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Disclaimer 

The opinions and interpretations presented in this report represent our best technical interpretation of the 

data made available to us. However, due to the uncertainty inherent in the estimation of all parameters, we 

cannot, and do not guarantee the accuracy or correctness of any interpretation and we shall not, except in 

the case of gross or wilful negligence on our part, be liable or responsible for any loss, cost damages or 

expenses incurred or sustained by anyone resulting from any interpretation made by any of our officers, 

agents or employees. 

Except for the provision of professional services on a fee basis, Ordtek Limited does not have a commercial 

arrangement with any other person or company involved in the interests that are the subject of this report.  

Ordtek Limited cannot accept any liability for the correctness, applicability or validity for the information they 

have provided, or indeed for any consequential costs or losses in this regard. Our efforts have been made on a 

"best endeavours" basis and no responsibility or liability is warranted or accepted by Ordtek Limited for errors 

by others. 

Copyright Ordtek Limited 

The material presented in this report is confidential. This report has been prepared for the exclusive use of the 

Client and its Subcontractors, it shall not be distributed or made available to any other company outside of 

the Project without the knowledge and consent of Ordtek Limited. 
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Executive Summary 

Introduction 

Ordtek Limited (Ordtek) has been appointed by COWI A/S (COWI) to undertake an unexploded ordnance 

(UXO) threat and risk assessment with risk mitigation strategy in support of the of the Lillebælt Syd offshore 

wind farm. 

The Lillebælt Syd offshore wind farm is located in Danish waters in the Lillebælt, a strait between the island 

of Funen and the Jutland Peninsula. The project will have a capacity of 100-160 MW produced from an array 

of up to 44 turbines, spanning an estimated area of approximately 25-33 km². 

This UXO risk assessment will cover the main array of the Lillebælt offshore wind farm as well as the export 

cable running from the OSS to the island of Als (referred to as “export cable 1” in this report) and where the 

cable re-emerges on the western side of the island of Als to the Danish mainland (referred to as “export 

cable 2” in this report). The entire wind farm development, main array and export cables, is referred to 

within this report as the “Project Area” as well as a wider surrounding “Study Area”. 

UXO presents a potential risk to the development and continued operation of offshore projects in European 

waters, principally due to the UXO residue from World War One (WWI) and World War Two (WWII). 

Explosive Ordnance (EO), both the result of military action and planned post-war dumping, is frequently 

encountered in the Baltic Sea. 

Military History 

Within Danish waters, UXO contamination is principally the result of military activity over two World Wars. 

British air laid ground mine “gardens”, bombing, submarine operations, naval surface conflict, modern 

military training exercises, aircraft and ship wrecks and munitions dumping have all played a part in 

potentially contaminating the Project Area.  

While the level of UXO contamination in the Danish Kattegat is low when compared with other European 

waters, nevertheless a UXO legacy remains. The WWII military convoy route running through the wind farm 

is considered the most likely vector of UXO contamination, via allied bombing raids on vessels in convoy, as 

shown in the table below: 
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Probability of Contamination Key 

1 Very Unlikely 

2 Unlikely 

3 Possible 

4 Likely 

5 Very Likely 
 

Lillebælt Syd Project Area 

UXO Threat Item Offshore Export cable 1 Export cable 2 

German Ground Mine 1 1 1 

British Ground Mine 2 2 2 

British and German WWI Mines 1 1 1 

Artillery and Naval Projectiles 2 2 2 

Small HE Bombs (250lb) 3 3 2 

Large HE Bombs (500lb and greater) 2 2 2 

Depth Charges and Torpedoes 2 2 2 

British and German WWII Buoyant 

Mines 
2 2 1 

Land Service Ammunition 1 1 1 

Table ES1 – Probability of UXO Encounter at the Site 

The UXO risk at the export cable 2 location, between the island of Als and the mainland of Denmark, is 

considered to be low risk; there are few vectors in which UXO may contaminate the area when compared 

with the wind farm, however within the marine environment the risk is never “zero”. 

UXO Burial 

Over a period of several decades, the seabed level within an area can change due to the process of sediment 

accretion (also sometimes referred to as “deposition”) or erosion. It is an important factor that must be 

taken into consideration when determining the potential for UXO burial. The movement of sandy bedforms 

(ripples, mega-ripples, sand waves, etc.) also has the potential to bury (or expose) items of UXO over time 

and therefore the seabed sediment composition, morphology and mobility must also be considered. Most 

active bedforms are those formed of sand, although where currents are strong, particularly in the nearshore, 

gravel can also be mobilised; this is particularly prevalent during high-energy storm events. 

Within dynamic sediment conditions, UXO items are likely to become buried; the depth of burial at any one 

location is dependent on a number of variables. It should also be noted however that where seabed 

conditions are relatively stable (limited or no accretion or bedform movement) or where there is limited or 
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no sand/gravel cover UXO burial is less likely and in some environments does not happen. The main 

mechanisms for burial at Lillebælt Syd are: 

• Self-burial by scour, sinking and backfill – within sands and silts, 

• Bedform migration – within areas of sandwaves and mega ripples 

Smallest Threat Item 

A 100lb (50kg) HE bomb with an NEQ of ~25kg can present a significant threat to some activities in some 

circumstances. If brought inadvertently to the surface, the detonation of a 100lb (50kg) bomb would present 

a considerable hazard to personnel due to shrapnel and serious injury or death could result. However, a 

100lb (50kg) bomb laying in water deeper than ~20m presents a relatively low risk to Project equipment and 

vessel; the likelihood of a detonation is very low and any damage caused by such an event is likely to be 

relatively minor. 

Therefore, Ordtek have determined the project may employ two threat items for detection depending on the 

activity. While the 250lb HE bomb may be a risk to jacking up and piling, due to vessel offset in cable laying 

and detonation from a 250lb bomb is a lower risk to cabling; therefore Ordtek considered that the smallest 

threat items for ALARP sign-off are: 

• Allied 250lb HE Bomb (~114kg) within 50m of a WTG foundation and jack-up zones. 

• Allied 500lb HE Bomb (~227kg) for all other areas of the Project. 

Allied 250lb HE Bomb 

Depending on the variant, the 250lb GP is cylindrical/tear-drop in shape, made of cast steel with a wall 

thickness of 0.6in (1.5cm).  The body length is ~28in (71cm). The body diameter is ~10.2in (26cm) and the 

filling consists of 110lb (50kg) of TNT or Amatol. The 250lb MC dimensions are the same, except the body 

wall thickness is only 0.3in (0.75cm) and the charge weight is greater at ~120lbs (55kg) of Amatol or 

Pentolite. 

Allied 500lb HE Bomb 

The 500lb HE Bomb is cylindrical in shape, made of steel and weighs around 227kg. They have an NEQ of 

~95kg-105kg of TNT or Amatol depending on the variant. The body diameter is 0.327m and the length 

(without tail) is ~1.041m, depending on the variant. 
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Figure ES1 – Allied 250lb (left) and 500lb (right) HE Bombs 

In order to mitigate the risk of encountering these items of UXO during the full scope of Project works, it is 

recommended that a UXO-specified geophysical survey is undertaken and then interpreted by a UXO 

consultant.  

 

UXO Risk Mitigation Strategy 

Geophysical Survey 

Ordtek recommends that the following geophysical survey techniques are deployed to detect and mitigate 

the main UXO hazard items: 

• Magnetometry  

• Side Scan Sonar (SSS) 

• Multibeam Echo Sounder (MBES) 

Any geophysical anomalies which are classified as “potential UXO”, but are not definitively confirmed as such 

by video or ROV inspection, can be avoided by a suitably safe distance, making the assumption that the item 

remains stable and will not be disturbed. In accordance with the ALARP principle, the installation could then 

proceed with a de minimis risk of encountering UXO. However the safety exclusion zones around the 

geophysical contacts must be respected. Unless these contacts are investigated and confirmed as not UXO 

related, they should be considered a potential hazard. 

Residual Risk Mitigation 

To conform to best practice, installation contractors should also adopt the following UXO risk management 

and mitigation actions: 

• Geophysical survey to detect smallest threat items (Mag, SSS and MBES). 

• Obtain the ALARP sign-off certificate for each installable asset. Input the geophysical 

contacts to be avoided into the on-board navigation system. 
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• Establish the location of known wreck sites, especially any highlighted in this desk study.  

Ordtek suggests that non-military related wrecks are also avoided in accordance to the 

developer’s standard protocol. 

• Ensure the Project team are aware of their internal UXO policy, including key support 

numbers. 

• Hold a copy of this risk assessment on-site/on-board the vessel. 

• Brief all personnel on the potential UXO risk. 

• Hold a UXO specialist on-call in the event of a suspect item being discovered unexpectedly. 
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