m is the preferred profile spacing with a sensor height of 0.7 m and readings every 10 
cm. Within a marine environment, towing sensors within 0.7 m of the seabed would present major issues in 
respect to impact with the seabed and entanglement or collision with debris, etc. Provided that good quality 
imaging of the seabed is obtained, either from Side Scan Sonar or high resolution Multi-Beam Echo Sounding, 
such that seabed obstructions can be identified and avoided, it is possible to tow magnetic sensors 1 to 2 m 
above the bed in areas with gentle relief. Survey speeds of 2 m/s (4knots) or less are needed to fulfil the 20 
cm measurement criteria based on using an optically pumped magnetometer sampling at 10 Hz. 

In the sea accurate underwater positioning of the sensors is another problem. The use of acoustic positioning 
is necessary for any magnetometers that are soft towed, i.e. not on a frame connected rigidly to the survey 
vessel. Even on high quality acoustic positioning systems, accuracies of 0.5 to 1 m can be expected. If 
individually towed sensors are used with a separate acoustic transponder on each sensor, the relative 
inaccuracy in the acoustic positioning will introduce errors and distortions into the magnetic results (images). 
The way to minimise this distortion is to have an array of rigidly mounted sensors with a fixed separation and 
a single acoustic transponder. This provides a swathe of magnetic readings with a high internal accuracy. The 
left-hand image below of a 100 kg target surveyed with a 1 m sensor spacing illustrates the internal positional 
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accuracy of the magnetic data when compared to the image on the right (not the same target) collected with 
independently positioned sensors where significant distortion is observed. 

 

Therefore, to provide the highest quality magnetic survey, it should be using multiple sensors on a fixed array 
close to the seabed with accurate positioning. 

2 Data Review processing and Interpretation 
 

SafeLane Global can not only review client provided survey data but also has the capacity to process and 
interpret Survey data.  Interpreted using AGS-1 proprietary software developed over the past 20 years, ferrous 
targets identified in a survey can be modelled to provide an approximate mass, as well as location and depth 
of burial. 

The results will be presented in the format of a false colour anomaly map – example below; 

 

Each target is identified by the red and blue/purple colours indicating a positive and negative magnetic reading 
for each one. 
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The detailed 3D modelling of this data will provide accurate positional coordinates, depth of target and 
modelled mass presented in a table format, example below; 

 

Based upon these results a desk top analysis will be conducted to determine which targets can be discounted 
as UXO and which targets may require further investigation. This will be presented in report format for further 
discussion/action as required. 

If an anomaly is found during either of the surveys that cannot be discounted as being ordnance related, then 
the client will be informed immediately, and a meeting will be proposed between SafeLane Global and the 
client to discuss the most appropriate way to proceed. 
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