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Objective



Use past projects data to better predict the magnetic
response of potential UXO on future projects
 |Implementable on live projects
* Tested and validated

 Documented and transparent
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i Te Ste d a n d Va I I d ate d le;e'j(\;;llgge‘: 5';1ance (UXO), often deployed in WWI and WWII, are still present on the

seabed posing a risk to seabed construction. UXO surveys identify potential UXO targets
which are then investigated and removed where necessary; however, approximately 96 per
cent of targets investigated on projects included in this study were non-UXO (false positives).
Here we investigate methods of improving statistical conﬁdence in targets picked through the
improved classification of magnetic resp utilizing simul; hods and historic data.
A simulation of the induced magnetism of UXO was developed to model the most likely
dimensions and orientation of a given source item. Modelling results and measured variables
were combined in an optimization algorithm, hereon referred to as ‘the classifier’. We document
the results of integrating the magnetic resp 0f 3027 targets from 18 offshore wind projects
into the classifier. Five of these projects were performed as tests in which the target results were
unknown during classification. Finally, the classifier was deployed on a live project, Hollandse
Kust Zuid 3 and 4 Offshore Wind Farm, in which it enabled the removal of 67 targets from the
from the 1200-target investigation list. The classifier proved to be a valuable additional tool to
assist the target rationalization process, reliably and repeatably dlstmgulshmg UXO from other

 Documented and transparent

items, thereby reducing false positives and repeatabl g no threshold UXO false
nega‘u\ es. Assumptions and limitations of this methodology were hlghllgh!ed, which must be
d and idered when i ing this approach on future projects.

Key words: Magnetic anomalies: modelling and interpretation; Inverse theory; Statistical
methods.

from these datasets substantially impacts the cost and effective-
ness of the UXO investigation campaigns which follow. with ap-
proximately 4 per cent of potential UXO targets picked from the
projects included in this study resulting in a positive UXO iden-

1 INTRODUCTION

1.1 Survey industry

Many unexploded ordnance (UXO) deployed in WWI and WWII
are still present on the seabed with an estimated 1.3 million tonnes
of UXO remaining in the German Bight and approximately 0.3
million tonnes in the German waters of the Baltic Sea, (Béttcher
et al. 2011; Fraunhofer ICT 2018). The threat of encountering
UXO must therefore be considered before installing offshore wind-
farms and cables. An offshore survey for UXO usually com-
prises a magnelomeler or gndlomeler dawset supporled by sides-

tification. The target investigation phase of a UXO project, with
inspection of individual targets, is more expensive than the initial
UXO survey phase covgring data acquisition over an area. In a fi-
nancial review of UXO operations within the German North Sea,
for projects undertaken outside of known UXO dumping areas,
survey costs represented on average 15 per cent and identification
and clearance operations 85 per cent of the total costs (Sinclair
2020). This highlights a need for research and development in tar-

can sonar, and h: | b-bott
profiler datasets. The number of targets for inspection produced

get rationalization and its d in the cl
scope.
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Methods
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e Classification possible for 98% targets




5 Optimisation

4 Simulation
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1 Manual QC
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2 Normalisation

3 Data extraction 4 Simulation 5 Optimisation
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* Industry focus is on target size
* Classifier focus is on target shape

e 85 variables extracted per target



1 Manual QC 2 Normalisation 3 Data extraction 4 Simulation 5 Optimisation
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* Replicate the target response
* Modelled sphere
* Aspect ratio

* Declination
* [tem diameter
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3 Data extraction

4 Simulation

5 Optimisation

Optimisation ranking algorithm
Combining many variables

Outputs

UXO fit value
UXO fit category




Results



Results — graphs explained
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Results — First live test project

* Classifications performed before target investigation
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Results — 3 x test projects

* Classifications performed with no knowledge of what each target was
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Results — Live test project

* Classifications performed before target investigation
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Results — Live project use
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Results — Combined
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Conclusions



Separated all threshold UXO from 36.8% debris e Trained on North Sea data
~8% target reduction on projects * Overlapping responses — magnetics limitation
Saved ~11 IDC vessel days * LMB mines not included

Additional statistical confidence

* Estimated burial depth
e Simulation does not consider remanent magnetism

* Assumed horizontal orientation

 To be used alongside other datasets and outputs
» Additional tool in the toolbox

* Provides a level of confidence never seen before in the marine UXO survey industry



Making target classification available to everyone

Accessible through Oasis Montaj

Add more UXO to the library
Improve on the optimisation algorithm — reduce the potential for overfitting

Integrate machine learning tools



Questions
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