
 

 

Riel Explosive Advice & Services Europe B.V.  Vijfhuizenbaan 1b 5133 NH Riel Nederland  Postbus 21 5133 ZG Riel Nederland 
 T +31 (0) 13 518 6076  F +31 (0) 13 518 6077  www.reaseuro.com  info@reaseuro.com 

 

 

 

 

 

      

 

 

 

 
 

 

Desk Top Study 

Unexploded Ordnance (UXO) 

Princess Elisabeth Zone 
 

 

RO-210078 final (version 1.0) 

Reference number: 2021/70816/E2/Offshore-UXO study 

5 October 2021 

http://www.reaseuro.com/
mailto:info@reaseuro.com


74133/RO-210078 version 1.0 

(final) 

UXO Desktop Study & Risk Assessment 

Princess Elisabeth Zone  

Page 1 / 154 

 

 

 

 

Client 

Reference number

: FOD Economy, SMB, Middle Class and Energy 

Ref. number client : 2021/70816/E2/Offshore-UXO study 

Label : 74133 / RO-210078 final (version 1.0) 

Place, Date : Riel (Netherlands), 5 October 2021 

Author : Mr. K. Schuddinck, Historian / Advisor 

Mr. B. Moonen, Advisor  

Checked by : Mr. Jan Kapel, Senior UXO Specialist 

Approved by : Mr. T.P. Kloosterman, Head of Advice Department 

REASeuro FOD Economy, SMB, 

MiddleClass and Energy 

  Mr. T.P. Kloosterman   Mr. F. Vanvuchelen 

  Head of Advice Department  Legal Advisor 

Front page image: Fragment of oblique aerial photograph showing Bristol Beaufighter’s of the North Coates Strike Wing attacking a 
small enemy convoy off Terschelling, Holland. The nearest trawler is being attacked with cannon gunfire, and also with rocket 
projectiles fired by the aircraft from which the photograph was taken. Source: Imperial War Museum. 

Desk Top Study 
Unexploded Ordnance 

Princess Elisabeth Zone



 

   

 

 

 

  

 

 

   

74133/RO-210078 version 1.0  

(final) 

UXO Desktop Study & Risk Assessment  

Princess Elisabeth Zone  

Page 2 / 154 

 

 

TABLE OF CONTENTS 
 

 Page 

 

COMPREHENSIVE SUMMARY ....................................................................................................................... 5 

UITGEBREIDE SAMENVATTING .................................................................................................................. 10 

SYNTHÈSE COMPLÈTE ................................................................................................................................. 16 

1 GENERAL INFORMATION ..................................................................................................................... 22 

1.1 INTRODUCTION ........................................................................................................................................................................ 22 

1.2 PROJECT AREA AND AREA OF ANALYSIS ................................................................................................................................ 22 

1.3 PURPOSE AND MAIN OBJECTIVES ........................................................................................................................................... 23 

1.4 METHODOLOGY ....................................................................................................................................................................... 24 

1.4.1 UXO Historical Research ................................................................................................................................................. 24 

1.4.2 UXO Risk Assessment ...................................................................................................................................................... 25 

1.5 GENERAL STRUCTURE ............................................................................................................................................................... 26 

2 SOURCES ................................................................................................................................................ 27 

3 WAR RELATED EVENTS ........................................................................................................................ 30 

4 ANALYSIS OF WAR RELATED EVENTS................................................................................................. 34 

4.1 WAR AT SEA .............................................................................................................................................................................. 34 

4.1.1 Surface craft battle, 22/23 December 1944 ............................................................................................................ 36 

4.1.2 Observation of a surface craft battle, 20/21 February 1945 ............................................................................ 37 

4.1.3 Conclusion............................................................................................................................................................................ 38 

4.2 AIR WAR .................................................................................................................................................................................... 39 

4.2.1 Air strikes on surface vessels ........................................................................................................................................ 40 

4.2.2 Jettisoned bombs .............................................................................................................................................................. 41 

4.2.3 Conclusion............................................................................................................................................................................ 42 

4.3 NAVAL MINES ........................................................................................................................................................................... 42 

4.3.1 First World War .................................................................................................................................................................. 42 

4.3.2 Second World War ............................................................................................................................................................ 45 

4.3.3 Post-war mine clearance ................................................................................................................................................ 47 

4.3.4 Conclusion............................................................................................................................................................................ 49 

4.4 COASTAL GUNS ........................................................................................................................................................................ 51 

4.4.1 Conclusion............................................................................................................................................................................ 52 

4.5 WRECKS .................................................................................................................................................................................... 52 

4.6 MILITARY EXERCISE AREAS (POST-WAR) ................................................................................................................................ 54 

4.7 GAPS IN KNOWLEDGE .............................................................................................................................................................. 54 

4.8 UXO RISK AREA: HORIZONTAL DEMARCATION ................................................................................................................... 55 

5 UXO BURIAL ASSESSMENT .................................................................................................................. 58 

5.1 BURIAL ON IMPACT .................................................................................................................................................................. 58 

5.2 SCOUR ....................................................................................................................................................................................... 59 

5.3 BEDFORM MIGRATION ............................................................................................................................................................. 60 

5.4 MAXIMUM BURIAL DEPTH ...................................................................................................................................................... 62 

6 UXO MIGRATION ASSESSMENT .......................................................................................................... 63 



 

   

 

 

 

  

 

 

   

74133/RO-210078 version 1.0  

(final) 

UXO Desktop Study & Risk Assessment  

Princess Elisabeth Zone  

Page 3 / 154 

 

 

6.1 MIGRATION BY NATURAL CAUSES .......................................................................................................................................... 63 

6.1.1 Hydrodynamics in the wind farm zone..................................................................................................................... 63 

6.1.2 Morphodynamic behaviour ........................................................................................................................................... 63 

6.2 MIGRATION DUE TO HUMAN ACTIVITY .................................................................................................................................. 64 

6.3 MAXIMUM PERMISABLE SAFE TIME INTERVAL ....................................................................................................................... 64 

7 HAZARDS OF UXO LIKELY TO BE ENCOUNTERD ............................................................................... 65 

7.1 AERIAL BOMBS .......................................................................................................................................................................... 65 

7.2 DEPTH CHARGES ....................................................................................................................................................................... 66 

7.3 TORPEDOES ............................................................................................................................................................................... 66 

7.4 NAVAL MINES ........................................................................................................................................................................... 66 

7.4.1 Contact mines ..................................................................................................................................................................... 67 

7.4.2 Influence mines .................................................................................................................................................................. 67 

7.5 ARTILLERY SHELLS ..................................................................................................................................................................... 67 

7.6 ANTI-HANDLING DEVICES ....................................................................................................................................................... 68 

7.7 SELF-DESTRUCTION DEVICES ................................................................................................................................................... 68 

8 EFFECTS OF DETONATIONS ................................................................................................................. 69 

8.1 EFFECTS OF UNDERWATER DETONATIONS ............................................................................................................................. 69 

8.1.1 Fragmentation .................................................................................................................................................................... 69 

8.1.2 Bubble jet effect ................................................................................................................................................................. 70 

8.1.3 Shock effect ......................................................................................................................................................................... 70 

8.1.4 Shredding effect or spalling .......................................................................................................................................... 71 

8.2 SAFE DISTANCES ....................................................................................................................................................................... 71 

9 INTRUSIVE ACTIVITIES ......................................................................................................................... 72 

9.1 PREPARATION PHASE ............................................................................................................................................................... 72 

9.1.1 Metocean measurements .............................................................................................................................................. 72 

9.2 EXECUTION PHASE .................................................................................................................................................................... 73 

9.2.1 Wind turbines ..................................................................................................................................................................... 73 

9.2.2 Converter- and transformer stations ......................................................................................................................... 74 

9.2.3 Scour protection ................................................................................................................................................................ 74 

9.2.4 Cable routes ........................................................................................................................................................................ 74 

9.3 OPERATIONAL PHASE ............................................................................................................................................................... 75 

10 UXO RISK ASSESSMENT ................................................................................................................... 76 

10.1 RISK ASSESSMENT MATRIX ..................................................................................................................................................... 76 

10.2 RISK ASSESSMENT RESULTS PRINCESS ELISABETH WIND FARM ZONE .............................................................................. 77 

11 OUTLINING THE UXO MITIGATION STRATEGY .............................................................................. 79 

11.1 AIM OF THE RECOMMENDED UXO RISK MANAGEMENT STRATEGY .................................................................................. 79 

11.2 METHODOLOGY ....................................................................................................................................................................... 79 

12 UXO SURVEY METHODOLOGIES ...................................................................................................... 80 

12.1 MAGNETOMETRY ..................................................................................................................................................................... 80 

12.1.1 Gradiometers .............................................................................................................................................................. 80 

12.1.2 Total Field Magnetometers ................................................................................................................................... 81 

12.2 ELECTRO MAGNETIC ................................................................................................................................................................ 81 

12.3 SIDE SCAN SONAR ................................................................................................................................................................... 81 

12.4 MULTIBEAM ECHO SOUNDER (MBES) ................................................................................................................................. 81 

12.5 SEISMIC (SUB BOTTOM PROFILING)....................................................................................................................................... 82 



 

   

 

 

 

  

 

 

   

74133/RO-210078 version 1.0  

(final) 

UXO Desktop Study & Risk Assessment  

Princess Elisabeth Zone  

Page 4 / 154 

 

 

12.6 COMPARISON OF SURVEY TECHNIQUES ................................................................................................................................. 82 

13 THRESHOLD LEVELS TO BE APPLIED ............................................................................................... 84 

13.1 SPECIFICATIONS OF UXO THAT REQUIRE MITIGATION MEASURES ..................................................................................... 84 

13.2 THRESHOLD LEVELS FERROUS UXO ....................................................................................................................................... 85 

13.3 THRESHOLD LEVELS NON-FERROUS MINES ........................................................................................................................... 85 

13.4 REQUIRED DETECTION RANGE ................................................................................................................................................. 86 

13.5 AREAS TO BE SURVEYED ........................................................................................................................................................... 86 

13.6 VALIDATION OF GEOPHYSICAL UXO SURVEY EQUIPMENT .................................................................................................. 86 

13.7 GUIDELINES AND STANDARDS ................................................................................................................................................ 87 

14 CONCLUSION ..................................................................................................................................... 88 

15 ANNEXES ........................................................................................................................................... 89 

ANNEX 1 GLOSSARY OF TERMS ...................................................................................................................................................... 90 

ANNEX 2 LITERATURE ...................................................................................................................................................................... 91 

ANNEX 3 BELGIAN ARCHIVES ...................................................................................................................................................... 104 

ANNEX 4 INTERNATIONAL ARCHIVES ......................................................................................................................................... 112 

ANNEX 5 POST-WAR UXO ENCOUNTERS (AND CLEARANCE) ................................................................................................. 142 

ANNEX 6 CARTOGRAPHIC MATERIAL .......................................................................................................................................... 145 

ANNEX 7 INFORMATION BELGIAN MINISTRY OF DEFENCE...................................................................................................... 154 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

 

  

 

 

   

74133/RO-210078 version 1.0  

(final) 

UXO Desktop Study & Risk Assessment  

Princess Elisabeth Zone  

Page 5 / 154 

 

 

COMPREHENSIVE SUMMARY 

This summary describes the results of the historical research, which is the input for the risk analysis. Next, 

the risk analysis is summarized. 

 

The Princess Elisabeth Zone is located on the Belgian Continental Shelf. The location is indicated in the 

figure below. 

 

 
Location of the Princess Elisabeth Zone. 

 

HISTORICAL STUDY 

The historical study uses (historical) sources in order to determine if war related events did occur in or near 

the area of analysis. An overview of all the consulted sources can be found in chapter 2. The elaboration of 

relevant sources is added in chapter 3 and annex 2 to 7. 

 

Navigation at sea was a challenging task during both World Wars, which is reflected in historical sources 

used for this desktop study. Furthermore, the way of reporting locations was inaccurate. Hence, locations at 

sea were often only accurate to one nautical mile (1,852 km). In order to meet with these inaccuracies, a 

buffer zone of one nautical mile is added to the area of analysis. This also has consequences for the 

demarcation of UXO risk areas. Therefore a likelihood-of-presence term is used to express to which extend 

a certain type of UXO is to be expected in the area of analysis. Whenever possible, the risk areas are defined 

as specific as possible. The table below shows how the “likelihood-of-presence” terms are defined. 
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“Presence” term Meaning Explanation 

Remote  There is some evidence of this 

type of UXO in the wider 

surroundings of the area of 

analysis. 

The presence is based upon: 

1. Evidence for some war related events in or near the 

area of analysis. 

Probable  Evidence proves that this type of 

UXO is likely to be present within 

the area of analysis. 

The presence is based upon: 

1. Evidence for some war related events in or near the 

area of analysis; 

AND/OR 

2. Evidence that these war related events occurred 

frequently; 

AND/OR 

3. A certain UXO type was in fact encountered in or near 

the area of analysis. 

Certain  Strong evidence that this type of 

UXO is likely to be present within 

the area of analysis. 

The presence is based upon: 

1. Evidence for multiple war related events in or near the 

area of analysis; 

AND 

2. Evidence a UXO type - related to the events - was in 

fact encountered in the area of analysis. 

 

Based upon the consulted sources, different war related events which occurred within the area of analysis 

were determined. These events have been analysed prior to their relevance. Events that took place far from 

the area of analysis or events without a reasonably accurate location, have been disregarded. All other war 

related events are analysed more closely in order to determine which UXO have been used and if these 

UXO could still be present. For this study, the war related events are associated with the First and Second 

World War. In the analysis, the events are grouped as follows: 

 

• War at sea; 

 

Only one fire contact between surface craft vessels could be related to the area of analysis. 

 

• Air war; 

 

In total, six air strikes were found could be related to the area of analysis. Next to this, the jettison of 

bombs by returning bombers during World War Two often occurred frequently above the North Sea. 

An American aerial bomb of 1,000 lbs was encountered in the area of analysis in 2005. 

 

• Naval mines; 

 

Naval mines are the most influential event regarding the area of analysis. No less than twenty 

minefields were laid in and near the area. These minefields consisted of ground mines, moored mines, 

or a combination of both. Post-war international minesweeping operations were set up in order to clear 

shipping routes. These operations are not equal to the actual clearance of mines. Many mines sunk to 

the sea bottom and were displaced throughout the years, e.g. during fishing and trawling activities. Two 

mines, a contact mine and a German ground mine were encountered in the area of analysis. Also the 

sinker of a moored mine was found. 

 

• Coastal guns; 

 

During both world wars, the belligerent parties reinforced the coast. Because the area of analysis lies at 

least 30 km off the coast, most coastal guns could not reach it. Only a few heavy guns used in the 
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German army could – in theory – reach the area of analysis. It encompasses two World War One 

batteries of the calibre 38 cm and five World War Two batteries of the calibres 21 and 28 cm. The 

question remains however to what extend these guns actually fired on targets in or near the area of 

analysis. Particularly since the practical effective range was less than the distance to the area of analysis. 

 

• Wrecks; 

 

Various wrecks lie within the area of analysis, of which five wrecks are linked to war related events. One 

wreck was sunk by a mine during the Second World War. The other four wrecks concern navy vessels 

(three surface craft vessels and one submarine). At the location of these military wrecks UXO could 

remain. Also important is the possibility for the presence of human remains, what could cause 

restrictions regarding movement or salvage operations.  

 

• Post-war exercise area. 

 

The area of analysis overlaps with a post-war exercise area. The area was used for shooting practices on 

floating targets. It is unknown when the area came into use, how and with what ammunition the 

exercises were held. Practise ammunition sometimes contain explosives and/or components to show 

the result like coloured smoke. On the occasion of the exercise area no UXO risk area is defined.  

 

The conclusions of the historical research are presented in the table below. 

 

UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

Small calibre 

ammunition 

.303 

Remote 

These three main UXO groups 

were present on the small 

surface vessels, which mostly 

operated the North Sea during 

both World Wars.  

Most of the time, attacks on and 

fire contacts between surface 

craft vessels took place closer 

towards the coast. Since the area 

of investigation lies at least 30 

km off the Belgian coast, 

confrontations in or near the 

area of investigation were 

probably only incidental. The 

available sources mention only 

one confrontation, namely the 

shelling and sinking of the 

German S-192 (night 22-23 

December 1944). 

0 - 100 Fired  

.50 0 - 100 Fired  

13,2 mm 0 - 100 Fired  

15 mm 0 - 100 Fired  

Artillery shells – 

war vessels 

2 cm/20 mm 

Remote 

0 - 100 Fired  

2 pr. pompom 0 - 100 Fired  

3.7 cm 0 - 100 Fired  

40 mm Bofors 0 - 100 Fired  

6 pr. 0 - 100 Fired  

3 in 0 - 100 Fired  

8.8 cm 0 - 100 Fired  

4 in 0 - 100 Fired  

Rockets RAG 

Remote 

0 -50 Fired  

Flares 0 - 100 Fired  

Underwater 

ammunition – 

depth charges 

7 in Hedgehog 

mortar and 

others. 

Remote 

As is the case with the three 

UXO groups above, depth 

charges could also be carried by 

small vessels, no evidence was 

found on the use of depth 

charges in or near the area of 

analysis. 

0-100 Armed 

21 cm 12N (E) Remote 0 - 5 Fired  
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UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

Artillery shells – 

coastal guns 

28 cm Kanone 5 

(E) "Leopold" 

Only a few coastal guns could 

reach the area of analysis and 

almost evidence was found on 

specific engagements within or 

near the area of analysis. 

0 - 5 Fired  

38 cm SK L/45 

“Max” 

0 - 5 Fired  

Underwater 

ammunition – 

torpedoes 

18 in torpedo 

Probable 

Torpedoes could also be 

launched from small surface 

vessels. In 2014, a torpedo was 

encountered in the area of 

analysis and was destroyed. 

0 - 20 Fired 

53,3 cm torpedo 0 - 20 Fired  

Aerial bombs Incendiary 

bombs (4 lbs, 25 

lbs, 30 lbs) 

Probable 

Some evidence of air attacks in 

the vicinity of the area of 

analysis was found. Another, 

often underestimated, aspect of 

the air war are the jettisons. 

These jettisons were seldom 

recorded, but considering the 

almost continuous Allied 

bomber raids over Germany and 

German occupied country, the 

chance bombloads were 

jettisoned in the North Sea is 

rather significant. Furthermore, 

in May 2005 an aerial bomb (US, 

1,000 lbs) was encountered in 

the area of analysis. 

 Safe / armed 

High explosive 

bombs (250 lbs, 

260 lbs, 300 lbs, 

500 lbs, 1.000 

lbs, 2,000 lbs, 

4,000 lbs) 

 Safe / armed 

Underwater 

ammunition – 

moored mines 

British Elia / 

Vickers Elia 

Certain 

During both World Wars, naval 

minefields were laid in and near 

the area of analysis. No less than 

twenty individual minefields had 

overlap with the area of analysis. 

During both wars, a ship was 

sunk in the vicinity after 

striking/activating a mine. 

According to post-war UXO 

encounters a German ground 

mine, a moored mine, and a 

sinker were found within the 

area of analysis. It has to be 

taken into account that post-war 

mine clearance operations did 

not always mean naval mines 

were actually disposed. In many 

cases swept mines sunk to the 

bottom. 

0 - 10 Armed 

GB Type H Mk. II 0 - 10 Armed 

German E-mine 0 - 10 Armed 

GB M Mk. I (with 

Mk. XV and Mk. 

XVII sinkers) 

0 - 10 Armed 

GB Mk. I 

obstructers 

0 - 10 Armed 

German EMC-

mine 

0 - 10 Armed 

Explosive 

floaters 

0 - 10 Armed 

German UMA-

mine 

0 - 10 Armed 

German UMB-

mine 

0 - 10 Armed 

Underwater 

ammunition – 

ground  mines 

German LMB 

and LMB III, with 

fire mechanisms 

DM1, MA1, 

MA2, and MA3. 

Certain 

0 - 10 Armed 

Wreck 

locations: 

different UXO 

types 

Small calibre 

ammunition, 

artillery shells, 

torpedoes. 

Probable 

Besides UXO, it should be noted 

that human remains could be 

present in or near wrecks. 

Unknown  Safe 
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UXO RISK ASSESSMENT 

In dynamic sediment conditions, like the North Sea, UXO items are likely to have become buried. UXO 

burial is predominantly caused by one or a combination of three mechanisms: burial on impact, scour and 

bedform migration. The Maximum Burial Depth (MBD) in the Princess Elizabeth Wind Farm Zone is assessed 

to be 5.7 m below seabed. Migrating sand waves with heights up to 5 m are normative for the MBD. 

 

Human activity may have a significant impact on UXO migration. Especially dredging and fishing activities 

have the capacity to move items of UXO. It is not possible to quantify the UXO migration due to human 

interaction. Therefore human interaction is not a factor in the ALARP (as low as reasonably practicable) sign 

off certification process. This migration factor is part of the baseline residual risk. The maximum permissible 

safe time interval between the conclusion of a geophysical UXO survey, UXO clearance operations and the 

commencement of construction works is assessed to be approximately two years. 

 

The conducted historical research has shown that several calibres of aerial bombs, naval mines and 

torpedoes could be present within the investigation area. The possible effects of a detonation on vessels, 

equipment, personnel, and surroundings form an intolerable risk. This means mitigation measures are 

required to reduce the risks to as low as reasonably practicable (ALARP). It is recommended to address the 

source of the hazard by performing a UXO geophysical survey prior to any intrusive works. The mitigation 

measures consist of UXO survey, identification of potential UXO objects and disposal of actual UXO objects.  

 

The provisional magnetometer (MAG) threshold is set on 50 kg ferrous mass. This threshold is sufficient to 

detect possible present UXO that form an unacceptable risk to the expected, planned activities. 

 

The time, effort and costs involved in mitigating the risk posed by the presence of LMB mines are excessive 

and does not fall within the reasonably practicable definition of ALARP. Therefore an Electro Magnetic (EM) 

survey is not recommended. To enhance the evaluation process it is recommended to perform a Side Scan 

Sonar (SSS) survey and correlate the SSS data with the magnetometer data. 

 

For the SSS survey the following thresholds are recommended: 

- Size:  1.5 x 0.5 m, 

- Shape: cylindrical, 

- Structure fitted with several small external features. 

 

The required detection range for UXO is to the intended intrusion depth +0.5 m safety margin or the 

assessed MBD. The likely MBD can be calculated using the basic formula: MBD = 0 (burial on impact) + 0.6 

x 1.2 (UXO diameter) + 5 (height of sand waves) = 5.7 m. Therefore the maximum required detection range 

is assessed to be 5.7 m below seabed. 

 

The size of the exclusion zones and the areas to be surveyed is dependent on the actual design, installation 

methodologies and geotechnical parameters. The size of the areas to be surveyed needs to be assessed in 

an additional risk assessment based on the (provisional) design of the wind farm and the relevant site data.  

 

All detection devices used UXO validation. The purpose of the validation is to establish the maximum 

detection range limits for the specified thresholds of objects. This detection range threshold may be used 

to check for achieved detection depths below seabed and coverage after the data has been collected. 
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UITGEBREIDE SAMENVATTING 

Deze samenvatting geeft de resultaten weer van de historische studie, wat de input vormt voor de 

risicoanalyse. Vervolgens wordt de risicoanalyse samengevat. 

 

De Prinses Elisabeth Zone is gelegen op het Belgisch Continentaal Plat. De locatie is weergegeven in het 

figuur hieronder. 

 

 
Locatie van de Prinses Elisabeth Zone. 

 

HISTORISCHE STUDIE 

De historische studie maakt gebruik van diverse (historische) bronnen om na te gaan of binnen of nabij het 

onderzoeksgebied oorlogshandelingen hebben plaatsgevonden. Een overzicht van alle geraadpleegde 

bronnen is terug te vinden in hoofdstuk 2. Voor de uitwerking van de relevante bronnen wordt verwezen 

naar de tabel in hoofdstuk 3 en de bijlagen 2 tot en met 7. 

 

Navigatie op zee tijdens de Wereldoorlogen was een moeilijke taak, wat vaak tot uiting komt in de 

historische bronnen die voor deze studie gebruikt zijn. Daarnaast was de wijze van het rapporteren van 

locaties onnauwkeurig. Dit leidde ertoe dat plaatsbepalingen op zee algauw tot op slechts één zeemijl 

(1.852 km) nauwkeuring zijn. Dit wordt ondervangen door een buffer van één zeemijl toe te voegen 

rondom het onderzoeksgebied. Dit heeft ook gevolgen voor de afbakening van een UXO-risicogebied. 

Daarom is gebruik gemaakt van een verwachtingsterm om per type UXO een verwachting uit te drukken 

voor het onderzoeksgebied. Waar mogelijk zijn specifiekere risicogebieden afgebakend. De 

verwachtingstermen zijn gedefinieerd in de tabel hieronder. 
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Verwachting Betekenis  Toelichting  

Weinig 

waarschijnlijk 

 Er is enige aanwijzing dat dit 

type UXO aanwezig is in de 

ruime omgeving van het 

onderzoeksgebied. 

De verwachting is gebaseerd op: 

1. Aanwijzingen voor enkele oorlogshandelingen in of 

nabij het onderzoeksgebied. 

Waarschijnlijk  Er zijn aanwijzingen die 

bewijzen dat dit type UXO 

waarschijnlijk aanwezig in het 

onderzoeksgebied. 

De verwachting is gebaseerd op: 

1.  Aanwijzingen voor enkele oorlogshandelingen in of nabij 

het onderzoeksgebied; 

EN/OF 

2. Aanwijzingen dat deze oorlogshandelingen zeer vaak 

voorkwamen; 

EN/OF 

3. Een bepaald type UXO is reeds aangetroffen in het 

onderzoeksgebied. 

Zeker  Verschillende bronnen leveren 

duidelijk bewijs dat een type 

UXO is achtergebleven in het 

onderzoeksgebied.  

De verwachting is gebaseerd op: 

1. Duidelijke aanwijzingen dat een oorlogshandeling 

verschillende keren heeft plaatsgevonden in het 

onderzoeksgebied; 

EN 

2. Het feit dat een type UXO – gerelateerd aan deze 

oorlogshandelingen – reeds is aangetroffen in het 

onderzoeksgebied.  

 

Uit de geraadpleegde bronnen is vastgesteld dat verschillende oorlogshandelingen hebben 

plaatsgevonden in het onderzoeksgebied. Deze gebeurtenissen zijn vooraf geanalyseerd op hun relevantie. 

Gebeurtenissen die ver buiten het onderzoeksgebied hebben plaatsgevonden of waarvoor geen voldoende 

concrete locatie bekend is, zijn buiten beschouwing gelaten. Alle andere oorlogshandelingen zijn nader 

geanalyseerd om na te gaan welke explosieven zijn ingezet en of nog explosieven kunnen zijn 

achtergebleven. Voor deze studie is sprake van gebeurtenissen uit de Eerste en Tweede Wereldoorlog. Ten 

behoeve van de analyse zijn de gebeurtenissen als volgt onderverdeeld: 

 

• Oorlog op zee 

 

Slechts één treffen tussen schepen kon worden herleid tot het onderzoeksgebied. 

 

• Luchtoorlog; 

 

In totaal konden zes luchtaanvallen worden teruggevoerd op het onderzoeksgebied. Daarnaast kwam 

het dumpen van bommen in de Noordzee door terugkerende bommenwerpers veelvuldig voor tijdens 

de Tweede Wereldoorlog. In het onderzoeksgebied is een Amerikaanse 1.000 lbs vliegtuigbom 

aangetroffen in 2005. 

 

• Zeemijnen; 

 

De zeemijnen vormen de belangrijkste gebeurtenis voor dit onderzoek. Maar liefst twintig 

mijnenvelden gelegd in of nabij het onderzoeksgebied. Deze mijnenvelden bestonden uit ankertouw 

mijnen, grondmijnen of een combinatie van de twee. Na de Wereldoorlogen zijn mijnenveegoperaties 

uitgevoerd om vaarroutes vrij te maken. Deze mijnenveegoperaties stonden niet gelijk aan het 

daadwerkelijk opruimen van zeemijnen. Verschillende mijnen zijn gezonken en achtergebleven op de 

zeebodem en zijn onder meer door visserij verder verspreid. Twee mijnen, een Duitse grondmijn en een 

contact mijn, zijn reeds aangetroffen in het analysegebied. Verder is een anker van een ankertouwmijn 

aangetroffen. 
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• Kustgeschut; 

 

Tijdens beide wereldoorlogen zijn kustversterkingen aangelegd. Omdat het onderzoeksgebied 

minstens 30 km uit de kust ligt, kon het niet bereikt worden door het meeste kustgeschut. Slechts 

enkele zwaardere stukken Duits geschut reikten – in theorie – tot in of voorbij het onderzoeksgebied. 

Het betreft twee batterijen 38 cm geschut uit de Eerste Wereldoorlog en vijf batterijen met 21 of 28 cm 

geschut uit de Tweede Wereldoorlog. De vraag blijft echter in hoeverre deze kanonnen daadwerkelijk 

op doelen in of nabij het onderzoeksgebied hebben gevuurd. Te meer omdat de effectieve 

schootsafstand korter was dan de afstand tot het onderzoeksgebied.  

 

• Wrakken; 

 

Binnen het onderzoeksgebied bevinden zich verschillende wrakken, waarvan vijf gerelateerd zijn aan 

oorlogshandelingen. Eén wrak is gezonken door een mijn in de Tweede Wereldoorlog. De vier overige 

wrakken betroffen telkens militaire vaartuigen (drie oppervlakteschepen en een onderzeeër). Ter 

plaatse van de militaire scheepswrakken dient rekening te worden gehouden met nog aanwezige 

munitie. Tevens kan het zijn dat bemanningsleden er hun laatste rustplaats hebben, waardoor er 

mogelijk restricties zijn omtrent het verplaatsen op bergen van deze wrakken. 

 

• Naoorlogse oefengebieden. 

 

Het onderzoeksgebied heeft overlap met een naoorlogs militair oefengebied. Dit gebied is gebruikt 

voor schietoefeningen op drijvende doelen. Het is niet bekend vanaf wanneer de oefenzone in gebruik 

was, hoe en met welke munitie is geoefend. Oefenmunitie bevat soms explosieve stoffen en/of 

componenten om het resultaat weer te geven zoals gekleurde rook. Naar aanleiding van het 

oefengebied is derhalve geen UXO-risicogebied afgebakend. 

 

De conclusie is weergegeven in onderstaande tabel: 

 

UXO hoofdgroep Subtype / 

kaliber 

Verwachting Toelichting  Geschatte 

hoeveelheid  

Toestand   

Klein kaliber 

munitie 

.303 

Weinig 

waarschijnlijk 

Deze drie hoofdgroepen 

waren aanwezig op de kleine 

oppervlakteschepen, die het 

meest actief waren op de 

Noordzee tijdens de Eerste en 

Tweede Wereldoorlog. 

In de praktijk vonden 

gevechten tussen deze 

schepen plaats dichter bij de 

kust. Aangezien het 

onderzoeksgebied minstens 

30 km uit de kust ligt, was een 

treffen tussen vijandelijke 

schepen in het 

onderzoeksgebied veelal 

incidenteel. 

De beschikbare bronnen 

maken slechts melding van 

één vuurcontact, namelijk het 

zinken van de Duitse S-192 

(nacht van 22-23 december 

1944). 

0 - 100 Verschoten  

.50 0 - 100 Verschoten  

13,2 mm 0 - 100 Verschoten  

15 mm 0 - 100 Verschoten  

Geschutmunitie – 

oorlogsboten 

2 cm/20 mm 

Weinig 

waarschijnlijk 

0 - 100 Verschoten  

2 pr. pompom 0 - 100 Verschoten  

3.7 cm 0 - 100 Verschoten  

40 mm Bofors 0 - 100 Verschoten  

6 pr. 0 - 100 Verschoten  

3 in 0 - 100 Verschoten  

8.8 cm 0 - 100 Verschoten  

4 in 0 - 100 Verschoten  

Raketten  RAG 

Weinig 

waarschijnlijk 

0 -50 Verschoten  

Flares 0 - 100 Verschoten  
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UXO hoofdgroep Subtype / 

kaliber 

Verwachting Toelichting  Geschatte 

hoeveelheid  

Toestand   

Onderwatermunitie  

– dieptebommen 

7 in Hedgehog 

mortar en 

anderen. 

Weinig 

waarschijnlijk 

Net zoals de drie hierboven 

vermelde hoofdgroepen, 

konden kleinere vaartuigen 

ook met dieptebommen 

worden uitgerust. Er zijn geen 

aanwijzingen dat 

dieptebommen zijn ingezet in 

of nabij het 

onderzoeksgebied. 

0 - 100 Gewapend 

Geschutmunitie – 

kustgeschut 

21 cm 12N (E) 

Weinig 

waarschijnlijk 

Slechts enkele kanonnen 

hadden het bereik om het 

onderzoeksgebied te raken en 

er is geen bewijs aangetroffen 

dat op doelen in of nabij het 

onderzoeksgebied is gevuurd.  

0 - 5 Verschoten  

28 cm Kanone 

5 (E) "Leopold" 

0 - 5 Verschoten  

38 cm SK L/45 

“Max” 

0 - 5 Verschoten  

Onderwatermunitie  

– torpedo’s 

18 in torpedo 

Waarschijnlijk 

Torpedo’s werden gelanceerd 

vanaf schepen of vliegtuigen. 

In 2014 is een torpedo 

aangetroffen in het 

onderzoeksgebied en 

vernietigd. 

0 - 20 Verschoten  

53,3 cm 

torpedo 

0 - 20 Verschoten  

Vliegtuigbommen Brand bommen 

(4 lbs, 25 lbs, 

30 lbs) 

Waarschijnlijk 

Er is enig bewijs aangetroffen 

van luchtaanvallen in het 

onderzoeksgebied. Een ander, 

vaak onderschat, aspect van 

de luchtoorlog was het 

dumpen van bommen boven 

zee tijdens de terugvlucht. 

Deze droppings zijn zelden 

gedocumenteerd maar gezien 

de continue geallieerde 

bombardementen boven 

Duitsland en Duits bezet 

gebied is de kans groot dat 

veel bommen zijn afgeworpen 

boven de Noordzee. Verder is 

in mei 2005 een Amerikaanse 

1.000 lbs vliegtuigbom 

aangetroffen in het 

onderzoeksgebied. 

 Veilig / 

gewapend 

Brisant (250 lbs, 

260 lbs, 300 lbs, 

500 lbs, 1.000 

lbs, 2,000 lbs, 

4,000 lbs) 

 Veilig / 

gewapend 

Onderwatermunitie 

– ankertouwmijnen 

Britse Elia / 

Vickers Elia 

Zeker 

Tijdens de beide 

Wereldoorlogen zijn 

veelvuldig mijnen gelegen in 

en nabij het 

onderzoeksgebied. Niet 

minder dan twintig 

mijnenvelden hebben overlap 

met het onderzoeksgebied. 

Tijdens beide oorlogen is een 

schip gezonken in de 

omgeving door het toedoen 

van een mijn. Uit de 

naoorlogse munitieruimingen 

blijkt dat een Duitse 

0 - 10 Gewapend  

Type H Mk. II 0 - 10 Gewapend  

Duitse E-mine 0 - 10 Gewapend  

GB M Mk. I 

(met Mk. XV en 

Mk. XVII 

ankers) 

0 - 10 Gewapend  

Mk. I 

obstructers 

0 - 10 Gewapend  

Duitse EMC-

mine 

0 - 10 Gewapend  

Explosieve 

vlotten 

0 - 10 Gewapend  
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UXO hoofdgroep Subtype / 

kaliber 

Verwachting Toelichting  Geschatte 

hoeveelheid  

Toestand   

Duitse UMA-

mine 

grondmijn, een ankertouwmijn 

en een mijnanker zijn 

aangetroffen in het 

onderzoeksgebied. Tot slot 

dient er rekening mee te 

worden gehouden dat 

naoorlogse 

mijnenveegoperaties niet 

noodzakelijk hebben geleid 

tot het opruimen of 

vernietigen van mijnen. In veel 

gevallen zonken geveegde 

mijnen af naar de zeebodem. 

0 - 10 Gewapend  

Duitse UMB-

mine 

0 - 10 Gewapend  

Onderwatermunitie 

– grondmijnen 

Duitse LMB en 

LMB III, met 

ontstekers 

DM1, MA1, 

MA2, and MA3. Zeker 

0 - 10 Gewapend  

Wrak locaties: 

verschillende types 

UXO 

Klein kaliber 

munitie, 

geschutmunitie, 

torpedo’s. 

Waarschijnlijk 

Er dient te worden opgemerkt 

dat ter plaatse van een wrak 

ook stoffelijke resten kunnen 

zijn achtergebleven. 

Onbekend Veilig  

 

UXO RISICO ANALYSE 

In een dynamische omgeving, zoals aanwezig in de Noordzee, is het waarschijnlijk dat UXO begraven raken. 

Het begraven raken van UXO kan worden veroorzaakt door één of een combinatie van drie mechanismen: 

penetratie bij inslag, begraving door erosie en migratie van het zeebed. De Maximale Begraaf Diepte (MBD) 

van UXO is vastgesteld op 5,7 m onder de zeebodem. De aanwezigheid van zandgolven met een hoogte 

tot circa 5 m zijn bepalend voor deze diepte.  

 

Menselijke activiteiten kunnen een significant effect hebben op de migratie van UXO. Vooral 

baggerwerkzaamheden en visserij hebben een grote invloed. Het risico op migratie van UXO ten gevolge 

van menselijk handelen kan niet worden gekwantificeerd. Zodoende is menselijke invloed geen factor voor 

het ALARP (as low as reasonably practicable) proces. Het risico van migratie wordt derhalve geclassificeerd 

als restrisico. De maximale toelaatbare tijdsinterval tussen de verzamelde UXO-detectiedata, UXO 

opsporings- en ruimingactiviteiten en de start van de geplande werkzaamheden is circa 2 jaar. 

 

Het uitgevoerde historisch onderzoek heeft aangetoond dat diverse kalibers vliegtuigbommen, zeemijnen 

en torpedo’s aanwezig zouden kunnen zijn in het onderzoeksgebied. De mogelijke effecten van een 

detonatie op schepen, personeel en omgeving vormt een ontoelaatbaar risico. Om dit risico tot 

aanvaardbare proporties terug te brengen (ALARP) worden mitigerende maatregelen noodzakelijk geacht. 

Aanbevolen wordt om de bron van het risico aan te pakken door het uitvoeren van een UXO-

bodemonderzoek voorafgaand aan de uitvoering van grondroerende werkzaamheden. De mitigerende 

maatregelen bestaan uit een UXO-survey, identificatie van potentiële UXO’s en het ruimen van UXO.  

 

De voorlopige drempelwaarde voor de magnetometer (MAG) detectie is vastgesteld op 50 kg 

ferrohoudende massa. Deze drempelwaarde is toereikend om de mogelijk achtergebleven UXO te 

detecteren die een onaanvaardbaar risico vormen voor de verwachte geplande werkzaamheden. 

 

De tijd, inspanningen en kosten die gemoeid zijn met het mitigeren van het risico op aanwezigheid van 

LMB mijnen is excessief en valt daarom niet binnen de definitie van ALARP. Om die reden wordt geen 

Electro Magnetische (EM) detectie aanbevolen. Om de interpretatie te verbeteren wordt geadviseerd om 

een Side Scan Sonar (SSS) survey uit te voeren en de SSS-data te correleren met de MAG-data.  
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Voor de SSS-survey worden de volgende drempelwaarden aanbevolen: 

- grootte:  1,5 x 0,5 m, 

- vorm: cilindrisch, 

- Structuur Uitgerust met verschillende externe appendages. 

 

Het vereiste detectiebereik is gelijk aan de diepte van de grondroerende werkzaamheden vermeerderd met 

0,5 m veiligheidsmarge of de vastgestelde MBD. De maximale begraaf diepte kan worden berekend met de 

volgende formule: MBD = 0 (indringing bij impact) + 0.6 x 1.2 (UXO-diameter) + 5 (hoogte zandgolven) = 

5,7 m. Derhalve is het maximale detectiebereik vastgesteld op 5,7 m onder de zeebodem. 

 

De grootte van de te detecteren gebieden is afhankelijk van het ontwerp, de gekozen installatiemethoden 

en de geotechnische parameters. De grootte van de te detecteren gebieden dient daarom te worden 

vastgesteld in een additionele risicoanalyse gebaseerd op het (voorlopige) ontwerp van het windgebied en 

de relevante gebiedspecifieke informatie.  

 

Alle in te zetten detectieapparatuur dient te worden gevalideerd. Het doel van de validatie is het vaststellen 

van het maximale detectiebereik overeenkomstig met de vastgestelde drempelwaardes van de op te sporen 

objecten. Het vastgestelde meetbereik kan vervolgens worden gebruikt om de detectiediepte onder de 

zeebodem en de dekkingsgraad te controleren na het verzamelen van de data.  
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SYNTHÈSE COMPLÈTE 

Cette synthèse présente les résultats de l’étude historique, qui constitue la base pour l’analyse des risques. 

L’analyse des risques est résumée à la fin de la synthèse. 

 

La zone Princes Elizabeth est située sur le plateau continental Belge. La location est indiquée dans la figure 

ci-dessous. 

 

 
Localité de la zone Prinses Elisabeth. 

 

ÉTUDE HISTORIQUE 

Cette étude utilise plusieurs sources (historiques) pour vérifier si des actes de guerre ont eu lieu dans (ou 

près) de la zone d’analyse. Le chapitre 2 donne un aperçu de toutes les sources consultées. Pour 

l’élaboration des sources qui présentent un intérêt pour cette étude, prière de se référer au chapitre 3 et les 

annexes 2 à 7. 

 

La navigation marine pendant les deux guerres mondiales n’était pas simple, ce qui se reflète dans les 

sources historiques consultées. Par ailleurs, la manière de rapporter les locations était inexacte. Par 

conséquence, les positionnements sur mer sont précis a un mille nautique (1.852 km) seulement. Ce 

problème est résolu en ajoutant une zone tampon d’un mille nautique autour de la zone. Les inexactitudes 

ont aussi un impact sur la définition des zones de risque, c’est pourquoi des degrés de probabilité pour 

toute la zone d’analyse ont été définis. Si possible, une zone de risque est définie plus exactement. Les 

degrés sont définis comme suit. 
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Degré de 

probabilité 

Signification Explication  

Peu probable  Il y a une indication que ce 

type d’UXO est présent dans 

les alentours de la zone 

d’analyse. 

Le degré de probabilité est fondé sur : 

1. Indications de quelques actes de guerre dans ou près 

de la zone d’analyse. 

Probable   Il y a des indications qui 

prouvent qu’il est probable 

que ce type d’UXO se présente 

dans la zone d’analyse. 

Le degré de probabilité est fondé sur : 

1. La preuve que quelques actes de guerre ont eu lieu 

dans ou près de la zone d’analyse; 

ET/OU 

2. Le fait que ces actes de guerre arrivaient fréquemment 

pendant la guerre; 

ET/OU 

3. Un certain type d’UXO a été trouvé dans la zone 

d’analyse. 

Certain  Plusieurs sources confirment 

qu’il est certain qu’un type 

d’UXO est resté dans la zone 

d’analyse. 

Le degré de probabilité est fondé sur : 

1. La preuve qu’un acte de guerre a eu lieu plusieurs fois 

dans la zone d’analyse; 

ET 

2. Le fait qu’un certain type d’UXO – lié à ces actes de 

guerre – a déjà été trouvé dans la zone d’analyse.  

 

Après consultation des sources, il a été conclu que plusieurs actes de guerre ont eu lieu dans la zone 

d’analyse. Ces actes sont évalués sur leur applicabilité pour le projet. Les actes de guerre qui ont eu lieu loin 

de la zone d’analyse ou pour lesquels les données de location ne sont pas suffisamment précises ne sont 

pas pris en considération. Tous les autres actes de guerre ont été analysés plus en détail pour déterminer 

quels types d’explosifs ont été utilisés et la possibilité de leur présence dans la zone d’analyse. Pour cette 

étude les évènements de la première et seconde guerre mondiale sont d’application. En faveur de l’analyse, 

les actes de guerre sont divisés comme suit : 

 

• La guerre navale; 

 

Un seul combat entre navires a pu être lié à la zone d’analyse. 

 

• La guerre aérienne; 

 

En total, six attaques aériennes ont pu être liées à la zone d’analyse. Mais il est connu que pendant la 

seconde guerre mondiale, les bombardiers sur le retour après une mission larguaient souvent leurs 

bombes dans la Mer du Nord. Un obus Américain de 1.000 lbs a été trouvé dans la zone d’analyse en 

2005. 

 

• Mines navales; 

 

Les mines navales forment la part la plus importante de ce projet. Au moins vingt champs de mines ont 

été placés dans la zone d’analyse, composés de mines de fond, de mines flottantes fixées ou une 

combinaison des deux. Après les 2 guerres, des opérations de déminage ont eu lieu. Ces opérations 

visaient à ouvrir les voies de navigation, ce qui n’est pas équivalent à l’élimination des mines. Un 

nombre inconnu de mines est resté au fond de la mer, et a sans doute été éparpillé par la pêche. Deux 

mines, une mine de fond allemande et une mine flottante fixée, ont déjà été trouvées dans la zone 

d’analyse. L’ancre d’une mine flottante fixée a aussi été trouvée. 
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• Batteries côtières; 

 

Pendant les deux guerres mondiales, la côte a été renforcée. La zone d’analyse étant située à plus de 30 

km de la côte, la plupart des canons n’ont pas pu atteindre cette zone. Seulement quelques canons 

allemands lourds ont pu – en théorie – atteindre la zone d’analyse. Il s’agit de deux batteries avec des 

canons de 38 cm de la première guerre mondiale en cinq batteries avec des canons de 21 ou 28 cm de 

la seconde guerre mondiale. La question demeure dans quelle mesure ces canons ont tiré sur un but 

dans ou près de la zone d’analyse. En outre, la portée effective de ces canons était en réalité plus basse. 

 

• Épaves; 

 

Dans la zone d’analyse il reste plusieurs épaves, dont cinq sont liées aux actes de guerre. Une épave a 

été coulée par une mine pendant la seconde guerre mondiale. Les autres quatre épaves étaient des 

navires militaires (un sous-marin et trois navires). À l’emplacement des épaves il faut prendre en 

considération des munitions restées à bord. En plus, il est possible que l’équipage y ait son dernier lieu 

de repos, ce qui peut mener à des restrictions pour le déplacement ou surfaçage des épaves. 

 

• Zones d’exercice d’après-guerre. 

 

La zone d’analyse se chevauche avec une zone d’exercice d’après-guerre. Cette zone était utilisée pour 

des exercices de tir sur des buts flottants. Il n’est pas clair à partir de quand la zone était prise en usage, 

comment et avec quelles munitions on a exercé. Les munitions d’exercice peuvent contenir des 

explosifs, ou bien des components pour afficher le résultat, comme de la fume colorée. Une zone de 

risque UXO n’a pas été délimitée pour les zones d’exercice. 

 

 

La conclusion est présentée dans la table:  

 

Groupe principal 

UXO 

Type / calibre Degré de 

probabilité 

Explication Quantité 

estimé  

Condition  

Mubition petit 

calibre 

.303 

Peu probable 

Ces trois groupes principaux 

étaient présents sur les petits 

navires militaires, qui étaient 

les plus actifs dans la Mer du 

Nord pendant la première et 

seconde guerre mondiale. 

Dans la pratique, les combats 

entre les petits navires avaient 

lieu plus près de la côte. Vu 

que la zone d’analyse est 

située à plus de 30 km de la 

côte, une rencontre entre 

navires ennemis était plutôt 

par hasard.  

Les sources disponibles ne 

mentionnent qu’un seul 

combat pendant lequel le S-

192 Allemand a été coulé (nuit 

du 22 au 23 décembre 1944). 

0 - 100 Tiré  

.50 0 - 100 Tiré  

13,2 mm 0 - 100 Tiré  

15 mm 0 - 100 Tiré  

Obus – navires 2 cm/20 mm 

Peu probable 

0 - 100 Tiré  

2 pr. pompom 0 - 100 Tiré  

3.7 cm 0 - 100 Tiré  

40 mm Bofors 0 - 100 Tiré  

6 pr. 0 - 100 Tiré  

3 in 0 - 100 Tiré  

8.8 cm 0 - 100 Tiré  

4 in 0 - 100 Tiré  

Missiles  RAG 

Peu probable 

0 -50 Tiré  

Flares 0 - 100 Tiré  

Munitions sous-

marines – 

grenades sous-

marines 

7 in Hedgehog 

mortar et 

autres 
Peu probable 

En plus des trois groupes 

principaux UXO mentionnés 

ci-dessus, les petits navires 

pouvaient être équipés avec 

0 – 100 Armé 
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Groupe principal 

UXO 

Type / calibre Degré de 

probabilité 

Explication Quantité 

estimé  

Condition  

des charges sous-marines. 

Néanmoins, aucune preuve 

n’a été trouvée que ces 

charges ont été utilisées dans 

ou près de la zone d’analyse. 

Obus – canons 

côtiers  

21 cm 12N (E) 

Peu probable 

Outre le fait que seulement 

quelques canons pouvaient 

combler la distance à la zone 

d’analyse, aucune preuve n’a 

été retrouvée qu’on ait tiré sur 

des cibles dans ou près de la 

zone d’analyse. 

0 - 5 Tiré  

28 cm Kanone 

5 (E) "Leopold" 

0 - 5 Tiré  

38 cm SK L/45 

“Max” 

0 - 5 Tiré  

Munitions sous-

marines – torpilles  

Torpille 18 in 

Probable 

Les torpilles étaient lancées de 

navires ou d’avions. En 2014, 

une torpille a été retrouvée 

dans la zone d’analyse et 

détruite. 

0 - 20 Tiré  

Torpille 53,3 cm 0 - 20 Tiré  

Bombes aériennes Bombes 

Incendières (4 

lbs, 25 lbs, 30 

lbs) 

Probable 

Il y a quelques évidences 

d’attaques aériennes dans la 

zone d’analyse. Un autre 

élément, souvent sous-estimé, 

de la guerre aérienne, est que 

les bombardiers sur le retour 

larguaient leurs bombes dans 

la Mer du Nord. Ces actions 

sont rarement documentées, 

mais la probabilité est haute 

que beaucoup d’obus ont été 

largués, vu les opérations 

continuelles de bombardiers 

vers l’Allemagne et les zones 

occupées. De plus, en mai 

2005 un obus d’origine 

Américaine de 1.000 lbs a été 

trouvé dans la zone d’analyse. 

0 - 20 Sûr / armé 

Brisant (250 lbs, 

260 lbs, 300 lbs, 

500 lbs, 1.000 

lbs, 2,000 lbs, 

4000 lbs) 

0 - 20 Sûr / armé 

Munitions sous-

marines – mines 

flottantes fixées 

GB Elia / 

Vickers Elia 

Certain 

Pendant les deux guerres 

mondiales, une multitude de 

mines a été mise en place 

dans ou près de la zone 

d’analyse. Pas moins de vingt 

champs de mines se 

chevauchent avec la zone 

d’analyse. Pendant les deux 

guerres, un navire a coulé 

dans les environs de la zone 

d’analyse á cause de mines. 

Pendant des actions de 

déminage d’après-guerre, une 

mine de fond Allemande, une 

mine flottante fixée et une 

ancre de mine ont été 

trouvées dans la zone 

d’analyse. Enfin, il faut prendre 

0 - 10 Armé  

GB Type H Mk. 

II 

0 - 10 Armé  

E-mine 

Allemande 

0 - 10 Armé  

GB M Mk. I 

(avec ancres 

Mk. XV et Mk. 

XVII) 

0 - 10 Armé  

GB Mk. I 

obstructers 

0 - 10 Armé  

EMC-mine 

Allemande 

0 - 10 Armé  

Radeaux 

explosifs 

0 - 10 Armé  

UMA-mine 

Allemande 

0 - 10 Armé  
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Groupe principal 

UXO 

Type / calibre Degré de 

probabilité 

Explication Quantité 

estimé  

Condition  

UMB-mine 

Allemande 

en compte que les opérations 

de déminage d’après-guerres 

n’ont pas nécessairement 

résulté en le déminage 

complet des mines. Souvent, 

les mines draguées coulaient 

sur le fond marin. 

0 - 10 Armé  

Munitions sous-

marines – mines de 

fond 

LMB et LMB III 

Allemandes, 

avec 

détonateur 

DM1, MA1, 

MA2, et MA3. 

Certain 

0 - 10 Armé  

Épaves: plusieurs 

types UXO 

Munition petit  

calibre, obus, 

torpilles. 
Probable 

Il faut prendre en 

considération que sur la 

location d’une épave il peut y 

avoir des restes humains. 

Inconnu Sûr 

 

ANALYSE DES RISQUES UXO 

Dans un environnement dynamique comme la Mer du Nord, il est probable de trouver des UXO enterrés. 

L’enterrement d’un UXO peut être causé par un, ou une combinaison de trois mécanismes : pénétration 

pendant l’impact, enterrement par érosion et par la migration du fond marin. La Profondeur d’Enterrement 

Maximale (PEM) dans la zone d’analyse a été fixée à 5,7 m sous le fond marin. La présence d’ondulations de 

sable jusqu’à 5m de haut est décisive pour la détermination de cette profondeur. 

 

Les activités humaines peuvent avoir un effet important sur la migration des UXO. Surtout l’influence des 

dragages et de la pêche est grande. Le risque de migration des UXO à cause des actions humaines ne peut 

pas être quantifiée, et par conséquence n’est pas un facteur pour le processus ALARP (As Low As 

Reasonably Practicable) et est vu comme risque résiduel. L’intervalle de temps maximal admissible entre les 

activités de détection, de dépistage, de déminage d’UXO et le début des travaux est de deux ans.  

 

La recherche historique a prouvé la présence possible de plusieurs calibres de bombes aériennes, bombes 

marines et torpilles dans la zone d’analyse. 

L’effet possible d’une détonation sur navires, personnel et les environs forme un risque inacceptable. Pour 

réduire ce risque à un niveau acceptable (ALARP), des mesures d’atténuation sont nécessaires. Il est 

recommandé de traiter la source du risque par l’exécution d’une une étude géophysique sur présence 

d’UXO avant l’exécution des travaux. Les mesures d’atténuation de composent d’une liste complète, 

identification et le déminage des UXO éventuellement présents dans la zone. 

 

La limite provisoire pour la détection au magnétomètre (MAG) est fixée sur une masse de métaux ferreux 

de 50 kg. Cette limite est suffisante pour détecter les UXO éventuellement présents qui forment un risque 

inadmissible pour l’exécution des travaux planifiés. 

 

Le temps, les efforts et les coûts qui sont nécessaires pour réduire le risque concernant la présence des 

mines LMB sont excessifs et n’entrent pas dans la définition ALARP. C’est pourquoi une détection 

électromagnétique (EM) n’est pas recommandée. Pour améliorer l’interprétation, l’exécution d’une 

détection au Side Scan Sonar (SSS) est recommandée, pour ensuite faire une corrélation entre les données 

de la SSS et la MAG. 

 

Concernant la détection SSS, les valeurs-seuil ci-dessous sont recommandées : 

- Grandeur : 1,5 x 0,5 m 

- Forme : cylindrique 

- Structure : équipé avec plusieurs accessoires extérieurs 
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La zone de détection nécessaire est égale à la profondeur des travaux de sol plus 0,5 m de marge de 

sécurité ou bien la Profondeur d’Enterrement Maximum (PEM). Cette profondeur se calcule comme suit : 

PEM = 0 (intrusion à l’impact) + 0,6 m x 1,2 m (diamètre UXO) + 5 m (hauteur ondulations de sable) = 5,7 

m. Par conséquent, la zone de détection nécessaire est fixée à 5,7m sous le fond marin. 

 

La grandeur des zones à détecter dépend du plan de construction, la méthode d’installation, et des 

paramètres géotechniques. C’est pourquoi il est recommandé de déterminer la grandeur par une analyse 

additionnelle des risques, fondée sur le plan (provisoire) du parc éolien et les informations spécifiques pour 

la zone. 

 

Tous les appareils de détection doivent être validés. Le but de la validation est l’établissement de la portée 

de détection maximum où les objets avec une masse de métaux ferreux correspondante à la valeur-seuil 

peuvent être détectés. Cette portée de détection peut ensuite servir pour contrôler la profondeur de 

détection sous le fond marin et le ratio de couverture à base des données obtenues. 
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1 GENERAL INFORMATION 

This chapter describes the need for the Desktop Study – Unexploded Ordnance (DTS-UXO). Furthermore 

the project area, the area of analysis, the purpose and methodology are described. The chapter concludes 

with a general structure of the report. 

 

1.1  INTRODUCTION 

A competitive tendering procedure is introduced by the Federal Government for the granting of domain 

concessions for offshore electricity production installations in the “Princess Elisabeth Zone” in the Belgian 

part of the North Sea. Prior to the tendering procedure, necessary preliminary studies shall be carried out 

and the results of the studies shall be certified and made available to the candidate bidders (potential 

project developers) through a publicly accessible database. 

 

Information regarding the site conditions will be developed through desktop and field site investigations 

(assessing the soil, wind and water conditions) in the “Princess Elisabeth Zone”. Detailed information on the 

seabed and soil conditions at the site and objects potentially present will be part of this information 

package. In providing a more comprehensive data packages, risk is significantly reduced for the developer, 

as is the need for conservatism in the assumptions of the tender design, while the business case for the 

project and the overall planning can be optimized. 

 

As a part of the information package, a UXO desktop study and a UXO risk assessment are carried out. A 

UXO desktop study examines which war related events could have caused the presence of UXO in the 

project area nowadays. Outcome of the analysis is the likelihood of presence of the UXO. This forms input 

for the UXO risk assessment. The risk assessment will investigate the threat that UXO poses to the specific 

project activities and provides mitigating measures to counter this threat.  

 

1.2  PROJECT AREA AND AREA OF ANALYSIS 

The subject of both studies is the project area, the Princess Elisabeth Zone, plus a 1 nm-buffer zone around 

the project area. This zone is called the area of analysis. 
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Figure 1: Princess Elisabeth Zone and Area of analysis. (Source base map: ESRI). 

 

1.3  PURPOSE AND MAIN OBJECTIVES 

The main objectives of this study have been formulated by the FPS Economy of Belgium in 

‘2021/70816/E2/Offshore-UXO Technical requirements’. These main objectives include: 

• Identify possible restrictions for activities related to offshore energy projects in the Princess 

Elisabeth Zone due to the presence of UXO items; 

• Identify areas in the Princess Elisabeth Zone that should not be chosen for the installation of 

offshore windfarms and/or cables 

• Identify the requirements to safely carry out geophysical and geotechnical surveys and to install 

wind turbine foundations and cables, taking into account unexploded ordnance. 

 

This study will reach the main objectives by way of answering the following questions: 

• Could UXO remain in the area of investigation? 

• What are the characteristics (the type, amount, and condition) of the expected UXO? 

• Do the expected UXO pose a risk to planned operations in the area of investigation? 

• What mitigating measures are required to reduce the risk to an acceptable level? 
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1.4  METHODOLOGY 

This desktop study includes the first two phases of the UXO management stage. The first stage is the 

historical research and the second stage is the UXO risk assessment (Figure 2). 

 

This desktop study is the result of the commitment of a team, composed of historians, UXO advisors, an 

UXO-expert, a GIS specialist, and the project manager. Page 1 of this report names the experts involved. 

ArcGIS Pro version 2.7.31 has been used as a tool to conduct this research. Historical maps and other 

information have been gathered and projected in this geographical information system for analysis. GIS is 

also used to position and clarify the relevant war related events mentioned in the list of war related events 

in chapter 3. 

 

 
Figure 2. UXO risk management phases. 

 

1.4.1 UXO Historical Research 

Compared to onshore desktop studies, an offshore study deals with much more geographical inaccuracies, 

since there are only few reference points at sea. Furthermore, the information in (historical) sources is also 

often inaccurate. The positions of naval minefields, air strikes and crashes in historical sources are given 

only approximately since navigation equipment was not nearly as accurate as modern systems. The most 

common method of marking locations during the World Wars was based on decimal degrees, which were 

accurate down to 1 nautical mile (1.852 meters). Another way of positioning is found in German sources, 

which are based on the German Naval Grid (Kriegsmarine Quadranten), with a grid size of 6x6 nautical 

miles. Historical sources based on this grid thus position war related events in an area of 123 square 

kilometers. The difficulty with inaccuracy is met by researching a 1 nm-buffer zone around the project area 

(see also paragraph 1.2), and by using a presence term for UXO in the outcome conclusion. 

 

 
1 Mentioned as ‘GIS’ throughout this report.  
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War related events that took place in the area of analysis are derived from (historical) sources, and 

subsequently analysed. A solid analyse can be done on the condition that sufficient sources are available 

and a war related event can be located as precise as possible in the area of analysis. The outcome of the 

analysis is the determination if UXO are possibly left within the area of investigation. The definitions used to 

describe the likelihood of presence of the UXO are given in Table 1.  

 

“Presence” term Meaning Explanation 

Remote  There is some evidence of this 

type of UXO in the wider region of 

the area of analysis. 

The presence is based upon: 

2. Pour evidence for some war related events in, near or 

in the wider region of the area of analysis. 

Probable  Evidence proves that this type of 

UXO is likely to be present within 

the area of analysis. 

The presence is based upon: 

4. Evidence for some war related events in or near the 

area of analysis; 

AND/OR 

5. The knowledge that this war related events occurred 

frequently; 

AND/OR 

6. Evidence this UXO type is in fact encountered. 

Certain  Strong evidence that this type of 

UXO is likely to be present within 

the area of analysis. 

The presence is based upon: 

3. Evidence for multiple war related events in or near the 

area of analysis; 

AND 

4. Evidence a UXO type - related to the events - was in 

fact encountered. 

Table 1: Definitions of terminology used to describe the likelihood of presence of UXO. 

 

1.4.2 UXO Risk Assessment 

After the UXO Desktop Study is completed, the analysis results from this study are used as the input for the 

UXO Risk Assessment (RA). The purpose of the RA is defining the risk that UXO poses to the planned 

activities in the area of analysis.  

 

Several factors like the burial of UXO, migration of UXO, the planned intrusive activities, hazards of UXO 

likely to be encountered and effects of detonation are analysed and assessed for use in a Semi Quantitative 

Risk Assessment (SQRA). The following matrix is used to quantify the risk. Each generic UXO hazard is 

assessed for severity and likelihood of occurrence. This model is generally considered best practice for 

assessing risk in the marine environment, although it has been modified where required to ensure it is UXO 

centric. The risk matrix is presented in Table 2. 

 

Once the risks have been identified fitting mitigation strategies to bring the risk down to an acceptable 

level will be proposed. The mitigation strategies are focused on bringing the risk down to a level that is 

defined as ‘As Low As Reasonably Practicable’ (ALARP).  
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 Hazard Severity 

Li
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h
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1 = Negligible 

 

 

2 = Slight 

 

 

3 = Moderate 

 

 

4 = High 

 

 

5 = Very High 

 

1 = Very Unlikely 

 

1  

LOW 

2 

LOW 

3 

LOW 

4 

LOW 

 

5 

LOW/MODERATE 

 

2 = Unlikely 

 

2 

LOW 

4 

LOW 

6 

LOW/MODERATE 

8 

MODERATE 

10 

MODERATE/HIGH 

 

3 = Possible 

 

3 

LOW 

6 

LOW/MODERATE 

9 

MODERATE 

12 

MODERATE/HIGH 

 

15 

HIGH 

 

4 = Likely 

 

4 

LOW 

8 

MODERATE 

12 

MODERATE/HIGH 

16 

HIGH 

20 

HIGH 

 

5 = Very Likely 

 

5 

LOW/MODERATE 

10 

MODERATE/HIGH 

15 

HIGH 

20 

HIGH 

 

25 

HIGH 

 

 Unacceptable 

 ALARP with reduction measures 

 ALARP 

 Acceptable 

Table 2. UXO Risk Assessment Matrix. 

 

1.5  GENERAL STRUCTURE 

The desktop study consists of two main parts: (1) the Historical Research and (2) the Risk Assessment. Each 

part has its own chapters, of which an overview is given in Table 3. 

 

Main part Chapter 

 1. General information 

Historical Research 2. Sources 

3. War related events 

4. Analysis of war related events 

Risk Assessment 5. UXO burial assessment 

6. UXO Migration assessment 

7. Hazards of UXO likely to be encountered 

8. Effects of detonations 

9. Intrusive activities 

10. UXO Risk assessment 

11. Outlining the UXO mitigation strategy 

12. UXO survey methodologies 

13. Threshold levels to be applied 

 14. Annexes 

Table 3: Document structure. 
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2 SOURCES 

This chapter gives an overview of the consulted sources. A more detailed elaboration of each source can be 

found in the annexes. 

 
Source Consulted for this historical 

research? (Yes/No) 

Source yields relevant 

information? (Yes/No/Not 

applicable) 

Literature Yes Yes 

Belgian archives 

Municipal archives No2 Not applicable 

Provincial archive West Flanders Yes No 

State Archives of Belgium Yes Yes 

Study- and Documentation Centre for War and Contemporary 

Society 

Yes No 

Royal Museum of the Armed Forces and Military History Yes Yes 

International archives 

The National Archives (London, UK) Yes Yes 

Bundesarchiv-Militärarchiv (Freiburg, DE) Yes Yes 

National Archives and Records Administration (College Park 

(MD), US) 

Yes Yes 

The National Archives (The Hague, NL) Yes Yes 

UXO-encounters 

Beneficial cooperation Belgian and Dutch Coast Guard Yes Yes 

Ospar Yes  Yes 

Cartographic sources 

Flanders Marine Institute Yes Yes 

Coastal Portal Yes Yes 

Compendium Yes Yes 

Flemish Agency Marine Services & Coast Yes Yes 

UK Hydrographic Office Yes Yes 

Library of Congress (Washington D.C., US) Yes Yes 

Other sources 

Crash Database of the Belgian Aviation History Association Yes No 

Belgian Ministry of Defence Yes Yes 

Table 4: Consulted sources. 

 

Literature 

An overview of used literature can be found in annex 2. A variety of national and international books, 

articles and websites were consulted. These sources have been studied for descriptions and events which 

might be relevant to the area of analysis. The resulting events are shown in chronological order in tables. 

The references (book and page) for each event are included in the tables. 

 

Provincial Archive West Flanders 

As the province of West-Flanders is the only Belgian province that directly adjoins the North Sea, the 

provincial archives were searched. Different inventories were consulted, but no relevant archival documents 

relating to the area of analysis were found. See annex 3 for an overview of the consulted inventories. 

 

State Archives of Belgium 

The Belgian State Archives stores the records of the (former) Belgian institutions. For this desktop study the 

records of the Marine Directory (Bestuur van het Zeewezen), which fell under the Ministry of Economy and 

Transports, yielded relevant results, see annex 3. 

 
2 Not applicable sources are exclusively relevant for land-based research and have thus not been consulted. 
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Study- and Documentation Centre for War and Contemporary Society 

This Centre, also known as CegeSoma, is part of the Belgian State Archives but keeps a specific thematic 

collection. The database of this centre was searched but delivered no relevant results for the area of 

analysis. 

 

Royal Museum of the Armed Forces and Military History 

The Royal Museum keeps the records of the Belgian Army for the period 1830-1918, and thus includes the 

records from the First World War. For many years, much of those records were considered as lost or 

destroyed. Until after the end of the Cold War and the collapse of the Soviet Union, for the first time the 

Moscow archives were open for Belgian researchers. There they discovered a vast amount of records 

belonging to the Belgian government, most of them were military archives. After a long period of 

negotiation, the Russian government agreed to return these archives. Since spring 2002, the long-lost 

archives are present at the Royal Museum and made accessible for researchers. The ‘Moscow-collection’ of 

the Royal Museum is consulted. Relevant results are shown in annex 3. 

 

The National Archives (TNA) in London 

The National Archives have been consulted for information on naval minefields, air strikes, naval combat, 

bomb jettisons and other relevant war related events. The Admiralty, War Cabinet and Air Ministry archives 

have been consulted for this information. Annex 4 contains relevant results from TNA.  

 

National Archives and Records Administration (NARA) in College Park (MD) 

Research has been conducted in the US National Archives and Records Administration. The NARA has been 

consulted for documents from the US Army Air Forces (USAAF) and for the collection of captured German 

records. The results are shown in annex 4. 

 

Bundesarchiv-Abteilung Militärarchiv (BAMA) in Freiburg 

The German military archives were severely damaged during World War II. What remained of the archives is 

kept and maintained in the Bundesarchiv in Freiburg. The archives of the German navy (Kriegsmarine) 

survived the war relatively well compared to the other service branches. These have been consulted for this 

desk top study, as well as the German Air Force (Luftwaffe) archives, from which only 2% of the documents 

survived the onslaught of the war. Annex 4 contains the relevant information from the BAMA. 

 

The National Archives in The Hague 

The Dutch National Archives have been consulted for more information on mine encounters and Dutch 

shipping. Annex 4 contains the relevant information. 

 

Post-war UXO clearance: Coast Guard and OSPAR 

The UXO-related interventions of the Coast Guard3 and the database of the OSPAR Commission4 were 

consulted. The results are shown in annex 5. 

 

Cartographic sources 

Part of the relevant information is shown on maps and charts. For this desktop study various sources were 

used in order to find relevant cartographic information: 

o Flanders Marine Institute; 

o Coastal Portal; 

o Compendium; 

 
3 The Royal Netherlands Navy keeps a detailed registration on UXO encounters in the Dutch and Belgian part of the North Sea. The 

registration provides information on UXO encounters since 2005. 
4 The Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR-convention) provides a framework 

for reporting encounters with conventional and chemical munitions in the OSPAR maritime area. 
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o Flemish Agency Marine Services & Coast; 

o UK Hydrographic Office; 

o Library of Congress. 

 

A preview of the used cartographic sources is given in annex 6. 

 

Crash Database 

The Belgian Aviation History Association maintains an online database of all (military) airplane losses in 

Belgium. This database is checked but no relevant results regarding the area of analysis were found. 

 

Belgian Ministry of Defence 

The client provided REASeuro with the information on naval mines, supplied by the Belgian Ministry of 

Defence. This information has been cross referenced with information that was available in the REASeuro 

database. 
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3 WAR RELATED EVENTS 

The consulted historical sources (see annexes 2 to 7) indicate several war related events within the area of analysis. The war related events derived from the 

historical sources are listed chronological in the table underneath. A primary analysis divides the events between events considered relevant and not relevant 

for the area of investigation. Relevant events are subsequently referred to a paragraph for further analysis. 

 
Event Historical sources Primary analysis  

Date Details Literature Belgian archives International archives Relevant? Paragraph 

1914-1918 During World War One, a large area was 

declared as the Dover Strait Minefield. 

DEC Ministry of Defence5 TNA, ADM: 234/561. 

BAMA, RM 5/4721k. 

Relevant, the area of analysis has 

overlap with this declared area and 

various minefields within it. 

4.3 

17 October 

1914 

A Dutch steamship sunk after hitting a 

mine. 

  NA, 2.05.32.09: no. 44. Relevant, suggest naval mines near the 

area of analysis. 

4.3 

1915 Beginning of the construction of the 

German coastal battery ‘Tirpitz’, with 4x 28 

cm S.K. L/45 guns. 

DES RMAFMH, ex-CDH: 

no. 1051. 

 Not relevant, despite its heavy calibre 

this battery could not reach the area of 

analysis. 

- 

7 September 

1915 

British bombardment with monitor ships 

on the German held part of the Belgian 

coast. 

BAC 1   Not relevant, the closest distance 

between the area of analysis and the 

coast (Dunkirk, France) is at least 34 

km. Despite their long range artillery, 

the British monitor ships operated 

some 24 km off the Belgian coast. 

- 

1916, 1917 The British Navy (Dover Patrol) lied a 

barrage in front of the Belgian coast 

consisting of naval mines and nets. 

BAC 1   Not relevant, according to the chart no 

minefields or other obstructions had 

overlap with the area of analysis. 

- 

1916 Beginning of the construction of the 

German coastal battery ‘Deutschland’, with 

4x 38 cm S.K. L/45 guns. 

DES RMAFMH, ex-CDH: 

no. 1051, no. 1073. 

 Relevant, this battery was able to reach 

the area of analysis. 

4.4 

October 1916 Beginning of the construction of the 

German battery ‘Pommern’, with 1x 38 cm 

S.K. L/45 guns. 

DES, VER RMAFMH, ex-CDH: 

no. 1051, no. 1073. 

 Relevant, in theory this battery was 

able to reach the area of analysis. 

However, this battery was mostly 

engaged with land-targets. 

4.4 

1940-1944 German heavy railguns appeared on the 

French and Belgian coast, especially near 

the Channel. 

ZAL, BUN  BAMA, RH 24-89: no. 3, no. 5. Relevant, some of these heavy guns 

could reach the area of analysis. 

4.4 

 
5 Documentation delivered by client. 
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Event Historical sources Primary analysis  

Date Details Literature Belgian archives International archives Relevant? Paragraph 

17 March 1940 The Dutch SS Annaland sunk after hitting a 

mine. The wreck lies in position 

51°22,996’N 02°00,142’E 

WRE   Relevant, the wreck lies within the area 

of analysis. 

4.5 

6 April 1940 British minelaying operation P, for the lay 

of the deep field ‘Z’. 

  TNA, ADM: 234/560, 239/285. Relevant, minefield lies partially in the 

area of analysis. 

4.3 

15 January 

1942 

British minelaying operation NQ(A).   TNA, ADM: 199/1167, 234/560, 

234/561. 

Relevant, minefield closely to the area 

of analysis. 

4.3 

22 January 

1942 

British minelaying operation NQ(B).   TNA, ADM: 234/560, 234/561. Not relevant, minefield lies outside the 

area of analysis. 

- 

12 February 

1942 

The passage of three German battle ships, 

and its convoys, to the south of the area of 

analysis. 

  TNA, ADM: 186/803, 234/561. 

TNA, AIR: 24/240, 14/3146, 

14/3364. 

BAMA, RM 67/18. 

Relevant, German records mention one 

air attack on four coastal patrol boats. 

4.2 

29 June 1942 British minelaying operation NU 1.   TNA, ADM: 234/560. Not relevant. The operation took place 

‘south of West Hinder’, but the exact 

location is not described. 

- 

July 1942 Laying of the German minefield E.9.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

13 July 1942 British minelaying operation NU 2.   TNA, ADM: 234/560, 239/284. Not relevant. The operation took place 

‘south of West Hinder’, but the exact 

location is not described. 

- 

5 August 1942 British minelaying operation NU 4.   TNA, ADM: 234/560. Not relevant. The operation took place 

‘south of West Hinder’, but the exact 

location is not described. 

- 

November 

1942 

Laying of the German minefield E.99.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

20 May 1944 The German fast boat S-87 was sunk after 

being hit by a British fighter-bomber. The 

wreck lies in the area of analysis. 

SBS   Not relevant. Although a wreck in the 

area of analysis is assigned to the S-87, 

this boat was in fact sunk in a position 

well outside the area of analysis, see 

also annex 2 and annex 4. 

- 

10/11 June 

1944 

Air attack on two vessels.   TNA, AIR: 25/362, 27/1813. Relevant, probably near or within the 

area of analysis. 

4.2 

6/7 July 1944 Air attack on eight German fast boats.   TNA, AIR: 25/363, 27/1997. Relevant, probably near or within the 

area of analysis. 

4.2 

17/18 August 

1944 

Air attack on German fast boats.   TNA, AIR: 25/365, 27/1997. Relevant, probably near or within the 

area of analysis. 

4.2 
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Event Historical sources Primary analysis  

Date Details Literature Belgian archives International archives Relevant? Paragraph 

NARA, RG 242 : T 1022/R 3146, 

T 1022/R 3871. 

18/19 August 

1944 

A British airplane, Avenger, bombed six to 

eight German fast boats. 

  TNA, ADM: 199/1971. 

TNA, AIR: 25/365. 

Relevant, probably near or within the 

area of analysis. 

4.2 

1 November 

1944 

Laying of the German minefield E.126.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

December 

1944 

Laying of the German minefield E.135.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

December 

1944 

Laying of the German minefield E.136   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

19 December 

1944 

German fast boats laid mines in sector AN 

8746 (or AN 8758). 

  NARA, RG 242: T 1022/R 3864.  Relevant, probably near or within the 

area of analysis. 

4.3 

22/23 

December 

1944 

German fast boats laid mines in sector AN 

8749. 

HMA  NARA, RG 242: T 1022/R 3864. Relevant, this sector has overlap with 

the area of analysis. 

4.3 

The German fast boat S-192 was sunk after 

being hit by the artillery of British 

destroyers. 

SBS  TNA, ADM: 199/1440, 

199/1971. 

NARA, RG 242: T 1022/R 3864. 

Relevant, surface craft battle. The 

wreck of the S-192 lies in the area of 

analysis. 

4.1, 4.5 

24 December 

1944 

German fast boats laid mines in sector AN 

8748-8747. 

HMA   Relevant, this sector has overlap with 

the area of analysis. 

4.3 

25 December 

1944 

German fast boats laid mines in sector AN 

8754. 

HMA  NARA, RG 242: T 1022/R 3864. Relevant, this sector has overlap with 

the area of analysis. 

4.3 

20/21 

February 1945 

Observation of a surface craft battle.   TNA, AIR: 25/371, 27/1997. Relevant, probably near or within the 

area of analysis. 

4.1 

March 1945 Laying of the German minefield E.145.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

12 March 1945 Air attack with machine guns on three 

German midget submarines. 

  TNA, AIR: 25/372, 15/285, 

27/1612. 

Relevant, probably near or within the 

area of analysis. 

4.2 

April 1945 Laying of the German minefield E.37.   BAMA, ZA5/44, ZA5/50. Relevant, minefield partially within the 

area of analysis. 

4.3 

25 April 1945 British air planes spotted a mine.   TNA, AIR: 25/373. Relevant, probably near or within the 

area of analysis. 

4.3 

18 May 1945 The US tanker John Woolman was 

damaged due to a ground mine. 

  TNA, ADM: 199/1172. Relevant, suggests ground mines 

in/near the area of analysis. 

4.3 

After May 

1945 

Post-war period. Since the beginning of 

the mine sweeping operations after May 

1945, it has to be taken into account that 

 SAB, BE-A0510.155: 

no. 1886, no. 1888. 

 Relevant, the way mine sweeping 

operations took place has an impact 

on the presence of mines at sea. 

4.3 
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Event Historical sources Primary analysis  

Date Details Literature Belgian archives International archives Relevant? Paragraph 

the mine risk is still present in cleared 

areas. 

1966 Sinking of the cargo ship Birkenfels MV. WRE   Not relevant, this was not caused by 

UXO. 

- 

1995 The wreck of a World War One German 

UB-III type submarine in the area of 

analysis is possibly the UB-54. 

TER   Relevant. 4.5 

2005 onwards Post-war UXO encounters.   Dutch-Belgian Coast Guard. 

OSPAR. 

Relevant, UXO of the following types 

were encountered within the area of 

analysis: naval mines (ground and 

contact), torpedo, aerial bomb 

4.2, 4.3 

- An overview of wrecks in the Belgian part 

of the North Sea shows various wrecks in 

and near the area of analysis. 

WRE Coastal Portal. 

 

Library of Congress. Relevant for further analysis. 4.5 

- Post-war military exercises are held at sea.  Compendium Coast 

& Sea. 

 Relevant for further analysis. 4.6 

Table 5: Chronological overview of war related events.
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4 ANALYSIS OF WAR RELATED EVENTS 

As listed in chapter 3, many war related events did occur in the area of analysis. The relevant events are 

analysed in this chapter in order to determine if UXO could remain. The events are grouped into five 

categories: war at sea, the air war, naval mines, coastal guns, wrecks, and post-war military exercises. 

 

4.1  WAR AT SEA 

During World War One as during World War Two, the North Sea was most of the times the action area of 

smaller navy vessels like patrol boats, motor gun boats, motor torpedo boats, minelayers and –sweepers, 

destroyers, and submarines. For the simple reason the North Sea was not sufficient enough to allow actions 

between larger battle ships and cruisers. Larger ships were too vulnerable in the North Sea. 

 

During the war of 1914-1918, the German empire deployed their naval forces along the Belgian coast, 

operating from Ostend and Zeebruges. The Flanders Navy Corps (Marinekorps Flanderen) accommodated 

three kinds of ships, specifically developed for the smaller Belgian harbours and shallow areas in the North 

Sea: a flotilla with motor torpedo boats, the somehow larger motor boat hunters (or destroyers), and 

submarines (to attack convoys and lay mines). The small motor boats could respond fast to enemy 

movement but were lightly armed, with machine guns, light cannon, and a few torpedoes. The destroyers 

were used to pull of enemy motor boats with their heavier armament, like cannon. The belligerent parties 

often patrolled their coasts and used minesweepers in order to keep their own waters clear. 

 

 
Figure 3: Example of a German torpedo ship in World War One. (Source, Ryheul, Marinekorps Flandern, p. 34). 

 

The findings of the First World War were further developed during the Second World War. Again, a large 

part of the North Sea coast came under German occupation. The German navy deployed a system with 

Safety Divisions (Sicherungsdivisionen) for protecting their coast and convoy routes. The German fast boats 

(Schnellboote) were used for actions closer to the enemy’s coast, like attacking convoys and minelaying. In 

turn, motor gun boats and motor torpedo boats of the British Nore Command operated near the German 

occupied coast. 
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Figure 4: Example of a German fast boat in World War Two. (Source: 

https://weaponsandwarfare.com/2015/11/11/german-schnellboot-s-boat/). 

 

When considering the surface craft battles, the area of analysis lies far from the region where most of the 

action occurred. This is due to the fact the area of analysis lies at least 30 km off the coast. This was well 

outside the area where the smaller patrol boats, minesweepers and motor boats operated. This changes 

during the Second World War after the Allied beach landings in Normandy (on 6 June 1944) and the 

capture of the Antwerp harbour (3-4 September 1944). Especially when the Allied convoy route Thames-

Antwerp came into use, the German command used their fast boats in order to disturb the supply of Allied 

troops in Europe. As this convoy route was situated just south of the area of analysis, potential more 

happened in or near this area. The German records were searched for surface craft battles, by using the 

German grid (Quadrants). These quadrants are shown in Figure 5 along with the post-war NF shipping 

route, which was almost equal to the Thames-Antwerp route. The consulted records reveal two surface craft 

battles relevant for this study, see paragraph 4.1.1 and 4.1.2. 
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Figure 5: Quadrants used by the German navy and a part of the NF shipping route. (Source basemap: ESRI). 

 

4.1.1 Surface craft battle, 22/23 December 1944 

The war diary of the Commander of the Fast Boats (Führer der Schnellboote) mentions a surface craft battle 

with British destroyers and motor gun boats in Quadrant AN 8749 at 21.15 hours (see Annex 4). The 

German fast boats were assigned for minelaying (see also paragraph 4.3) but were interrupted by a British 

patrol which fired with flares, cannon and machine gun. Most of the times, the German boats pulled back 

because the German navy could not afford the losses at this stage of the war. During this night, the German 

fast boat S-192 was hit and sunk (see also paragraph 4.5). 

 

 
Figure 6: Extract from the war dairy of the Commander of the Fast Boats. (Source: NARA, RG 242, T1022/Roll 3864). 

 

The record of the British Nore Command (see Annex 4) confirms the German actions during the night of 22 

to 23 December 1944. The British patrols existed of destroyers and motor gun boats, which engaged the 

German ships. At least three fast boats were claimed to sunk, and others damaged. 
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Figure 7: Extract from the war diary of Nore Command. (Source: TNA, ADM 199/1440). 

 

The H.M.S. Walpole was armed with 4 inch cannons, 2 pounder ‘pom-pom’ guns, 6 pounder anti-aircraft 

guns and four torpedoes. The H.M.S. Curzon was a frigate and was armed with 3 inch, 40 mm and 20 mm 

cannons, a 2 pounder gun, Mark 10 anti-submarine mortars and depth charges. The motor boats possessed 

lighter guns and machine guns. This gives an idea about the weapons used to pull off the German ships. 

 

4.1.2 Observation of a surface craft battle, 20/21 February 1945 

According to the records of Coastal Command, a Wellington bomber of 524 Squadron witnessed a gun fire 

fight between friendly and enemy naval forces about 0.26 hours in position 51 40 N 02 29 E, see annex 4. 

The location of this battle compared to the area of analysis is shown in Figure 9. The bomber experienced 

anti-aircraft fire from the German ships. 

 

 
Figure 8: Extract from the war diary of 524 Squadron, Coastal Command. 
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Figure 9: The position (approximately) were a Wellington bomber sighted a surface craft battle. 

 

As shown in Figure 9, the action probably took place west of the area of analysis. In practice, the records of 

pilots above the sea are often proven to be very inaccurate. Therefore, a more in depth search was 

committed in order to find more information in the British records, but this yielded no relevant results. 

Since the German records from mid-January 1945 to the end of the war are lost, no other options are 

available to get a closer look on this battle. This event shows clearly the difficulty of navigation at sea. 

 

4.1.3 Conclusion 

According to the consulted sources only one surface craft battle occurred in or near the area of analysis. 

This is mainly due to the position of the area, when lying mostly out of the operation area of surface crafts 

during both world wars. During a short period, fall 1944 – May 1945, an important shipping route ran just 

south of the area of investigation. The presence of this route enforced German minelaying (see paragraph 

4.3). When discovered, the German boats were engaged by British ships and usually ran off. Since the 

German records from mid-January to May 1945 are lost (see also paragraph 4.8), not much primary 

information could be used. 

 

Based upon the results of the consulted sources and taken into account the position of the area of analysis 

(far off the coast), the presence of UXO from surface craft battles is stated as remote. This applies to the 

whole area of analysis. 
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One exception is to be made. Since many small navy vessels during World War One and Two could be 

armed with torpedoes and the fact a torpedo was encountered within the area of analysis in August 2014 

(see annex 5), the presence term for torpedoes is stated as probable for the entire area. 

 

UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

Small calibre 

ammunition 

.303 

Remote 

These three main UXO groups 

were present on the small 

surface vessels, which mostly 

operated the North Sea during 

both World Wars.  

Most of the time, attacks on and 

fire contacts between surface 

craft vessels took place closer 

towards the coast. Since the area 

of investigation lies at least 30 

km off the Belgian coast, 

confrontations in or near the 

area of investigation were 

probably only incidental. The 

available sources mention only 

one confrontation, namely the 

shelling and sinking of the 

German S-192 (night 22-23 

December 1944). 

 

0 - 100 Fired  

.50 0 - 100 Fired  

13,2 mm 0 - 100 Fired  

15 mm 0 - 100 Fired  

Artillery shells – 

war vessels 

2 cm/20 mm 

Remote 

0 - 100 Fired  

2 pr. pompom 0 - 100 Fired  

3.7 cm 0 - 100 Fired  

40 mm Bofors 0 - 100 Fired  

6 pr. 0 - 100 Fired  

3 in 0 - 100 Fired  

8.8 cm 0 - 100 Fired  

4 in 0 - 100 Fired  

Rockets RAG 

Remote 

0 -50 Fired  

Flares 0 - 100 Fired  

Underwater 

ammunition – 

depth charges 

7 in Hedgehog 

mortar and 

others. 

Remote 

As is the case with the three 

UXO groups above, depth 

charges could also be carried by 

small vessels, no evidence was 

found on the use of depth 

charges in or near the area of 

analysis. 

0-100 Armed 

Underwater 

ammunition – 

torpedoes 

18 in torpedo 

Probable 

Torpedoes could also be 

launched from small surface 

vessels. In 2014, a torpedo was 

encountered in the area of 

analysis and was destroyed. 

0 - 20 Fired 

53,3 cm torpedo 0 - 20 Fired  

Table 6: Expected UXO. 

 

4.2  AIR WAR 

Air power during the First World War was mostly used for reconnaissance, guidance of artillery fire and 

mail. The early air force was not a self-employed army unit like in World War Two or nowadays, but was 

considered as a part of the land army. On the western front, air planes flew mainly above the battlefield or 

close to the coast. During the 1914-1918 war, the airplane developed more into a separate unit with a 

specialist divisions like fighter and bomber planes. Despite these developments, the scale on which planes 

and zeppelins crossed the Channel is nothing compared to the air war during the Second World War. 

Hence, this part focuses mainly on the period 1940-1945. In and in the broad vicinity of the area of analysis 

some events relating to the air war did occur. This concerns air strikes on and jettisons of bombs. 
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4.2.1 Air strikes on surface vessels 

Like with the war at sea, the area of analysis saw less action because the German convoy routes were 

situated closer to the coast. Until June 1944, the air planes of Coastal Command largely operated against 

enemy vessels and convoys. From June 1944 onwards Allied aerial together wits naval forces increasingly 

operated against German intruders, fast boats and midget submarines, who tried to disturb the Allied 

supply routes at sea. 

 

The locations of the air strikes are seldom very accurate. Navigating above the sea was not an easy task and 

the enemy used the shelter of the dark and cloud, so the Allied pilots were obliged to take bearings at 

night. As put into practice in paragraph 4.1.2 the attempt is made to link the reports of Allied pilots to 

German war diaries. All the results are summarized in the table beneath. The more elaborated information 

is to be found in annex 4. 

 

Date Allied source German source Remarks (optional) 

12 February 1942 No Yes Passing of the German battle ships Scharnhorst, 

Gneisenau and Prinz Eugen through the Channel. 

10/11 June 1944 Yes No  - 

6/7 July 1944 Yes No - 

17/18 August 

1944 

Yes Yes The German records mention one bomb exploding in 

the wake of a group of German fast boats in Quadrant 

AN 8743 right side lower corner. 

18/19 August 

1944 

Yes  No - 

March 1945 Yes No Air attack with machine guns on German midget 

submarines. 

Table 7: overview of air strikes on surface vessels. 

 

The two quadrants where the German records mention air strikes, are shown in the below figure: 

 

 
Figure 10: Quadrants where air strikes took place are highlighted with red. 
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On 12 February 1942 German battle ships and its convoys passed to the south of the area of analysis. The 

British navy and air force made efforts to sink them. Although, German records of the involved units did not 

mention any attack near the area of analysis the records of the Security Divisions (Sicherungsdivisionen) 

did. A group of outpost boats (Vorpostenboote) was attacked in AN 8746 with bombs by two Hudson air 

planes. An additional search in the records of Coastal Command was carried out in order to connect this 

event with primary British records, however without result. 

 

 
Figure 11: Extract of a war diary of the Security Divisions. (Source: BAMA, RM 67/18). 

 

During the night from 17 to 18 August 1944, German fast boats of the 10th Fast Boat Flotilla mention the 

dropping and explosion of an aerial bomb in AN 8743, causing no damage. The British Coastal Command 

records show that during the same night three Wellington bombers were active in the vicinity of the 

referred quadrant. One Wellington attacked fast boats with three 500 lbs bombs (with No. 44 nose pistol 

and tail fuze .14 seconds delay). According to the pilots observations a bomb was seen to burst in front of 

the second boat, which matches with the German report stating that a bomb exploded after the leading 

vessel. The two other bombs are not accounted for in any record and did possibly not explode. 

 

This far, for only one air attack archival sources point out that it took place in the area of analysis. The 

evidence for the other attacks is too week to pinpoint them for sure. Another war related event that could 

cause aerial bombs to remain at the sea bottom is discussed in the next paragraph. 

 

4.2.2 Jettisoned bombs 

During the Second World War groups varying from few to many British and American bombers flew almost 

on a daily basis (day and night) towards targets in Germany or German occupied territory. The flight paths 

towards targets and back to base (in the United Kingdom) ran across the North Sea. Annex 4 gives an 

example of a flight path that crosses the area of analysis. 

 

The Allied bombers were often attacked by German fighters in order to prevent the bombers bombing their 

targets. Hundreds of planes were hit and/or shot down. When a bomber was involved in an air battle the 

procedure was to jettison the bombs. This would reduce the weight of the bomber enabling it to increase 

the speed and manoeuvrability, and thus the crews chance to survive. Normally, bombs had to be 

jettisoned in a safe, i.e. unarmed, condition. This procedure is documented in a record from The National 

Archives (see annex 4). Jettisons in the sea also happened when aircraft could not find a suitable target or in 

other cases when a crew could not drop their bombs. The reason to jettison the bombs was to avoid a 

landing with the bomb load, which was a risk full event. Jettisons were seldom accurately documented. 

Furthermore, bombs were also jettisoned live, thus without their safety. 

 

It is not clear how many times such jettisons occurred. These jettisons were seldom recorded and if they 

were, a precise location is barely mentioned. It is estimated that – due to the intensive bombing campaigns 

– many jettisons occurred in the North Sea and therefore possibly in the area of analysis. In 2005, a 1,000 

lbs bomb (US) was encountered and destroyed in the area of analysis, see annex 5. The nationality and 

calibre of this bomb does not match with the recorded air strikes near or within the area of analysis.  
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Based upon the consulted sources, it is concluded that aerial bombs could remain in the area of analysis as 

a result of jettisons. Because it is not possible to define the calibres specifically, the most common allied 

bombs are taken into account. Detailed information on the UXO is given in annex 10. 

  

4.2.3 Conclusion 

A few air strikes are accounted for in or near the area of analysis. In most cases, insufficient sources are 

available for further research. This problem is largely powered by the fact that the locations in Allied records 

are not that accurate. At the end, only one air strike most certainly happened within the area of analysis. 

Next to air attacks, the many jettisons during Allied bomber raids could cause bombs to remain in the area 

of analysis. This is proven by the encounter of a US bomb in 2005. 

Regarding the few air attacks and the finding of an aerial bomb, the presence of aerial bombs within the 

area of analysis is stated as probable. Due to geographical inaccuracies and the absence of specific 

positions of jettisons, this applies for the whole area of analysis. 

 

UXO main group Subtype / calibre Likelihood of 

presence 

Remarks  

Aerial bombs Incendiary bombs (4 lbs, 

25 lbs, 30 lbs) 

Probable 

Some evidence of air attacks in the vicinity of 

the area of analysis was found. Another, 

often underestimated, aspect of the air war 

are the jettisons. These jettisons were seldom 

recorded, but regarding the almost 

continuously allied bomber raids over 

Germany and German occupied country, the 

chance bombloads were jettisoned in the 

North Sea is rather big. Furthermore, in May 

2005 an aerial bomb (US, 1,000 lbs) was 

encountered in the area of analysis. 

High explosive bombs 

(100 lbs, 250 lbs, 260 lbs, 

300 lbs, 500 lbs, 1.000 lbs, 

2,000 lbs, 4,000 lbs) 

Table 8: Expected UXO. 

 

4.3  NAVAL MINES 

Naval mines were laid in the North Sea during the First and Second World War. The purpose was twofold. 

Mines were used in a defensive way to protect own waters and ports and to hold off enemy ships. At the 

same time, mines could be used to harass enemy shipping and obstruct military movements. Mines could 

be laid by surface ships, submarines and aircraft. During the First World War moored contact mines were 

used almost uniquely. Moored mines float beneath the water surface and are kept in position with an 

anchor and anchor cable. This technique was also used during the Second World War. Next to contact 

mines, the belligerent parties developed influence mines. These mines were laid on the sea bottom and 

would detonate if sensors in the mine detect a difference in pressure, sound, or magnetism caused by a 

passing ship. 

 

The area of analysis has overlap with minefields from the First and Second World War. These minefields, the 

post-war clearance and UXO encounters are discussed in the next paragraphs. A conclusion is added in 

paragraph 4.3.5. 

 

4.3.1 First World War 

A map from the Library of Congress (see annex 6) shows a minefield overlapping the area of analysis. This 

was the Dover Barrage, a large declared mine area of the British. This map is not quite accurate since it 

shows only the approximate position of the area. Within the large area of the Dover Barrage, many 

minefields and net barrages were laid. The main goals were to protect the French coast from a German 

landing party, and to fence off the Channel to avoid German submarines to attack Allied convoys. In total, 
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British ships laid more than 29,000 mines during the First Word War. The presence of the mine area is also 

confirmed in literature (see annex 2), historical sources (see annex 4) and information from the Belgian 

Ministry of Defence (see annex 7). 

 

The most accurate information on the mine fields from the First World War is to be found in the article 

“World War I Underwater Cultural Heritage in the Belgian part of the North Sea” (see annex 2) and the 

information from the Belgian Ministry of Defence. A comparison between both sources is given in Figure 12 

(see next page). 
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Figure 12: Comparison of First World War mine fields which overlap the area of analysis. 
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Both sources give an almost equal insight in the First World War minefields that have overlap with the area 

of analysis. All these minefields were British. According to the information of the Belgian Ministry of 

Defence an estimated amount of 3,978 mines were laid in these fields. No information about the exact type 

of mines was found, but the belligerent parties during the First World War used almost uniquely moored 

contact mines. The most common British mines were the Vickers / British Elia and the H Mk II mines. 

 

Records from The Dutch National Archives (see annex 3) contain evidence that also ships of neutral nations 

were sunk during the First World War due to mines. On 17 October 1917 a Dutch steamship, the SS 

Noordam, sunk in the vicinity of the area of analysis after hitting a mine (see annex 4). 

 

4.3.2 Second World War 

The mine war during the Second World War saw different means of how mines were used. Facing a rising 

tension for a war in the west the belligerent parties laid defensive minefields in preparation, which were 

supplemented by offensive minefields when the war broke out in May 1940. The Second World War 

minefield concerning the area of analysis were all put in place by surface crafts. The next two topics take a 

deeper look into the British and German minefields. 

 

British minefields (offensive and defensive) 

On 6 April 1940, British forces laid the first minefield (operation ‘PB’) that has overlap with the area of 

analysis. This was a defensive minefield to block off German submarines. In January 1942, British minefields 

were laid in order to harass German military movements and convoys. During operation ‘NQ (A)’, an 

offensive minefield was laid just outside the area of analysis. The table below summarizes these minefields. 

 

Date laid Operation Type  

Sort 

Amount Depth Remarks  

6 April 1940 PB Moored mines 

H2/VIII 

300 65 feet [19.81 m] - 

15 January 1940 NQ (A) Moored mines 

M Mk I 

99 18 feet [5.49 m] Mk XVII sinkers 

Two lines. 

Table 9: Overview relevant British minefields.  
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Figure 13: Positions of British minefields. (Basemap: ESRI). 

 

German minefields (offensive and defensive) 

Regarding the area of analysis, the German mine laying actions can be distinguished into two different 

period. First, from 1942-1944 defensive minefields as a means to protect the coast together with the 

construction of massive defence works (the Atlantic Wall) since more troops were needed for operations in 

Russia. The second period from fall 1944 and onwards, when offensive minefields were laid to disrupt the 

Allied convoys between England and Antwerp. An overview of the German minefields is given in Table 10. 

 

Date Name Type 

Sort 

Amount Depth Remarks  

July 1942 E.9 Moored contact mines 

EMC 

250 10 feet [3.05 m] Also 400 explosive floaters 

and 200 static cutters were 

placed. 

November 

1942 

E.99 Moored contact mine  

UMA (anti-submarine) 

180 [not mentioned] Considered “swept”. 

1 November  

1944 

E.126 Moored contact mine  

UMB (anti-submarine) 

9 7 feet [2.10 m] Irregular area. 

Ground mine 

LMB 

6 - 

December 

1944 

E.135 Moored contact mine  

UMB (anti-submarine) 

6 7 feet [2.10 m] Belt 1/3 mile [536.45 m] 

wide. 

Ground mine 

LMB III 

12 - 

December 

1944 

E.136 Moored contact mine  

UMB (anti-submarine) 

12 7 feet [2.10 m] Mines scattered. 

Ground mine 

LMB 

20 - 

March 1945 E.145 Ground mine 

LMB (MA2) 

6 - 28-day sterilizer. Also 3 

LMB DM1 and 3 LMB MA3 

laid safe. 
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Date Name Type 

Sort 

Amount Depth Remarks  

April 1945 E.37 Ground mine 

LMB (DM1, MA2, MA3) 

5 - - 

Table 10: Summary of the German minefields. 

 

 
Figure 14: Positions of German minefields. (Basemap: ESRI). 

 

The consultation of (historical) sources yielded four events in December 1944 during which German fast 

boats laid mines in quadrants that overlap with the area of analysis, see annex 2 and 4. Only two minefields, 

relevant for the area of analysis, were laid in December 1944. When comparing these events with the 

German mine laying records from the Bundesarchiv, no clear relation can be made because the precise 

dates are lacking and the amounts of mines do not match. 

 

As during the First World War, the area of analysis witnessed also al lot of minelaying activity during the 

Second World War. The post-war mine sweeping operations are inevitably linked with these war related 

events and is discussed in the next paragraph.  

 

4.3.3 Post-war mine clearance 

After World War I, a large effort was made to clear shipping lanes of naval mines. It took several months 

and a fleet of minesweepers to clear the mine fields. Sweeping was carried out by towing a cable with 

anchors below the water surface. The cable was dragged by two ships. 
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Figure 15: Post WWI-mine sweeping. (Source: REASeuro database). 

 

Mines also continued to pose a danger to shipping after World War II. In order to combat this threat, a 

large scale minesweeping campaign was set up. The area of analysis was partly situated in the Belgian 

sweeping zone. Archival documents (see annex 3) show shipping lanes in the vicinity of the area of analysis. 

Minesweeping was conducted with a variety of methods. Moored mines were usually swept with Oropesa 

sweeping gear6. 

 

 
Figure 16: Oropesa sweeping (source: ‘The 'Art' of Minesweeping’, 27 May 2013, 

http://www.minesweepers.org.uk/sweeping.htm, consulted 19 April 2021). 

 

The moorings of the mines were cut with cutters dragged on a wire behind a ship. Cutting the mooring 

wires/cables caused the mines to float to the surface, where the mines could easily be shot with cannon or 

rifle fire. Shooting the mines caused them to sink or to detonate. Ground mines were swept with acoustic 

hammer boxes, triggering the acoustic mines, or by magnetic sweeping gear to trigger magnetic mines. 

 

 
6 So named after the World War I trawler in which the technique was first developed. Till then all sweeping was done using two ships 

joined by a single wire. 
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Figure 17: Mine disposal team preparing to fire on swept mines. (Source: TNA, ADM 199/154). 

 

Minesweeping was not synonymous to mine clearance. This difference was known by the different countries 

who took part in the international minesweeping operations after the Second World War. Reports states 

that although waters were swept, the mine risk was still present (see annex 3). Objective of the operations 

was to clear the shipping lanes for navigation. Shortly after the war, a US tanker ship was sunk caused by a 

ground mine near the area of analysis (see annex 4). The sea bottom is still littered with unexploded mines, 

including swept and sunken moored mines, self-disarmed mines7 and ground mines with empty batteries. 

Nowadays, fishermen and dredging ships still encounter these naval mines on a regular basis. Based upon 

the UXO encounters logged by the coast guard and Ospar (see annex 5), since 2005 three items relating to 

mine warfare were encountered in the area of analysis: a sinker of a moored mine, a moored contact mine 

and a German ground mine.  

 

As a cause of clearance operations, tidal and other weather conditions, moored mines could break loose 

from their anchor and migrate. Furthermore, due to extensive pair and beam trawling there is often no clear 

relation between the positions of encountered mines and the locations of historical minefields. This 

observation is confirmed in the consulted literature (see annex 2). 

 

4.3.4 Conclusion 

The area of analysis was subjected to the mine warfare, since at least twelve mine fields from World War 

One and eight from World War Two intersect with the area. Furthermore post-war minesweeping 

succeeded in securing the shipping lanes, but did not manage to dispose of all mines. Many mines still litter 

the seabed, with mechanical fusing mechanisms still in place. Sweeping, trawling and extreme tidal and 

weather conditions caused these mines to migrate over the years, resulting in a situation in which there is 

 
7 According to international laws, mines are obligated to include mechanisms to automatically disarm or ‘self-sterilize’ them after a set 

time. Moored mines were to sink to the seabed after a given time through, for example, a soluble plug, while ground mines disarmed 

automatically through a timing mechanism or simply at the end of their battery life. These mechanisms move the mine out of harm’s 

way, but do not disable mechanical fusing mechanisms like herz horns and anti-handling devices.  
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no longer a clear link between the original minefields and the current positions of naval mines. Since 2005, 

three objects relating to the mine warfare were encountered in the area of analysis. 

 

Taken into account all the facts as described above mines, contact mines as well as ground mines, are to be 

expected in the whole area of analysis with the presence term stated as certain. 

 

UXO main group Subtype / calibre Likelihood of 

presence 

Remarks  

Underwater 

ammunition – 

moored mines 

British Elia / 

Vickers Elia 

Certain 

During both World Wars, naval 

minefields were laid in and near 

the area of analysis. No less than 

twenty individual minefields had 

overlap with the area of analysis. 

During both wars, a ship was 

sunk in the vicinity after 

striking/activating a mine. 

According to post-war UXO 

encounters a German ground 

mine, a moored mine, and a 

sinker were found within the 

area of analysis. It has to be 

taken into account that post-war 

mine clearance operations did 

not always mean naval mines 

were actually disposed. In many 

cases swept mines sunk to the 

bottom. 

0 - 10 Armed 

GB Type H Mk. II 0 - 10 Armed 

German E-mine 0 - 10 Armed 

GB M Mk. I (with 

Mk. XV and Mk. 

XVII sinkers) 

0 - 10 Armed 

GB Mk. I 

obstructers 

0 - 10 Armed 

German EMC-

mine 

0 - 10 Armed 

Explosive 

floaters 

0 - 10 Armed 

German UMA-

mine 

0 - 10 Armed 

German UMB-

mine 

0 - 10 Armed 

Underwater 

ammunition – 

ground mines 

German LMB 

and LMB III, with 

fire mechanisms 

DM1, MA1, 

MA2, and MA3. 

Certain 

0 - 10 Armed 

Table 11: Expected UXO. 
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4.4  COASTAL GUNS 

Coastal guns were traditionally used in strongpoints that had to defend harbours from enemy ships. Since 

the area of analysis is situated at least 30 km off the coast, not many coastal guns were able to reach this 

distance. Only during the First and Second World War a few German heavy guns, mounted on railways, 

were able to reach the area of analysis. An overview is given in Table 12. The locations of the batteries and 

their shooting areas are shown in Figure 18 and Figure 19. 

 

First World War 

Battery Calibre Range (in theory) 

Deutschland-Jacobinessen 38 cm 55,000 m 

Pommern-Leugenboom 38 cm 55,000 m 

Second World War 

Battery Calibre Range (in theory) 

Eisenbahn-Artillerie-Batterie 688 (Coquelles) 28 cm 64,000 m 

Eisenbahn-Artillerie-Batterie 710 (Nieulay) 28 cm 64,000 m 

Eisenbahn-Artillerie-Batterie 701 (Hydrequent) 21 cm 115,000 m 

Eisenbahn-Artillerie-Batterie 701 (Le Portel) 21 cm 115,000 m 

Eisenbahn-Artillerie-Batterie 701 (Terlincthun) 21 cm 115,000 m 

Table 12: Overview of German heavy rail guns able to reach the area of analysis. 

 

It should be noted that the given ranges are the distances a specific shell could reach in the most ideal 

circumstances. For example, although the maximum range of the 21 cm gun was in theory 115,000 m, the 

furthest hit recorded of such a gun was approximately 95,000 m. But in practice, the most effective range of 

the 21 cm gun amounted ‘only’ 45,000 m. The consulted sources seldom mention firing actions of coastal 

guns, let alone that suitable targets were present in the area of analysis during the period these heavy guns 

were active. 

 
Figure 18: Location and firing range of German heavy railway guns, 1914-1918. 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 52 / 154 

 

 

 

 
Figure 19: Location and firing range of German heavy railway guns, 1940-1945. 

 

4.4.1 Conclusion 

Since the area of analysis lies at least 30 km off the Belgian coast, only a few coastal guns were able to 

reach – in theory – the area of analysis. For the guns who could, it is not clear if they in fact fired at targets 

present in the area of analysis. Precisely because of the far distance and the low shipping activity (the area 

of analysis was heavily mined, see also paragraph 4.3), it is estimated that an artillery shell would rather 

have ended up there by coincidence. Therefore the presence term for artillery shells from coastal guns is 

stated as remote. 

 

UXO main group Subtype / calibre Likelihood of 

presence 

Remarks  

Artillery shells – 

coastal guns 

21 cm 12N (E) 

Remote 

Only a few coastal guns could 

reach the area of analysis and 

almost evidence was found on 

specific engagements within or 

near the area of analysis. 

0 - 5 Fired  

28 cm Kanone 5 

(E) "Leopold" 

0 - 5 Fired  

38 cm SK L/45 

“Max” 

0 - 5 Fired  

Table 13: Expected UXO. 

 

4.5  WRECKS 

According to consulted sources (literature, Coastal portal, and international archives), eight ship wrecks lie 

within the area of analysis. Five of them have a link with war related events or were in military service at the 

time. An overview is given in Table 14. 

  



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 53 / 154 

 

 

Ship name  

(nation) 

Type  Date sunk Remarks  

UB III 

(Germany) 

Navy vessel, 

submarine 

1917-1918 It is not precisely known which UB III-class 

submarine it is, literature (annex 2) suggests it might 

be the U-54. 

SS Annaland 

(Netherlands) 

Cargo ship, 

steam ship 

6 April 1940 Ran on a mine.  

S-87 [not correct] 

(Germany) 

Navy vessel, fast 

boat 

20 May 1944 The S-87 sunk in in another position, at least 26 km 

from the area of analysis. This is confirmed by 

wrecksite.eu (annex 2) and NARA (annex 4). 

Therefore, the name of this wreck is not correct in 

the information of Coastal portal. 

S-192 Navy vessel, fast 

boat 

22/23 December 

1944 

See also paragraph 4.1. 

S-boat? 

(Germany) 

Navy vessel, fast 

boat 

Unknown  Due to the brief information, no further analyse is 

possible. 

Table 14: UXO-related shipwrecks. 

 

The table points out that four wrecks are possibly military vessels. At these wreck locations, one has to take 

into account the weaponry of these former military ships. There is a chance for torpedoes, artillery shells, 

small calibre ammunition, and fireworks at these locations. It is estimated that the condition of the 

expected UXO is ‘safe’, i.e. the UXO were not fired. Next to possible left UXO, there is also a chance that the 

wrecks have been designated as a grave for crewmembers, which means that certain wrecks cannot be 

randomly removed. The UXO presence term is stated as probable. For the other ships mentioned in annex 

6, no UXO risk area is demarcated. 

 

 
Figure 20: Specific UXO Risk Areas for military shipwrecks. 
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4.6  MILITARY EXERCISE AREAS (POST-WAR) 

Based upon information from Coastal portal (see annex 6) a military exercise zone has overlap with the area 

of analysis. It concerns a zone where shooting practices on floating objects took place. It is not clear if this 

zone was used by the naval force, the air force, or both. Furthermore, it is not known since when this zone is 

used as exercise area and which kind of ammunitions were used. This military zone is redefined since a new 

offshore windfarm zone, the Princess Elisabeth Zone, is planned. 

 

There are no post-war UXO encounters that suggest training ammunition could have remained in the area 

of analysis. Training is performed with both, life and target practise ammunition. Training ammunition can 

be filled with explosives to simulate the impact, like smoke markers or smaller amounts high explosive.  

 

 
Figure 21: Military use of the Belgian North Sea, practice area in black. (Source: Coastal portal). 

 

4.7  GAPS IN KNOWLEDGE 

When conducting the desktop study, some gaps in knowledge did appear: 

• Many German documents did not survive Word War II. German primary sources are often lacking. This 

is specific the case with German navy records of Fast Boat Commander which were lost since mid-

January 1945. 

• It is not possible to exactly pinpoint war-related events at sea. Historical records concerning war at sea 

mention often inaccurate locations. This problem is partly solved by defining a larger area of analysis. 

Events that took place within this area could have led to a UXO risk area. 

• Information on UXO encounters and disposal between 1945 and 2005 is incomplete. 

• Many of the encountered UXO at sea is not identified thoroughly. 
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• A connection between German minefields and action reports of German fast boats since the latter 

sources do not produce sufficient information. 

• It is unknown how many times each individual coastal gun fired and to which target is was aimed. 

• No information was found if airplanes crashed into the area of analysis. 

• For some shipwrecks, the precise name is unclear. 

• It is unclear for how long the exercise area has been used. Furthermore, no information was found on 

the nature of exercises and the amount and type of UXO used. 

 

4.8  UXO RISK AREA: HORIZONTAL DEMARCATION 

Based upon the above paragraphs it is concluded that UXO could remain in the area of analysis. Detailed 

specifications of the expected UXO are added into annex 8. The horizontal demarcation of the different 

UXO risk areas is explained at the end of each paragraph (4.1, 4.2, 4.3, 4.4, 4.5, and 4.6). It is seldom possible 

to define specific UXO risk areas in an offshore environment. In most cases the presence term is defined for 

the whole area of analysis. The shipwrecks are pin pointed onto their location and a buffer of 50 m is 

added. 

 

The different UXO risk areas are shown in drawing 02. The general information about the expected UXO is 

listed in Table 15. 

 

UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

Small calibre 

ammunition 

.303 Remote These three main UXO groups 

were present on the small 

surface vessels, which mostly 

operated the North Sea during 

both World Wars.  

Most of the time, attacks on and 

fire contacts between surface 

craft vessels took place closer 

towards the coast. Since the area 

of investigation lies at least 30 

km off the Belgian coast, 

confrontations in or near the 

area of investigation were 

probably only incidental. The 

available sources mention only 

one confrontation, namely the 

shelling and sinking of the 

German S-192 (night 22-23 

December 1944). 

 

0 - 100 Fired  

.50 0 - 100 Fired  

13,2 mm 0 - 100 Fired  

15 mm 0 - 100 Fired  

Artillery shells – 

war vessels 

2 cm/20 mm Remote 0 - 100 Fired  

2 pr. pompom 0 - 100 Fired  

3.7 cm 0 - 100 Fired  

40 mm Bofors 0 - 100 Fired  

6 pr. 0 - 100 Fired  

3 in 0 - 100 Fired  

8.8 cm 0 - 100 Fired  

4 in 0 - 100 Fired  

Rockets RAG Remote 0 -50 Fired  

Flares 0 - 100 Fired  

Underwater 

ammunition – 

depth charges 

7 in Hedgehog 

mortar and 

others. 

Remote As is the case with the three UXO 

groups above, depth charges 

could also be carried by small 

vessels, no evidence was found 

on the use of depth charges in 

or near the area of analysis. 

0-100 Armed 

Artillery shells – 

coastal guns 

21 cm 12N (E) Remote Only a few coastal guns could 

reach the area of analysis and 

almost evidence was found on 

0 - 5 Fired  

28 cm Kanone 5 

(E) "Leopold" 

0 - 5 Fired  
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UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

38 cm SK L/45 

“Max” 

specific engagements within or 

near the area of analysis. 

0 - 5 Fired  

Underwater 

ammunition – 

torpedoes 

18 in torpedo Probable Torpedoes could also be 

launched from small surface 

vessels. In 2014, a torpedo was 

encountered in the area of 

analysis and was destroyed. 

0 - 20 Fired 

53,3 cm torpedo 0 - 20 Fired  

Aerial bombs Incendiary 

bombs (4 lbs, 25 

lbs, 30 lbs) 

Probable Some evidence of air attacks in 

the vicinity of the area of analysis 

was found. Another, often 

underestimated, aspect of the air 

war are the jettisons. These 

jettisons were seldom recorded, 

but considering the almost 

continuous Allied bomber raids 

over Germany and German 

occupied country, the chance 

bombloads were jettisoned in 

the North Sea is rather 

significant. Furthermore, in May 

2005 an aerial bomb (US, 1,000 

lbs) was encountered in the area 

of analysis. 

 Safe / armed 

High explosive 

bombs (250 lbs, 

260 lbs, 300 lbs, 

500 lbs, 1.000 

lbs, 2,000 lbs, 

4,000 lbs) 

 Safe / armed 

Underwater 

ammunition – 

moored mines 

British Elia / 

Vickers Elia 

Certain During both World Wars, naval 

minefields were laid in and near 

the area of analysis. No less than 

twenty individual minefields had 

overlap with the area of analysis. 

During both wars, a ship was 

sunk in the vicinity after 

striking/activating a mine. 

According to post-war UXO 

encounters a German ground 

mine, a moored mine, and a 

sinker were found within the 

area of analysis. It has to be 

taken into account that post-war 

mine clearance operations did 

not always mean naval mines 

were actually disposed. In many 

cases swept mines sunk to the 

bottom. 

0 - 10 Armed 

GB Type H Mk. 

II 

0 - 10 Armed 

German E-mine 0 - 10 Armed 

GB M Mk. I 

(with Mk. XV 

and Mk. XVII 

sinkers) 

0 - 10 Armed 

GB Mk. I 

obstructers 

0 - 10 Armed 

German EMC-

mine 

0 - 10 Armed 

Explosive 

floaters 

0 - 10 Armed 

German UMA-

mine 

0 - 10 Armed 

German UMB-

mine 

0 - 10 Armed 

Underwater 

ammunition – 

ground mines 

German LMB 

and LMB III, 

with fire 

mechanisms 

DM1, MA1, 

MA2, and MA3. 

Certain 0 - 10 Armed 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 57 / 154 

 

 

UXO main 

group 

Subtype / 

calibre 

Likelihood 

of 

presence 

Remarks  Amount 

(estimated) 

Condition  

Wreck 

locations: 

different UXO 

types 

Small calibre 

ammunition, 

artillery shells, 

torpedoes. 

Probable Besides UXO, it should be noted 

that human remains could be 

present in or near wrecks. 

Unknown  Safe 

Table 15: General overview of expected UXO according to a presence level.  
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5 UXO BURIAL ASSESSMENT 

In dynamic sediment conditions, UXO items are likely to become buried; the maximum depth of burial 

depends on a number of variables that have been explored below. In the offshore marine environment, 

UXO burial is predominantly due to one or a combination of three mechanisms: 

- Initial impact; 

- Scour; 

- Bedform migration. 

 

5.1  BURIAL ON IMPACT 

The first mechanism for UXO burial to consider is initial impact.  In the marine environment the kinetic 

energy of a bomb or parachute mine is rapidly attenuated by the water it passes through and its geometry 

is changed substantially. The depth of water, therefore, is also an important factor in estimating the likely 

burial depth on impact. 

 

Experiments with aerial bombs impacting on water have been performed in the USA with Mk 84 bombs, 

these bombs are similar to those used during the Second World War. The experiments show that the 

trajectory of a bomb falling into water at an angle of entry of ~90° (the most ideal penetration angle) is 

rapidly altered by the water. The bomb rotates and orientates to near parallel to the seabed by a water 

depth of around 5 meters8 (see Figure 22). Its burial in sandy soils due to impact will be minimal in water 

depths over 5 m. Burial on impact of a large parachute mine will also be minimal at larger water depths. The 

water depth within the investigation area varies from 5.0 to 40.5 m (LAT) with the majority of the area of 

analysis being well over 5 meters in depth. Burial upon impact is considered to be minimal or null. 

 

 
Figure 22. Trajectory of Mk84 with no tail section and water-entry velocity of 296 m/s. 

  

 
8 Chu P.C. et al,  Semi Empirical Formulas of Drag/Lift Coefficients for High Speed Rigid Body Manoeuvring in Water Column, May 2008 
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5.2  SCOUR 

Scour is the change in bed configuration due to the change in flow pattern around an object such as a UXO 

placed on or near the surface of a movable bed. The presence of the object modifies the flow pattern 

around the object, generating vortices that locally increase and decrease the bed’s flow stresses (see Figure 

23)9. The vortices cause depressions and mounds to form on the bed surface. Objects placed on beds where 

the flow caused no apparent motion can locally increase the bed stress behind the object and induce bed 

motion and scour. 

 

 
Figure 23. Vortex scouring. 

 

Studies of mines placed on sandy bottoms show that subsequent burial occurs through a series of scour 

events followed by rolling or sliding of the mine into the scour depression10. It has been shown that the 

amount and rates of scour and burial of objects on the sea floor under the influence of waves and currents 

is a function of their size, weight, and shape. Shape is an essential variable because scour is related to the 

intensity of the vortex system that forms around the object as the current flows past it. Thus streamlined 

objects scour less rapidly than blunt objects. Once scour depressions develop around a UXO, burial 

increases incrementally by the movement of the UXO into the depressions formed by the scour process, 

either by rolling or sliding in (see Figure 24). 

 

In general small UXO items scour and bury deeper relative to their diameters than large UXO, while 

absolute burial as measured from sediment surface to UXO keel is greater for large UXO. Streamlined UXO 

(f.e. torpedoes and aerial bombs) bury more slowly than blunt objects (f.e. cylindrical depth charges). 

 

The scour process stops when the UXO is at a depth where it is protected against the scour. Experiments 

and modelling have shown this depth to be approximately 0.6 x diameter for large objects in sandy 

sediments. UXO burial due to scour to the maximum scour depth is to be expected in the investigation 

area. The largest diameter UXO possibly to be present is a German EMC moored mine. This mine has a 

diameter of 1.2 m and can be buried due to scour up to approximately 0.7 m below seabed. 

 

 
9 Predicting the Mobility and Burial of Underwater Unexploded Ordnance (UXO) using the UXO Mobility Model. Report CR-10-012-

ENV. NavFac, 2009. 
10 Douglas L. Inman et al., Scour and burial of bottom mines, A Mine Burial Primer, September 2002. 
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Figure 24. Example of scour mechanism.11 

 

5.3  BEDFORM MIGRATION 

Assessment of possible UXO burial requires insights in the behaviour of migrating morphological features 

within the area of investigation. UXO burial (and exposure) may be caused by the formation and migration 

of bedforms. The spatial scale of the bed forms range from several meters to several kilometres and 

migration speeds range from < 1 m/year to > 100 m/year. Table 8 summarizes the six different types of 

bed forms can be distinguished in the Belgian zone of the North Sea.  

 

Bed form Length 

(m) 

Height 

(m) 

Migration speed 

(m/year) 

Evolution time 

scale 

Ripples  0.1 - 1  0.01 – 0.1  100 – 1,000  Hours  

Mega ripples  1 – 10  0.1 – 1  100 – 1,000  Hours – days  

Sand waves  100 – 1,000  1 – 5 1 – 10  Decades  

Long bed waves  1,500  5-10  Unknown  Centuries  

Shore face connected ridges  5,000 – 8,000  1 – 10  1 – 10  Centuries  

Tidal sand banks  5,000 – 10,000  1 – 15  < 1  Centuries  

Table 16: Overview of bed forms located in the North Sea12. 

 

The ripples and mega ripples are too low to be of major importance for the burial assessment. Long bed 

waves, shore face connected ridges and tidal sand banks migrate too slow to be of importance for the 

burial assessment. Due to their height and migration rates sand waves are the predominant bed forms in 

regards to the burial depth of UXO.  

 

Figure 25 shows bathymetry data of the area of investigation from the Flemish Hydrographic service13. The 

map shows that the seabed in this area consists of several tidal sand banks positioned in a predominantly 

 
11 www.researchgate.net 
12  Menninga J., Analysis of variations in characteristics of sand waves: a field and model study. MSc dissertation thesis. Utrecht 

University, 2012 
13 Bathymetry of the Belgian Continental Shelf, Flemish Hydrography, 2020.  
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south-southwest to north-northeast direction and long bed and sand waves perpendicular to these tidal 

banks with irregular dimensions. Also indicated are three sampled locations that clearly show sand waves 

and their respective heights (Figure 26), a schematic cross section of example 3 is shown in Figure 27. These 

sample locations representatively show the variation in sand wave heights throughout the area. The typical 

height of the sand waves is 1-3 m with the largest sand waves not exceeding 5 m.  

 

Based on this information currently the burial depth of UXO due to the migration of bedforms is assessed 

to generally be between 1-3 m and up to 5 m below the seabed. Due to the migration rate and width of the 

sand waves the conclusion can be drawn that the present-day sand waves are sediments from the post war 

period. Therefore, present day crests may contain (deeply) buried UXO. Present day troughs may contain 

UXO on the seabed or partly buried UXO. UXO depth (if present) is assessed to be located near the base 

level of the sand waves. 

 

 
Figure 25. Bathymetry data of the area of with locations of sample sand wave depth profiles. 

 

 
Figure 26. Samples of sand wave depths. Depths are indicated in meters LAT. Sample 3 is further elaborated in Figure 

27. 
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Figure 27. Schematic side profile of sand waves. Depths are in meters LAT. 

 

5.4  MAXIMUM BURIAL DEPTH 

 

Based on the analysed data in this chapter a formula can be created to calculate the Maximum Burial 

Depth. The likely MBD can be calculated using the basic formula: MBD = 0 (burial on impact) + 0.6 x 1.2 

(UXO diameter) + 5  (height of sand waves) = 5.7 m. 

 

This is the maximum depth at which UXO are expected. The exact burial depth of UXO is different per 

location and the local condition. Most notably the height of the sand waves in a particular area. 
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6 UXO MIGRATION ASSESSMENT 

In preparation for the geophysical UXO survey, the potential migration of UXO needs to be assessed. UXO 

migration is highly relevant in determining the maximum permissible safe time interval between the 

conclusion of a geophysical UXO survey, UXO clearance operations and the commencement of construction 

works. 

 

Migration can occur due to environmental and natural causes and human activity. In this chapter the 

possibility of migration of UXO is assessed. 

 

6.1  MIGRATION BY NATURAL CAUSES 

Migration by natural causes may occur due to hydrodynamics and/or morphodynamic behaviour.  

In this paragraph these aspects will be assessed. 

 

6.1.1 Hydrodynamics in the wind farm zone 

To establish the hydrodynamic characteristics in the Princess Elizabeth Zone, data was used from the 

Hollandse Kust study14. This comprehensive study examines circumstances that have been found to be 

similar in the BCS. The hydrodynamics within the wind farm zone are characterized by tide and wind 

generated currents and waves. The tide is predominantly semidiurnal tide.  

 

The average tidal current on the sea floor during normal weather conditions reaches speeds up to 0,7 m/s, 

whereas maximum speeds during adverse weather conditions can reach speeds up to 1,7 m/s. 

 

The shapes, dimensions and weight of the UXO that can be expected in the investigation area are such that 

they are not likely to be transported over long distances by normal wave and tidal conditions. The forces on 

the objects are relatively low and the objects are not likely to migrate a great distance from their original 

resting position. 

 

6.1.2 Morphodynamic behaviour 

Migration or erosion of the slopes of sand waves may cause UXO migration. An object may for example be 

buried in a side slope that erodes over time until a point that supporting soil is gone and the object is free 

to roll further down. The object is likely to roll down the side of the slope towards the deepest section of 

the through, where it will remain or become buried by vortex scouring or bedform migration.  

 

Observed sand wave migration rates in the Dutch Princess Amalia Wind Park were assessed to be in the 

order of 4 m/year15. Similar long term migration rates were assessed in the Belgian part of the North Sea16 17. 

This would mean that sand waves in the Princess Elisabeth Zone have migrated approximately 250 – 300 m 

since the war. The width of the crests of the sand waves, from trough to trough, is in the same order as the 

post war migration of the sand waves. Due to the migration rate and width of the sand waves it is assessed 

that present-day sand waves crests are mainly sediments from the post war period. Therefore it is not likely 

that UXO are present above the elevation of the deepest level of the troughs between these sand waves. 

 

The distance of UXO migrating due to morphological behaviour is minimal. Therefore UXO migration due 

to morphodynamic behaviour is not considered a factor to determine the maximum permissible safe time 

 
14 Van de Rest, P., Morfodynamica en hydrodynamica van de Hollandse kust. MSc Thesis. TU Delft, 2004.  
15 Deltares, Seabed mobility study for route comparison Windpark Hollandsche Kust Zuid, reference 1221505-000, March 24, 2016 
16 IMDC, 2013. Belgium Offshore Grid. Sand dune mobility and erosion areas. I/NO/11413/13,372/VIK v3.0 
17 IMDC, 2017. Modular Offshore Grid, Cable Burial Risk Assessment (CBRA). I/RA/11491/16,163/LBA v4.0 
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interval between the conclusion of a geophysical UXO survey, UXO clearance operations and the 

commencement of construction works. 

 

6.2  MIGRATION DUE TO HUMAN ACTIVITY  

Human activity may have a more significant impact on UXO migration than natural causes. Especially 

dredging and fishing activities have the capacity to move items of UXO.  

 

Particularly in areas where beam and pair trawling is prevalent UXO migration is to be expected. Currently a 

large portion of the investigation area is open to fishing activities. It is expected that some trawlers may 

have unintentionally moved UXO. These UXO items may have been transported with the movements of the 

vessel’s nets for considerable distances before they are returned to the seabed. In such circumstances, 

fishing nets have been known to move UXO up to 30 miles (48 km) from their original location18.  

 

The southern part of the investigation area falls under the protected area called ‘Vlaamse Banken’19 wich is 

part of the Natura 2000 project. Restrictions on fishing are currently being investigated for specific areas in 

this zone but are not in place yet. Future restrictions may reduce the risk of migration of UXO over large 

distances due to human activity in this area. 

 

This migration factor is part of the baseline residual risk. If a large calibre UXO is unintentionally dragged 

into the area of investigation by fishing or dredging activities, it will mostly lie exposed on the seafloor 

making it more easily detectable in possible UXO surveys. 

 

6.3  MAXIMUM PERMISABLE SAFE TIME INTERVAL  

In general, due to the possibility of UXO migration, the time periods lapsed from completion of the 

geophysical survey, UXO/anomaly investigation, UXO disposal phase and installation operations, must be 

kept to an absolute minimum. This is to ensure that UXO migration cannot nullify the validation period of 

the final ALARP clearance certification. It is therefore imperative to manage and plan the phases of the 

project, in an educated and calculated manner. This can be achieved by ensuring that vessel planning, 

vessel availability, weather windows, vessel/contractor capability, project phase execution and management 

are carefully planned and implemented to guarantee that the operations are carried out within the specified 

time scale reflective of the UXO migration assessment information. 

 

For the investigation area horizontal migration of UXO is most likely to occur due to human interference. 

However it proved not to be possible to quantify the horizontal migration rate.  

 

The maximum permissible safe time interval between the conclusion of a geophysical UXO survey, UXO 

clearance operations and the commencement of construction works is assessed to be approximately two 

years. This is a widely accepted time interval in wind farm construction industry. It is however 

recommended that the time interval is kept as short as possible to ensure that the chance of UXO migrating 

into the surveyed area after UXO operations have been completed is kept to a minimum.  

  

 
18 Unexploded Ordnance Munitions Migration Assessment, Report Number: P3872-E3MMA, August 2014 
19 Koninklijk besluit 22 mei 2019 tot vaststelling van het marien ruimtelijk plan voor de periode van 2020 tot 2026 in de Belgische 

zeegebieden. 
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7 HAZARDS OF UXO LIKELY TO BE ENCOUNTERD 

In this chapter the types of UXO likely to be encountered are described. The given information, together 

with the impact of UXO and other remnants of war (see chapter 8), the planned intrusive activities (see 

chapter 9) and the specific characteristics of the site form the input for outlining the UXO mitigation 

strategy (see chapter 11). 

 

7.1  AERIAL BOMBS 

An aerial bomb is a type of explosive weapon intended to travel through the air with predictable 

trajectories, designed to be dropped from an aircraft. As with other types of explosive weapons, aerial 

bombs are designed to kill and injure people and destroy enemy materiel through the projection of blast 

and fragmentation outwards from the point of detonation. Therefore most bombs were outfitted with a 

high explosive charge, although incendiary bombs were also used in large numbers. 

 

The deployed fuzes are important to determine the likelihood of a bomb to detonate as a consequence of 

seabed activities. Fuzes have two purposes, one is to cause the bomb to explode, and the other to prevent 

the bomb from detonating before it has reached the intended target. 

 

The fuzes are armed during and after the bombs are dropped. Fuzes are usually equipped with a firing pin 

or an electrical circuit that detonates the bomb upon impact. If the fuze has a firing pin, that pin is driven 

into a small firing cap that sets off the explosive train, resulting in detonation of the main charge. An 

electrical fuze uses an electrical detonator to start the explosive train. 

 

Fuzes can have various time-delaying devices to make the timing of the blast more effective. Some function 

at a given time after arming, f.e. chemical long delay pistol such as tail pistol no. 37 Mk.I (see Figure 28). 

More common are short delay fuzes that only delay the detonation for a few fractions of a second, or 

impact fuzes that cause a nearly instant detonation. 

 

 
Figure 28. Tail fuze No. 37 MkI. 
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Once a fuze is armed, shock, movement or manipulation can cause the bomb to detonate. Fuzes, and 

chemical long delay fuzes in particular, are sensitive to movement and accelerations with an amplitude > 1 

m/s2 in the surrounding soil. This kind of accelerations can occur as a consequence of vibrations caused by 

piling operations. 

 

7.2  DEPTH CHARGES 

A depth charge is an anti-submarine warfare weapon intended to destroy or cripple a target submarine by 

subjecting it to a powerful hydraulic shock. Most depth charges are fitted with conventional high explosives 

and a fuze set to cause detonation at a predetermined water depth. Depth charges can be dropped by 

ships and patrol aircraft. 

 

Depth charges were detonated by hydrostatic detonators which operate on the principle of water pressure 

at predetermined depths. The mechanism could be set to a specific depth based on the attacking vessel's 

estimate of the depth of the submarine. A late war variant included a magnetic detonator which 

automatically detonated the depth charge when it reached the proximity of a submarine. The chance of 

encountering this variant is estimated to be unlikely. 

 

7.3  TORPEDOES 

A torpedo is a self-propelled weapon with an explosive warhead, launched above or below the water 

surface, propelled underwater towards a target, and designed to detonate either on contact with or in 

proximity to the target.  

 

A proximity fuze is a fuze that detonates an explosive device automatically when the distance to the target 

becomes smaller than a predetermined value, which can also take place when the fuze and the target pass 

by each other. 

 

7.4  NAVAL MINES 

Naval mines can be classified into three major groups: contact, remote and influence mines. Naval mines 

can be subdivided by appearance or the way they are positioned in the water column, such as: 

- Moored mines; 

- Ground mines; 

- Drifting mines; 

- Oscillating mines; 

- Crawling mines; 

- Limpet mines. 

 

Moored mines and ground mines are the most commonly used. Practice mines exist as variants of all types 

of war type naval mines with only absence of the warhead and extra equipment such as floats for marking 

the position and initiation of the exercise mine. The presence of explosives components with a small 

explosive payload in practice mines cannot be ruled out. 
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7.4.1 Contact mines 

The earliest mines were commonly of this type. They are still in use today, as they are extremely low cost 

compared to any other anti-shipping weapon and are effective in sinking enemy ships. Contact mines need 

to be in direct contact with the target to detonate, limiting the damage to the direct effects of the 

explosion and usually affecting only the single vessel that triggers them. 

 

Based on the different firing systems, one can summarize the following types of contact mines: 

- Mechanical: upon contact a firing pin will activate the detonator initiating the explosive train; 

- Electrical: contact mines with an electrical firing system are often equipped with Hertz Horns (or 

chemical horns), switch horns or galvanic horns. 

o Hertz Horn: these fuzes work reliably even after the mine has been in the sea for several years. 

The mine's upper and/or lower half is studded with hollow lead protuberances, each containing 

a glass vial filled with chromium acid. When a ship's hull crushes the metal horn, it cracks the 

vial inside it, allowing the acid to run down a tube and into a lead–acid battery which until then 

contains no acid electrolyte. This energizes the battery, which detonates the explosive. 

o Switch Horn: this horn acts as the switch in the electrical circuit. Closing this circuit will set off 

the electrical detonator initiating the explosive chain.  An internal battery is needed for the 

supply of the electrical power. 

o Antenna or Galvanic Horn: this type of horns works on the principle of creating battery power 

based on the salt water environment. A copper antenna or horn fitted to the mine casing acts 

as positive electrode. When another metallic object (i.e.: ship’s hull) makes contact with the 

antenna or horn 

 

During the initial period of World War I, the British Navy used contact mines in the English Channel and 

later in large areas of the North Sea to hinder patrols by German submarines. Later, the American antenna 

mine was widely used because submarines could be at any depth between the surface and the seabed.  

  

This type of mine had a copper wire attached to a buoy that floated above the explosive charge which was 

weighted to the seabed with a steel cable. If a submarine's steel hull touched the copper wire, the slight 

voltage change caused by contact between two dissimilar metals was amplified and ignited the explosives. 

 

7.4.2 Influence mines 

These mines have detonators that are activated by the influence of a ship or submarine, rather than direct 

contact. Influence mines incorporate sensors designed to detect the presence of a vessel and detonate 

when it comes within the effective range of the mine. The sensors used on these mines may include one or 

several of the following types: magnetic, water displacement pressure or acoustic. 

 

Certain designs incorporated a "ship counter" facility into mine fuzes. These would set the mine to ignore 

the first or second ship to pass over it (which could be mine-sweepers deliberately trying to trigger mines) 

but detonate when a subsequent ship passes overhead, which could be a high-value target such as an 

aircraft carrier or oil tanker.  

 

7.5  ARTILLERY SHELLS 

Artillery shells were deployed in aircraft cannons, coastal defences, submarines and warships. Artillery 

ammunition can be deployed with different kinds of fuzes. 

 

The types of fuzes most commonly used would cause the shell to detonate on impact with a target, a time 

fuze set to detonate after a set period of time, a combination of both impact and time fuze or a proximity 

fuze set to detonate within a certain distance of a target or surface. 
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7.6  ANTI-HANDLING DEVICES 

Some fuzes, like those used in air-dropped bombs and naval mines may contain anti-handling or anti- 

withdrawal devices specifically designed to kill bomb disposal personnel. Generally, the more sophisticated 

the mine design, the more likely it is to have some form of anti-handling device fitted in order to hinder 

clearance. The technology to incorporate anti-handling or anti-withdrawal mechanisms in fuzes has existed 

since at least 1940 in f.e. the German ZUS40 anti-removal bomb fuze or the earlier mentioned British No. 37 

fuze. 

 

7.7  SELF-DESTRUCTION DEVICES 

The Hague Conventions of 190720 states that is forbidden (article 1): 

- To lay unanchored automatic contact mines, except when they are so constructed as to become 

harmless one hour at most after the person who laid them ceases to control them. 

- To lay anchored automatic contact mines which do not become harmless as soon as they have broken 

loose from their moorings. 

- To use torpedoes which do not become harmless when they have missed their mark. 

 

As a consequence of The Hague convention naval mines were presumed to be equipped with a 

deactivating or self-destruction device. These devices often did not work properly. In case a self-destructing 

device malfunctioned, the UXO holding the device is to be considered highly sensitive to handling 

(movement). Because washed up mines were falsely considered safe they claimed many casualties during 

and after the wars. Despite the prohibitions of The Hague conventions, naval mines and torpedoes must be 

considered dangerous at all times. 

 

  

 
20 Laws of War: Laying of Automatic Submarine Contact Mines (Hague VIII); October 18, 1907. 
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8 EFFECTS OF DETONATIONS 

In this chapter the effects of underwater detonations are assessed. The effects on vessels, equipment, 

constructions, crew members and surroundings will determine the level of risk during the execution of the 

operations planned in the Princess Elisabeth Zone. The effects of underwater detonations provide the input 

for the definition of the threshold for the evaluation of survey data. 

 

8.1  EFFECTS OF UNDERWATER DETONATIONS 

The damage that may be caused by an underwater detonation depends on the ‘shock factor value’, a 

combination of the initial strength of the explosion and the distance between the target and the 

detonation. When taken in reference to a vessel’s hull plating, the term ‘Hull Shock Factor’ (HSF) is used, 

while keel damage is termed ‘Keel Shock Factor’ (KSF). If the explosion is directly underneath the keel, then 

HSF is equal to KSF, but explosions that are not directly underneath the vessel will have a lower value of 

KSF21. The effect of a detonation mainly depends on the amount of explosive content of an explosive 

device, called the ‘Net Explosive Quantity’ (NEQ) and the type of explosive content (e.g. TNT, amatol, etc.). 

The type of high explosive in case of an underwater explosion is of less determining factor than during a 

surface detonation. 

 

In underwater explosion effects we distinguish between ‘direct underwater damage’ and ‘close proximity 

underwater damage’. Direct underwater damage is caused by fragments or projectiles launched by the 

explosive device while close proximity underwater damage is caused by pressure fluctuations and 

vibrations. 

 

8.1.1 Fragmentation 

Fragmentation damage is direct damage that can occur to vessels and platforms that are in very close 

proximity of or in direct contact with an explosive device when it detonates. Fragments from the metal 

casing of the explosive device or metal structure of the receiving vessel can cause wounds among the crew. 

These fragments can puncture the hull and cause damage to equipment or flooding as well.  

 

For the area of investigation, UXO is normally only present in or on the seabed, unless brought to the 

surface. Fragments from explosives devices in water quickly lose energy, it is therefore unlikely that 

fragmentation damage to a vessel will occur due to intrusive activities in the seabed, unless operating in 

very shallow water or when having limited under keel clearance. Damage to jacked up vessels and 

platforms is possible as well. 

  

The water depth needed to detain fragmentation of explosives with up to 1,000 kg Net Explosive Weight is 

illustrated in Figure 29. Based on this chart and the water depths within the area of investigation it is 

concluded that it is unlikely lethal fragments will be ejected above the surface of the water. 

 

 
21 The Response of Surface Ships to Underwater Explosions. DSTO-GD-0109, September 1996 
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Figure 29: Minimal water depth to detain fragmentation of explosives with a Net Explosive Weight of 0-1,000 kg TNT 

equivalent.22 

 

8.1.2 Bubble jet effect 

An underwater explosion also results in a gas bubble, which contains about half of the explosive energy 

and, therefore, can also cause damage to vessels. The gas bubble exhibits a low frequency oscillation and 

migration. Because of its large size, gas bubble oscillation goes together with large motions in the 

surrounding water, which in turn solicits vessel hull vibrations. This hull response is known as whipping. For 

heavy scenarios, thus for high HSF values, whipping may cause extensive damage. Whipping may be even 

worse, when the lowest hull bending natural frequency is close to the bubble frequency.   

  

When a detonation happens close to a vessel’s hull, there may be additional gas bubble effects influencing 

the vessel. The detonation gases are enclosed in a bubble that alternately grows and shrinks during an 

upward movement to the water surface. The bubble may migrate toward the hull, which considerably 

worsens whipping and may result in overall hull failure. If the bubble collapses on the surface at close 

proximity to the vessel's hull the vessel can be severely damaged, resulting in fatal loss of buoyancy and/or 

hydrostatic stability and fatalities to the crew within the affected areas. 

 

8.1.3 Shock effect 

The shock effect is a close proximity effect that occurs when an explosive detonates at a distance from a 

vessel and the change in water pressure will cause the hull of the vessel to resonate. As the entire vessel will 

resonate, it is possible that leaks will form over the entire hull surface. Damage to external parts of the 

vessel like rudders and propulsion systems are likely. Damage to on-board equipment and injury to 

 
22 VS 9-861, Voorschrift Opruimen en Ruimen van Explosieven, September 29, 2010 
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crewmembers starts to occur at far larger distances from the explosion. Due to the vibrations unsecured 

equipment and items on board can be thrown around inside the vessel, mounted equipment and 

machinery can be dislodged from their positions, creating dangerous circumstances for the crew. The crew 

can suffer injuries from the vibrations themselves as well, especially when they are nearby the impact area 

or standing on a vibrating surface that is directly connected to the hull. 

 

In Table 17 the distances where a certain amount of shock damage is expected are shown for several of the 

most common calibres of allied aircraft bombs. The distances are calculated by TNO23. Leakage is to be 

expected in case of a Hull Shock Factor (HSF) > 0.3 kg0.5/m. Damage to equipment is to be expected in case 

of a HSF > 0.02 kg0.5/m. A detonation within these distances may cause severe damage and injury. 

 

Caliber 

[lbs] 

NEQ 

[kg] 

Leaks  

[m] 

Damage to equipment 

[m] 

250 51  29 430 

500 105 41 617 

1.000 270 66 989 

Table 17. Distances for shock damage due to detonation.  

 

8.1.4 Shredding effect or spalling 

A shock wave with a peak pressure of 37.2 bar and higher reflecting against the water surface, will generate 

a cracking effect on this water surface. The water particles in the surface layer will be thrown out into the air 

with great force. This phenomenon, where a shock wave travels from a dense medium (water) into a less 

dense medium (air) and thus creating a distortion of the surface layer between water and air, is called the 

“shredding effect” or “spalling”.  

  

The mechanism of wounding a human body can be explained by this shredding effect. A shockwave 

travelling through a human body will cause severe damage to tissue around air filled cavities such as ears, 

lungs and intestines.  

 

8.2  SAFE DISTANCES 

Within the Belgian Exclusive Economic Zone (EEZ),  the Belgian EOD (DOVO) is the authoritiy responsible for 

all maritime UXO disposal operations. When DOVO concludes that identified UXO’s are unsafe to transport, 

these shall be detonated on site under appropriate conditions. DOVO has predetermined safe distances at 

which UXO can be detonated without causing damage or injury. These distances are displayed in Table 18.    

 

Safe distance from detonation center Meters Nautical Miles 

Vessel (e.g.: RHIB) assisting UXO disposal team, during detonation of 

UXO’s 
250 0.14 

Operational vessel and/or guard vessel 925 – 1,850 0.5 – 1.0 

Other vessels, subsea cables, oil wells, wrecks 3,700 2.0 

Coastline (UXO <500 lbs/250 kg) 5,550 3.0 

Pipelines and pump stations 7,400 4.0 

Offshore installations (Platforms) 9,250 5.0 

Coastline (UXO >500 lbs/250 kg) 9,250 -14,800 5.0 – 8.0 

Table 18. Safe distances from detonation centre. 

  

 
23 TNO-rapport Beveiligd ‘baggeren Maas, stuwpand Sambeek’, 11th may 2012 
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9 INTRUSIVE ACTIVITIES 

The level and nature of UXO risks will depend upon the wartime and post-war activity in the area, any 

previous construction works, intrusive activities in the area and the nature of the proposed works. 

 

In this chapter all possible intrusive survey, construction and maintenance activities during the preparation, 

execution and operational phases of the Princess Elisabeth wind farm zone are summarized. Since, in the 

current stage of the project, an execution plan is not yet available, the needed information is derived from 

open sources. Therefore the activities described in this chapter only provide a range of possible activities 

that are likely to take place.  

 

For each intrusive activity the relevant effects for the UXO risk assessment are given. In general the 

assumption is made that magnetic sensors on present influence mines became ineffective. Therefore the 

presence of large steel constructions is not considered relevant for the UXO risk assessment. 

 

9.1  PREPARATION PHASE 

Preliminary site investigations are planned to be conducted, comprising of: 

- Geophysical investigations: 

o multibeam echo sounder; 

o side scan sonar; 

o magnetometer; 

o metal detector; 

o sub-bottom profiler/imager. 

- Geotechnical investigations: 

o cone penetration tests, covering the whole area; 

o a limited number of boreholes for sampling purposes. 

- Metocean measurements: 

o Metocean buoy installation. 

 

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of the vessels conducting the 

site investigations. 

- Direct contact between a UXO and the cone or drill during the geotechnical investigations. 

 

9.1.1 Metocean measurements 

In order to optimize the energy output from a wind farm, detailed statistical information on wind direction, 

speed and altitude is desirable. In order to collect this information, installation of a metocean buoy can be 

necessary. Such a buoy is kept in place with a bottom weight. For the UXO risk assessment only the 

intrusive activities of the metocean campaign are relevant.  

 

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of the vessels installing the 

metocean buoy and conducting the investigations.  

- Direct contact between a UXO and divers/ROV’s during inspections and as-built checks.  
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9.2  EXECUTION PHASE 

A wind farm contains a variety of structures. The following elements are identified and briefly described: 

- Wind turbines. 

- Converter- and transformer stations. 

- Scour protection. 

- Cable routes (internal and external). 

 

9.2.1 Wind turbines 

A wind turbine consists of a nacelle with rotor blades, a support structure and a foundation. For the UXO 

risk assessment only intrusive activities (all activities that influence the soil) are relevant. There are several 

suitable foundation options. The decision for a foundation type will be based on a range of factors, 

including water depth; tidal, wind and wave conditions; logistical practicalities; commercial factors; ease of 

construction and installation; and the type and size of turbine chosen. Figure 30 shows three possible 

foundation types. Suction foundations may also be a suitable solution. 

 

 
Figure 30. Examples of common foundation types.24 

  

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of the vessels installing the 

foundation.  

- Direct contact between a UXO and dredging equipment and/or gravel or rock during the removal of 

obstructions, the preparation of the seabed and/or gravel/rock dumping. 

- Direct contact between a UXO and the foundation during the placement of the foundation. 

- Accelerations with an amplitude > 1 m/s2 in the soil surrounding a UXO during the placement or 

removal of the foundation (depending on the type of foundation, there are techniques that are 

vibration-free). 

 
24 www.navitusbaywindpark.co.uk 
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- Accelerations with an amplitude > 1 m/s2 in the soil surrounding a UXO during operation of the 

turbines. 

- Direct contact between a UXO and divers during cable connection operations. 

- Direct contact between a UXO and divers/ROV’s during inspections and as-built checks. 

 

9.2.2 Converter- and transformer stations 

In order to deliver a constant flow of electricity to shore, all generated electricity is collected on substations 

and transformed to the predetermined voltage and frequency. The transformer station size can be 

compared with medium-sized oil and gas facilities, which is why its structure is mostly found equivalent. For 

the UXO risk assessment only the realization of the foundation of the transformer station is relevant. 

  

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of the vessels installing the 

foundation.  

- Direct contact between a UXO and dredging equipment and/or gravel or rock during the removal of 

obstructions, the preparation of the seabed and/or gravel/rock dumping. 

- Direct contact between a UXO and the foundation during the placement of the foundation. 

- Direct contact between a UXO and divers during cable connection operations. 

- Direct contact between a UXO and divers/ROV’s during inspections and as-built checks.  

- Accelerations with an amplitude > 1 m/s2 in the soil surrounding a UXO during the placement or 

removal of the foundation (depending on the type of foundation, there are techniques that are 

vibration-free). 

 

9.2.3 Scour protection 

Sandy soils, such as present in the Princess Elisabeth zone, can be more or less susceptible to a type of 

erosion called scour. Due to tidal currents, a significant section of the soil around the piles can be removed, 

due to the effect of the foundation on the local flow pattern and velocities. Therefore, depending on the 

local conditions and the chosen type of foundation, scour protection may be needed. A common way of 

scour protection is rock dumping around the piles. Typically, the scour protection will be realized using 

layers of natural, crushed rock, increasing in size when going up from the seabed. The lowest layer of rock, 

which is small enough to restrain the soil, may be replaced by a geotextile. Prior to applying the scour 

protection seabed preparation may be needed. 

 

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of the vessels installing the 

scour protection.  

- Direct contact between a UXO and dredging equipment and/or gravel or rock during the removal of 

obstructions, the preparation of the seabed and dumping of gravel/rock. 

- Direct contact between a UXO and divers/ROV’s during inspections and as-built checks. 

 

9.2.4 Cable routes  

In order to transport the generated power from the turbine to the transformer station, cables are installed 

(in-field cables). The electricity is transported from the transformer station to shore through the export 

cables. To avoid damage by scratching anchors or fish nets, cables are buried below the sea bed. In most 

cases, cables are buried beneath the seabed to a set target depth in conjunction with a stone protection. 

Cables are buried in a narrow trench cut by water jet or plough. The usual and most efficient burial method 
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is by use of a subsea cable plough which is towed on the seabed behind the cable ship or subsea crawler. 

The cable passes through the plough and is buried into the seabed.  

The plough lifts a wedge of sediment so that the cable can be inserted below, thus minimizing seabed 

disturbance to a very narrow corridor. 

 

Before the main laying and ploughing operations take place, a seabed Route Clearance operation and a 

Pre-Lay Grapnel Run (PLGR) operation is carried out. This is to remove items of debris such as abandoned 

fishing nets, wires, abandoned cables, among others. Removal of any debris ensures a clear route for the 

plough to negotiate so that burial can be maximized. 

 

Following plough burial, a post lay burial and inspection is normally carried out in areas where the plough 

could not bury, such as at cable and pipeline crossings, locations where the plough may have been 

recovered for repairs etc. This burial is carried out by a Remotely Operated Vehicle (ROV), which buries the 

cable on the same target depth as the main lay plough but by use of water jetting. At pipeline crossings, 

due to pipelines often being situated proud of the seabed, further protection to the cable and pipeline is 

normally made by means of a post-lay rock placement operation.  

 

Potential UXO risks 

Potential UXO risks are: 

- Encountering UXO during the Pre Lay Grapnel Run and Route Clearance. 

- Direct contact between a UXO and the cable plough during the installation of the cables.  

- Movement of a UXO as a consequence of water jetting during the installation of the cables. 

- Direct contact between a UXO and rocks during rock placement operations. 

- Direct contact between a UXO and divers/ROV’s during inspections and as-built checks.  

 

9.3  OPERATIONAL PHASE 

The North Sea is a highly dynamic environment. As discussed in paragraph 6.3, an area which was 

previously cleared, may no longer deemed to be clear after a period of time. In 2011 a good example of the 

dynamic nature of the North Sea was shown when a WWII 1,000 lbs high explosive bomb was discovered 

lying against the side of the monopile base of a UK offshore wind farm under construction25. This bomb had 

migrated towards the monopile from elsewhere. Another noticeable example is a torpedo being discovered 

in 2002, having migrated against a North Sea oil pipeline22. 

 

During the operational phase of the farm maintenance activities will be required throughout. Intrusive 

activities may be conducted, e.g. cable laying and anchoring of working vessels.  

Because of the likelihood of a UXO drifting in an offshore wind farm (previously cleared), these intrusive 

activities may cause safety and exploitation risks.  

 

Potential UXO risks 

Potential UXO risks are: 

- Direct contact between a UXO and jacks, anchors and/or suction anchors of vessels conduction 

maintenance operations.  

- Direct contact between a UXO and dredging equipment and/or gravel or rock during the maintenance 

of scour protection. 

- Direct contact between a UXO and divers/ROV’s during inspections. 

- High energetic fields which can possibly influence electrical detonators. 

 

 
25 Unexploded Ordnance Risk, Considering Unexploded Ordnance Risk on and around the British Isles, 27-04-2011 
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10 UXO RISK ASSESSMENT 

In assessing the overall UXO risks for the project a Semi Quantitative Risk Assessment (SQRA) process was 

applied. SQRA is widely considered best practice in the offshore industry. The risk factor values assigned in 

the SQRA are determined by UXO experts and are consequently subjective and open to different 

interpretation. 

 

In this assessment the following parameters were assessed: 

- Likelihood of Presence, 

- Likelihood of Occurrence, 

- Hazard severity. 

 

10.1  RISK ASSESSMENT MATRIX 

The following matrix is used to quantify the risk. Each generic UXO hazard is assessed for severity and 

likelihood of occurrence. This model is generally considered best practice for assessing risk in the marine 

environment, although it has been modified where required to ensure it is UXO centric. 

 

 Hazard Severity 
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1 = Negligible 

 

 

2 = Slight 

 

 

3 = Moderate 

 

 

4 = High 

 

 

5 = Very High 

 

1 = Very Unlikely 

 

1  

LOW 

2 

LOW 

3 

LOW 

4 

LOW 

 

5 

LOW/MODERATE 

 

2 = Unlikely 

 

2 

LOW 

4 

LOW 

6 

LOW/MODERATE 

8 

MODERATE 

10 

MODERATE/HIGH 

 

3 = Possible 

 

3 

LOW 

6 

LOW/MODERATE 

9 

MODERATE 

12 

MODERATE/HIGH 

 

15 

HIGH 

 

4 = Likely 

 

4 

LOW 

8 

MODERATE 

12 

MODERATE/HIGH 

16 

HIGH 

20 

HIGH 

 

5 = Very Likely 

 

5 

LOW/MODERATE 

10 

MODERATE/HIGH 

15 

HIGH 

20 

HIGH 

 

25 

HIGH 

 

 Unacceptable 

 ALARP with reduction measures 

 ALARP 

 Acceptable 

Table 19: UXO Risk Assessment Matrix. 
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The high probability, high severity combinations are ranked in the category ‘Unacceptable’. This means 

mitigation measures are required to reduce the risk to a level that is considered ALARP. The mitigation 

measures for this category of risks are mainly source orientated. The source of the risk is eliminated usually 

by survey, avoidance was possible, identification of objects that cannot be avoided and removal of 

positively identified UXO that cannot be avoided. 

 

The medium probability, medium severity combinations are ranked in the category ‘ALARP’, or ‘ALARP with 

reduction measures’. ALARP essentially means the risk is accepted at the present level.  

 

‘ALARP with reduction measures’ means risk reduction measures may be required to achieve ALARP. The 

risk reduction measures for this category are mainly aimed at mitigating the effects. This can be achieved 

by e.g. procedural measures, applying shrapnel protection, etc. 

 

The low probability, low severity combinations are ranked in the category ‘Acceptable’. This indicates the 

risk of an event is not high enough to legitimize mitigation measures, or that the risk is sufficiently 

controlled. No action is usually taken for this category. 

 

10.2  RISK ASSESSMENT RESULTS PRINCESS ELISABETH WIND FARM ZONE 

Table 18 shows the UXO risks within the Princess Elisabeth zone prior to the conduction of mitigation 

measures. The resulting risk for each source item is a function of the ‘Likelihood of Occurrence’ and the 

‘Hazard Severity’. The ‘Likelihood of Occurrence’ is the product of the ‘Likelihood of Presence’ and the 

likelihood of initiation of an item of UXO. The values assigned to each factor in the risk calculation are 

subjective and based on many variables, which themselves are difficult or impossible to quantify. Data for a 

statistical analysis is not available. Therefore risk calculation results must be treated with caution and an 

understanding of their origin. 

 

The purpose of the risk calculation at this stage is only to produce a relative order of merit to provide input 

for the Risk Mitigation Strategy. Nevertheless, despite its limitations, the risk assessment matrix as currently 

used is suitable for adequately assessing and grading Health and Safety (H&S) risk, which is generally 

mandated by legislation as well as individual company policy. It is also a robust tool for assessing project 

risk tolerability. 
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Source Likelihood of 

Presence 

Likelihood of 

Occurrence 

Hazard 

Severity 

Risk  

Result 

Small calibre 

ammunition 
Remote 

1= 

Very unlikely 

1 = 

Negligible 

1= 

LOW 

Artillery shells 

–war ships 
Remote 

1= 

Very unlikely 

1 = 

Negligible 

1= 

LOW 

Rockets Remote 
1= 

Very unlikely 

1 = 

Negligible 

1= 

LOW 

Artillery shells 

– coastal guns 
Remote 

1= 

Very unlikely 

1 = 

Negligible 

1= 

LOW 

Underwater 

ammunition – 

depth charges 

Remote 
3 = 

Possible 

4 = 

High 

12 

MODERATE/

HIGH 

Underwater 

ammunition – 

torpedoes 

Probable 
3 = 

Possible 

4 = 

High 

12 

MODERATE/

HIGH 

Aerial bombs Probable 
3 = 

Possible 

5 = 

Very High 

15 = 

HIGH 

Under water 

ammunition – 

moored mines 

Certain 
3 = 

Possible 

5 = 

Very High 

15 = 

HIGH 

Under water 

ammunition – 

ground  mines 

Certain 
3 = 

Possible 

5 = 

Very High 

15 = 

HIGH 

Shipwrecks Probable 
1= 

Very unlikely 

1 = 

Negligible 

1= 

LOW 

Table 20: Risk Assessment results for the Princess Elisabeth wind farm zone. 

 

There is sufficient and indisputable evidence that naval mines are present in the area. Aerial bombs and 

torpedoes are probably present. The planned construction works may cause an aerial bomb, torpedo or 

naval mine to detonate. A detonation is assessed to be ‘possible’ and may be initiated by e.g. crushing with 

a cable trencher during cable lay operations, kinetic energy created during pile foundation operations and 

other seabed activities.  

 

Artillery shells are possibly present in the investigation area, especially in or near wrecks of warships. The 

explosive potential of artillery shells is however small enough that these don’t pose a significant threat to 

installation operations.   

 

In case of a detonation under water, the water column provides protection against fragmentation. In case of 

a detonation of the larger explosives (those rated risk severity 4 = High or 5 = Very High) however, a 

bubble jet and/or shock effect may occur and cause serious damage to vessels. Personnel may be injured or 

killed due to the shock effect or sinking of a vessel. 
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11 OUTLINING THE UXO MITIGATION STRATEGY 

In strategic terms, the UXO risk on the project can either be: 

- Accepted by all parties and no further proactive action is taken. 

- Mitigated with measures to contain, and/or eliminate the UXO risks (by reducing the probability or 

consequences). 

- Carried with the balance of any residual risk transparently exposed to those parties involved with site 

works. 

 

Although mitigation is generally the most cost effective and efficient option for dealing with UXO risks, a 

balanced blend of the options is usually required to comply with best practice. This desk based study and 

risk assessment has determined that the risk from UXO to the proposed operations are ‘Low’, ‘Moderate’ or 

‘High’. Mitigation is required to reduce the ‘Moderate’ and ‘High’ risks to ALARP. All operations with a ‘Low’ 

risk level do not require mitigation measures. The residual risk can be regarded as acceptable and 

operations conducted as planned.  

 

11.1  AIM OF THE RECOMMENDED UXO RISK MANAGEMENT STRATEGY   

Research for this study has established that there is a UXO hazard as the following three components are 

present: 

- Source – a UXO hazard that exists, 

- Pathway – an event that may cause UXO to detonate, 

- Receptors – these would be at risk of experiencing an adverse response following the detonation of a 

UXO. 

 

The purpose of hazard mitigation is to take action to address one or more of these components to reduce 

the probability of the problem occurring or to limit the impact of the problem if it does occur. Thereby 

eliminating the hazard or reducing the hazards to an acceptable level. When considering the hazards 

associated with UXO the most logical approach is to employ measures to reduce the probability of an event 

occurring. For the Princess Elisabeth zone this is best achieved by addressing the source of the hazard. 

 

The primary aim of the recommended UXO risk management strategy is to reduce the health and safety 

risk to personnel to ALARP. The objectives of the mitigation strategy, are: 

- Reduce the H&S risks to ALARP, 

- Ensure it is technically robust within the bounds of available technology, 

- Take account of the potential for buried UXO, 

- Provide a solution that is pragmatic and at best value to the future developer. 

 

11.2  METHODOLOGY 

The historical research has shown that several calibres of aerial bombs, naval mines and torpedoes could be 

present within the investigation area. The possible effects of a detonation on vessels, equipment, personnel, 

and surroundings may form an intolerable risk. This means mitigation measures are required to reduce the 

risks to as low as reasonably practicable (ALARP). It is recommended to address the source of the hazard by 

performing a UXO geophysical survey prior to any intrusive works. 

 

The mitigation measures consist of UXO survey, identification of potential UXO objects and disposal of 

actual UXO objects.  
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12 UXO SURVEY METHODOLOGIES  

The conducted historical research and this additional historical research has determined that several types 

of UXO could be present within the entire Princess Elizabeth zone. Due to the types and sizes of UXO likely 

to be present there is no “silver bullet solution” for the UXO geophysical survey.  

 

In order to reduce the risk to ALARP, a dedicated UXO geophysical survey must be carried out to identify 

objects on the seabed that could potentially be UXO. This chapter briefly considers the types of technology 

that may be used in such a survey and the key issues that should be considered during the planning phase. 

Following the survey, data interpretation, contact avoidance and contact investigation/disposal (where 

avoidance is not feasible) should be the sequential phases of UXO mitigation prior to wind farm 

development. 

 

UXO survey techniques that might be considered for the Princess Elisabeth zone are as follows: 

- Magnetometry (MAG); 

- Electro Magnetic (EM); 

- Side scan sonar (SSS); 

- Multibeam echo sounding (MBES); 

- Seismic sub bottom profiling (SBP). 

 

12.1  MAGNETOMETRY 

Magnetometry is generally considered the most reliable and common method of UXO geophysical survey. 

The method relies upon the UXO causing a spatial variation in the Earth's magnetic field. Since the majority 

of WWI and WWII munitions were constructed from iron or steel and were relatively large, this technology 

is seen as a prime methodology for offshore UXO detection. Either gradiometers or total field sensors can 

be used. The aim is to detect and interpret objects that meet the determined threshold criteria to the 

required depth below the seabed (burial depth or depth of the intrusive activities). Large ferrous objects 

(e.g. large calibres air dropped bombs or a ferrous ground mine) can be detected up to 5-8 m distance to 

the MAG sensors (dependent on the type of sensors and the situation). 

 

12.1.1 Gradiometers 

Vertical gradiometers (such as fluxgate magnetometers) require careful vertical alignment. To have good 

gradiometer data, the system must be stable, with all the sensors keeping their position on the respective 

axis. This is why gradiometers are usually deployed from a stable platform such as a Remotely Operated 

Vehicle (ROV). The gradiometer determines the gradient of the "Z component" of the Earth's magnetic field. 

Motion must be compensated for on all axes in order to be able to re-estimate the proper gradient axis, 

particularly roll and pitch effects. The Z axis still has to be compensated (altimeter pressure sensor for 

marine applications) to keep a same reference level.  

Gradiometers have shown that they can offer a high degree of immunity from diurnal and external 

influences in the ambient magnetic field; they can enhance near-surface, small or weak magnetic anomalies; 

and they can provide obvious improvements in spatial resolution over the total field measurement alone. 
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12.1.2 Total Field Magnetometers 

A total field magnetometer is a single sensor magnetometer that measures the actual magnetic field 

strength at any given position. The majority of towed marine magnetometers are total field systems, using 

either proton or caesium vapour detectors. The latter have a higher resolution and sampling rate than 

proton magnetometers. There are a range of types, configurations and deployment methods of 

magnetometer systems currently used in the market, which will incorporate different sensitivities, towing 

characteristics and array mountings. A determination of which configuration is optimal for UXO detection is 

not easily achieved from a desk study. The choice of the appropriate instruments depends on the individual 

site conditions and the UXO hazard in question.  

 

12.2  ELECTRO MAGNETIC 

Electromagnetic (EM) systems have the ability to detect all types of conductive metallic materials by 

observing the induced secondary electromagnetic field produced when the target is stimulated by a 

primary electromagnetic field. On land these systems are used for the detection of non-ferrous ordnance. 

However in seawater the presence of a highly conductive media surrounding the transmitter and receiver 

coils can substantially reduce the effectiveness of the system. The limiting factors imposed by saline 

conditions however can be solved by some technological modifications to the system.  With these 

modifications large UXO items can be detected up to approximately 2-4 m distance from the coils. 

Considering the MBD of 5.7 m, EM techniques would not have enough detection range to investigate the 

entire layer of sediment where UXO can be expected. 

 

12.3  SIDE SCAN SONAR 

Side scan sonar, when used for UXO detection, is a proven and capable remote sensing tool. The low 

grazing angle of the side scan sonar beam over the target and sea floor results in distinctive shadows being 

cast behind objects proud of the seabed. For relatively flat and featureless terrain, high resolution side scan 

sonar will allow the discrimination and identification of large UXO items proud of the seabed. However the 

more irregular the seabed morphology as present in the Princess Elisabeth zone, the more difficult it 

becomes to identify man-made debris. Partial burial of objects, short wavelength bedform fields 

(ripples/mega ripples) and heavy concretion on UXO may also make identification difficult. 

 

For detection of relatively small UXO, a high frequency side scan sonar should be employed where 

conditions are suitable; typically a dual frequency tow fish with a minimum frequency of 500 KHz (nominal 

value) for UXO identification. The swath width should be set to ensure always 200% data coverage, with the 

side scan sonar profiles being run in two mutually perpendicular directions to ensure that any targets are 

illuminated by the sonar from two directions. This technology will ensure that large UXO items (if present) 

are detected if the seabed conditions are suitable and the objects are on the seabed or partly buried. SSS 

on its own is not considered to be a reliable system to mitigate the risks of the presence of large UXO 

items. This system should always be combined with other survey techniques, for example MAG and EM 

survey.  

 

12.4  MULTIBEAM ECHO SOUNDER (MBES)  

MBES, unlike side scan sonars, have their transducers rigidly mounted to the hull of the survey vessel, 

eliminating almost all chances of casting shadows. Using MBES for object detection requires a focus on the 

resultant bathymetry rather than shadows. The resolution of a multibeam echo sounding system in shallow 

coastal waters is such that gridding of data at 0.2 m resolution is required for the detection of potential 

UXO on the seabed.  
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The results of a high resolution multibeam bathymetric survey can provide very useful information to assist 

with the interpretation of side scan sonar imagery, in particular providing improved accuracy for 

coordinates of targets. However, as an acoustic system, the efficacy of MBES for discriminating targets is 

also degraded in uneven seabed environments.  

MBES on its own is not considered to be a reliable system to mitigate the risks of the presence of large UXO 

items. This system should always be combined with other survey techniques, for example MAG and EM 

survey.  

 

12.5  SEISMIC (SUB BOTTOM PROFILING)  

Seismic sub bottom profiling systems are commonly used for geological profiling but can locate and 

determine the burial depths of pipelines. Pipeline detection systems rely on wide beam width systems, 

usually pingers, to produce diagnostic hyperbolic reflections from pipeline structures. High resolution, 

narrow beam systems such as parametric sources produce very small search footprints on the seabed, 

which therefore requires greater line density to detect small targets such as UXO. Reflections from features 

are created by sharp changes in acoustic impedance (product of acoustic velocity and density); metallic 

objects provide a very strong contrast in acoustic impedance when buried in sediments. Despite this theory, 

in reality, discrimination between geological and manmade features is difficult when interpreting seismic 

information. Recent advances in 3D chirp technology have made SBP a much more effective tool in UXO 

detection. With SBP it is possible to detect large UXO items that are on the seabed or partly buried but SBP 

on its own is not considered to be a reliable system to mitigate the risks of the presence of large UXO 

items. This system should always be combined with other survey techniques, for example MAG and EM 

survey.  

 

12.6  COMPARISON OF SURVEY TECHNIQUES 

In Table 21 a comparison of the survey techniques explained in the previous paragraphs is provided. The 

strengths and limitations of the different techniques are given. In general magnetometry is the most 

suitable technique for detecting ferrous UXO. In order to enhance the data evaluation it is recommended to 

preform survey operations with a spectrum of survey techniques, for example MAG, SSS and MBES. To 

enhance the evaluation process it is recommended to correlate the data obtained with the different survey 

techniques. 

 

Method Strengths Limitations 
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• Will detect ferrous UXO either buried or 

below the seabed (within bounds). 

• Not as susceptible to weather as other 

methodologies. 

• Ability to model the source target using 

the anomaly response. 

• Can detect larger ferrous objects at deeper 

depths than EM methods. 

• Multiple systems can be linked together in 

an array to enhance production rates and 

increase efficiency. 

• Data can be analysed to estimate target 

size and depth. 

• Influenced by some geological features and 

manmade features. 

• Small survey footprint per magnetometer. 

• Will not detect non-ferrous UXO. 

• Instrument response may be affected by nearby 

power lines and cultural features. 
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Method Strengths Limitations 
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• Advanced systems have multiple frequency 

and time gates. 

• Ability to detect all types of metallic 

munitions (ferrous and non-ferrous). 

• Additional data can provide information 

on target shape, orientation, and material 

properties. 

• Multiple sensors can be linked together in 

an array to enhance production rates and 

increase efficiency. 

• EM systems are less susceptible to cultural 

noise sources, such as utilities, than 

magnetic methods. 

• Smaller detection range than a magnetometer. 

• Only specialist organisations operating with the 

equipment. 

• Could be affected by saline conditions. 

• EM survey doesn’t cannot reach the maximum 

burial depth of 5.7 m. 
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• Large swath of data can be captured per 

run line. 

• Side scan sonar is the most suitable tool 

when searching for debris lying on the 

seabed. 

• A wide range of equipment and different 

frequency tow fish are commercially 

available. 

• Likely to identify large NEQ items of UXO. 

• 200% coverage allows contact position to 

be improved. 

• Data quality influenced by marginal weather and 

water turbidity. 

• If USBL positioning is compromised then the 

positioning accuracy of seabed contacts may be 

limited. 

• Length dimensions may be exaggerated by a 

number of reasons including tugging. 

• Will not identify buried UXO. 

• Difficult to distinguish between UXO and other 

seabed feature such as boulders. 
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• Ability to identify UXO size targets on the 

seabed, with better accuracy than the side 

scan sonar. 

• Positional accuracy is very good, especially 

as the equipment is hull mounted. 

• Option of exceptionally high sounding 

accuracy, and a dense pattern of 

soundings to cover the seafloor in order to 

reveal small seabed features. 

• In addition to the soundings, the 

multibeam echo sounders produce seabed 

image data similar to a side scan sonar 

image (backscatter). 

• Will not detect buried UXO. 

• A multibeam system can produce excellent 

results in this application only when positioned 

very close to the seabed. 

• The option to use echo sounder backscatter data 

analysis to characterise the seabed is complex 

and not commonly used for UXO identification. 

• Discrimination performance is degraded in rocky, 

uneven seabed conditions. 
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 • Potential to detect buried UXO. 

• Option for LMB threat. 

• Small survey footprint. 

• Difficult to discriminate between manmade and 

geological features. 

• Scatter in the first meter seabed were objects 

might vanish 

Table 21: Comparison of survey techniques. 

 

For a dedicated advice regarding survey techniques to be applied for the Princess Elisabeth zone see 

chapter 13. 
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13 THRESHOLD LEVELS TO BE APPLIED 

The SQRA has shown that certain types of UXO necessitate mitigation measures to reduce the risks to as 

low as reasonably practicable (ALARP).  The mitigation measures consist of UXO survey, avoidance of 

significant objects26, Identification of potential UXO objects that cannot be avoided and disposal of actual 

UXO objects that cannot be avoided. 

 

In order to set the scope of work for the UXO survey, appropriate threshold level(s) for modelling of 

anomalies detected by a UXO survey in Princess Elisabeth zone need to be determined. In determining the 

thresholds, the possible presence of non-ferrous UXO need to be taken into account. This chapter provides 

the provisional thresholds needed to mitigate the risk to a level that is considered ALARP. The threshold 

levels need to be reassessed based on the preliminary design and proposed installation methodologies.   

 

13.1  SPECIFICATIONS OF UXO THAT REQUIRE MITIGATION MEASURES  

Table 22 provides the known specifications of the UXO likely to be present that require mitigation 

measures.  

 

Category Type Calibre  Origin Diameter 

(cm) 

Length (cm) 

(without / 

with tail 

section) 

Weight 

in air 

(kg) 

NEQ (kg) 

(dependent 

on type of 

charge) 

Ferrous mass 

(dependent 

on main 

charge) 

Aerial bomb GP MK I-III 250 lbs UK 26 70 / 140 112 28.6 / 30.8 83.5 / 81 

Aerial bomb GP MK IV -

VII 

250 lbs UK 26 70 / 142 104 30.7 73.3 

Aerial bomb GP 250 lbs US 27.7 91.4 / 115.3 117 56.1 / 58.5 60.9 / 58.8 

Aerial bomb Demolition 300 lbs US 27.7 100 / 123.4 124 62 62 

Aerial bomb GP 500 lbs UK 32.6 94.5 / 179.3 

or 141.2 

213.4 64.8 148.6 

Aerial bomb GP 500 lbs US 36 118.4 / 150 227 120 107 

Aerial bomb GP 1.000 lbs UK 41 133.4 / 180 

or 220 

486 151 / 171.5 335 / 314.5 

Aerial bomb GP 1.000 lbs US 47.8 135 / 170 443 240 / 253 203 / 190 

Aerial bomb MC 250 lbs UK 26 70 / 133.4 102 37 65 

Aerial bomb MC 500 lbs UK 32.8 94.5 or 104 / 

145 or 179 

226 92 / 101 124 / 125 

Aerial bomb MC MK I 1.000 lbs UK 45 133.4 / 183 549 215 / 238 334 / 311 

Aerial bomb MC MK III 1.000 lbs UK 41 140 / 180 550 166 / 195 384 / 355 

Aerial bomb HC 4.000 lbs UK 76 189 / 279 1707 1006 / 1102 701 / 605 

Aerial bomb LC 4.000 lbs US 86 241 / 298 1860 1472 / 1525 388 / 335 

Aerial bomb SAP 250 lbs UK 23 802 / 125 111 19 92 

Aerial bomb SAP 500 lbs UK 33.5 106 / 156 222 41 181 

Aerial bomb SAP 500 lbs US 30 120 / 147 227 73.5 153.5 

Aerial bomb AS 250 lbs UK 29 89.5 / 147 112 60 / 62  52 / 50 

 
26 Objects that meet the set survey thresholds. 
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Category Type Calibre  Origin Diameter 

(cm) 

Length (cm) 

(without / 

with tail 

section) 

Weight 

in air 

(kg) 

NEQ (kg) 

(dependent 

on type of 

charge) 

Ferrous mass 

(dependent 

on main 

charge) 

Aerial bomb Fragmentat

ion 

260 lbs US 21.5 82 / 111 118 15 103 

Underwater 

ordnance 

Torpedo 18 inch UK 45,7 495 789 202 Unknown 

Underwater 

ordnance 

Torpedo 53,3 cm 

(G7e) 

GER 53,3 720 652 280 Unknown 

Underwater 

ordnance 

Moored 

contact 

mine  

Mk XIV  

n.a. UK 79 n.a. 255 145 / 204 / 

227 

110 / 51 / 28 

Underwater 

ordnance 

Moored 

acoustic 

mine  

Mk XVII  

n.a. UK 79 n.a. 255 145 / 227 110 / 28 

Underwater 

ordnance 

Moored 

mine UMA  

n.a. GER 81,3 81,3 160 30 130 

Underwater 

ordnance 

Moored 

mine UMB  

n.a. GER 84 n.a. 40 190 150 

Underwater 

ordnance 

Ground 

mine LMB  

n.a. GER 66 264 / 300 987 676 10 

Underwater 

ordnance 

Moored 

mine EMC  

n.a. GER 120 n.a. 630 300 330 

Table 22: Specifications of UXO possibly to be present. 

 

13.2  THRESHOLD LEVELS FERROUS UXO 

Taking the results of the SQRA into account, it is assessed that the 250 lb bomb is deemed the smallest 

ferrous threat item for an ALARP sign-off. These items are cylindrical/tear-drop in shape, made of steel and, 

depending on the variant, contain between 30 and 60 kg of HE. The ferrous weight can range from 50 to 83 

kg dependent on the make, modification and type of munition. Assuming these items can be successfully 

detected and identified within the geophysical datasets, larger objects will also be detectable.  The 

provisional magnetometer (MAG) threshold is set on 50 kg ferrous mass. This threshold is also sufficient to 

detect ferrous naval mines which are likely to be present in the area. The risk also posed by the possible 

presence of depth charges, torpedoes and large calibre artillery shells will be mitigated sufficiently by 

applying the recommended threshold value. 

 

13.3  THRESHOLD LEVELS NON-FERROUS MINES 

Normally, in order to mitigate the risk of encountering an LM type mines, an additional Electro Magnetic 

(EM) and side scan sonar (SSS) survey would be necessary. Based on historical sources, there is strong 

evidence that LMB mines were used in the area of analysis. 

 

An EM survey is limited by the maximum detection range of 2-4 m. The detection range is strongly 

dependent on water and soil conditions. Considering that the maximum burial depth was found to be 5.7 m 

this would mean that a large portion of the soil that needs to be surveyed is out of the required detection 

range. Furthermore the amount of LMB mines that are estimated to be present are between 0-10. To 

specifically employ a separate, costly and rather ineffective technique to search for a single type of mine 

with such a low estimated amount of presence can be regarded as disproportionate. 
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The time, effort and costs involved in mitigating the risk posed by the presence of LMB mines in an EM 

survey is extremely high, excessive and, within our understanding of ALARP, is not considered to be 

reasonably practicable. Therefore an EM survey is not recommended. To enhance the evaluation process it 

is recommended to perform an SSS survey and correlate the SSS data with the magnetometer data. 

 

The residual risk can be accepted as tolerable and can be assumed to be ALARP. Nevertheless, the decision 

as to whether the residual risk is tolerable is up to the developer to make. Although we assess it as low, the 

residual UXO risk, post-mitigation (specifically from LMB mines) to project activities is never completely 

zero. 

 

SSS thresholds 

For the SSS the following thresholds are recommended: 

- Size 

There were different types of LM-mines in armament. All LM-mines had a diameter of 0.66 m. The 

length is 1.7 m for the LMA and 2,6 m for the LMB. Based on these dimensions the size threshold is set 

to 1.5 x 0.5 m. 

- Shape 

All LM-mines are cylindrical. Therefore the shape threshold needs to be cylindrical.   

- Structure 

LM-mines were fitted with several small external features. These features may be noticed during 

evaluation of the SSS data. 

 

13.4  REQUIRED DETECTION RANGE 

The required detection range for UXO is to the intended intrusion depth +0.5 m safety margin or the 

assessed MBD. The likely MBD can be calculated using the basic formula: MBD = 0 (burial on impact) + 0.6 

x 1.2 (UXO diameter) + 5 (height of sand waves) = 5.7 m. Therefore the maximum required detection range 

is assessed to be 5.7 m below seabed. 

 

13.5  AREAS TO BE SURVEYED 

The size of the exclusion zones and the areas to be surveyed is dependent on the actual design, installation 

methodologies and geophysical parameters. The size of the areas to be surveyed needs to be assessed in 

an additional risk assessment based on the (provisional) design of the wind farm and the relevant site data. 

The exact scope for the survey, identification, removal and disposal operations needs to be determined in a 

detailed UXO mitigation strategy.  

 

13.6  VALIDATION OF GEOPHYSICAL UXO SURVEY EQUIPMENT  

It is not recommended to prescribe a certain technique in the specifications for the UXO geophysical 

survey. The selection of the appropriate detection techniques and devices is the full responsibility of the 

contractor. It is required that all detection devices used during the geophysical UXO survey are subjected to 

a thorough UXO validation. The purpose of the validation is to establish the maximum detection range 

limits for the specified thresholds of objects. This detection range threshold may then be used to check for 

achieved detection depths below seabed and/or ‘coverage achieved’ on completion of the data acquisition. 

The variables which influence the degree of coverage are primarily sensor altitude, horizontal separation 

between adjacent lines, distance between the sensors and clearance requirements as specified by the wind 

farm zone developer. 

 

The relevant survey parameters such as sensor altitude and line spacing can only be determined on the 

validation results of the actual survey equipment (combination between survey array and vessel/ROV). 
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The survey contractor needs to assess the line spacing required based on the applicable thresholds, the 

required detection depth, the proposed MAG/EM system and the validation results of these systems. 

 

13.7  GUIDELINES AND STANDARDS 

The International Marine Contractors Association (IMCA) is the international trade association representing 

offshore, marine and underwater engineering companies. IMCA guidelines and standards are applicable to 

the offshore industry. Though not mandatory, use of the IMCA guidelines and standards is recommended. 

 

The main objectives of this study have been formulated by the FPS Economy of Belgium in 

‘2021/70816/E2/Offshore-UXO Technical requirements’. These main objectives include: 

• Identify possible restrictions for activities related to offshore energy projects in the Princess 

Elisabeth Zone due to the presence of UXO items. 

• Identify areas in the Princess Elisabeth Zone that should not be chosen for the installation of 

offshore windfarms and/or cables. 

• Identify the requirements to safely carry out geophysical and geotechnical surveys and to install 

wind turbine foundations and cables, taking into account unexploded ordnance. 
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14 CONCLUSION 

In the conclusion the main objectives of this report as stated in 1.3 are revisited. The results of the historical 

research and risk assessment as presented in this report have been recapped in this conclusion to fulfil the 

objectives as formulated by the FPS Economy of Belgium. 

 

Identify possible restrictions for activities related to offshore energy projects in the Princess Elisabeth 

Zone due to the presence of UXO items. 

 

Activities that disturb the sea floor in the Princess Elisabeth Zone should be restricted until UXO survey and 

clearance operations have been completed. After these operations have been completed, a window of 2 

years is regarded as a safe time interval to conduct offshore energy projects. Intrusive activities are required 

to be conducted within this 2-year window as it is possible that other UXO will migrate into the Princess 

Elizabeth Zone from outside the area.  

 

Identify areas in the Princess Elisabeth Zone that should not be chosen for the installation of offshore 

windfarms and/or cables. 

 

Due to the fairly significant and diverse amount of war related events, the dynamic nature of the sea floor 

and UXO migration due to human activities, it was determined that UXO can be encountered in every part 

of the area of analysis up until a depth of 5.7 m below sand waves. No areas with a uniquely high risk could 

be identified in the Princess Elisabeth Zone that should specifically be avoided. It is however noted that 

known shipwreck locations should be avoided due to reasons other than UXO, such as their official status 

as war graves. 

 

Identify the requirements to safely carry out geophysical and geotechnical surveys and to install 

wind turbine foundations and cables, taking into account unexploded ordnance. 

 

It is recommended that before any intrusive activities take place that will disturb the sea floor a UXO survey 

and clearance operation should be conducted. Once these operations have been completed, the risk of 

UXO to the planned activities will have been reduced to ALARP for 2 years. Installation of offshore windfarm 

structures and other intrusive activities on the sea floor can be conducted the space of these 2 years. 
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ANNEX 1 GLOSSARY OF TERMS 

AAA   Anti-aircraft artillery  

ALARP   As Low As Reasonably Practicable 

BAMA  Bundesarchiv – Abteilung Militärarchiv (in Freiburg) 

BCS  Belgian Continental Shelf 

DOVO  Belgian military Explosive Ordnance Disposal unit 

EEZ   Belgian Exclusive Economic Zone  

EMC   Einheitsmine C (German moored contact mine)  

EO   Explosive Ordnance  

EOD   Explosive Ordnance Disposal  

FLAK   Flugabwehrkanone (anti-aircraft gun)  

GIS   Geographical Information System  

HE   High Explosive 

HMS  His Majesty’s Ship 

IMW  Imperial War Museum 

Km   Kilometre  

lb   Pound (weight)  

LMA  Luftmine A (German ground mine) 

LMB   Luftmine B (German non-ferrous ground mine)  

m   Metre  

mm   Millimetre 

MW  Mega Watt  

NEQ  Net Explosive Quantity 

NM  Nautical Mile 

SAP   Semi Armour Piercing  

SS  Steam Ship 

SSS  Side Scan Sonar 

SQRA  Semi Quantitative Risk Assessment 

TNA  The National Archives (in London) 

UKHO  United Kingdom Hydrographic Office 

UMB  U-bootmine B (German moored contact mine against submarines) 

UTM   Universal Transverse Mercator  

UXO   Unexploded Ordnance 

WWI  World War One 

WWII  World War Two  
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ANNEX 2 LITERATURE  

 

For this research the following literary sources are consulted: 

 

Abbreviation Author Title Relevant 

BAC 1 & 2 Admiral Sir Reginald 

Bacon 

The Dover Patrol 1915-1917 (2 Volumes, London). Yes  

BUN Bunkersite.com https://bunkersite.com/panzer/railway/railway-total.php 

(consulted 22 April 2021, 13.40). 

Yes 

CRO Crossley, J. The Hidden Threat. The story of mines and minesweeping by the 

Royal Navy in World War I (South Yorkshire 2011). 

Yes 

DEC Deceuninck, G. et al. World War I Underwater Cultural Heritage in the Belgian part of 

the North Sea: a Preliminary Overview. 

Yes 

- Deneckere, B. Luchtoorlog boven West-Vlaanderen 1914-1918 (Kortrijk). No 

DEP Depoorter, P. et al. Militair gebruik, in: Devriese, L. et al. (Ed.) Kennisgids Gebruik 

Kust en Zee 2018 - Compendium voor Kust en Zee. pp. 209-220 

Yes 

DES Deseyne, A. De kust bezet 1914-1918 (Brugge 2007). Yes 

- Geeteruyen, A. van De Atlantische Muur. Deel 1. De bouwheren. (Erpe). No 

HMA Historisches 

Marinearchiv 

https://www.historisches-marinearchiv.de/index.php  

(consulted 25 March 2021, 14.15) 

Yes 

- Kendall, P. The Zeebrugge Raid 1918 (Gloucestershire 2008). No 

- Kurowski, F. Seekrieg aus der Luft. Die Deutsche Seeluftwaffe im Zweiten 

Weltkrieg (Herford 1979). 

No 

- Lake, D. The Zeebrugge and Ostend Raids, 1918 (Barnsley 2015). No 

- Nesbit, R.C. The Strike Wings. Special Anti-Shipping Squadrons 1924-45 

(London 1995). 

No 

- Peeters, J. De Duitse inval in België 1914 (Soesterberg 2009). No 

RHY Rhyeul, J. Marinekorps Flandern. De Vlaamse kust en het hinterland tijdens 

de Eerste Wereldoorlog. (Erembodegem 2010). 

Yes 

ROW Rohwer, J., and G. 

Hümmelchen 

Chronik des Seekrieges 1939-1945 (Stuttgart 2007) via 

https://www.wlb-stuttgart.de/seekrieg/chronik.htm.  

Yes  

- Schroeder, W, 

Kutzleben, K. von 

Minnenschiffe. Marinekleinkampfmittel (1974). No  

SBS Scheuch, K. Die Schnellboot-Seite 

http://www.s-boot.net/englisch/index-english.html (consulted 25 

March 2021, 14.15) 

Yes 

TER Termote, T. Oorlog onder water. Unterseeboots Flotille Flandern 1915-1918 

(Leuven 2014). 

Yes 

VER Vernier, Fr. Le premier « Mur de l’Atlantique » 1914-1918. Les batteries 

allemandes au littoral belge (2012). 

Yes  

WRE Wrecksite.eu Online wreck database 

https://www.wrecksite.eu/Wrecksite.aspx (consulted 31 March 

2021, 10.11). 

Yes 

ZAL Zaloga. S.J. The Atlantic Wall (1). France (Oxford 2007). Yes 

- Zaloga. S.J. The Atlantic Wall (2). Belgium, The Netherlands, Denmark and 

Norway. (Oxford 2009). 

No 

Table 23: References to literature. 

 

The annexes in this table contain the events that are considered relevant for the area of interest. To guarantee 

authenticity, the sources in Dutch, English, French and German have been quoted in their original language. 
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Pre-war period and the First World War 1914-1918 

During the second half of the 19th century and the 20th century tension were rising in Europe. Most countries were 

increasing their military expenses by producing weapons, cannons and shells. The great powers at the time were 

divided in two blocks. Great-Britain, France and the Russian Empire were joined into the Triple Entente. The German 

Empire together with the Austrian-Hungarian Empire and Italy formed the Triple Alliance. Italy left the Alliance in 1915, 

instead came the Ottoman Empire. Both alliances assured military support for its own members. The assassination of 

the Austrian-Hungarian crown prince Franz Ferdinand on the 28th of June 1914 in Sarajevo eventually lead to the 

outbreak of the First World War. During this war there were many battle activities in different countries. This research 

focuses on the western front. The following literature is relevant for this period: 

 

Date / year  Event Source Page 

1914-1918 The North Sea, and more specifica the Belgian part of it, was subject to intensive 

sea mine laying activity during WWI. Both belligerent parties laid mines, and by 

the end of the war, the channel formed a dense, almost impenetrable web of 

minefields. About 8,759 mines were dropped in Belgian waters during WWI: 6,074 

of them were German, 2,075 British and 610 French. The figure gives an overview 

of all mine fields in Belgian waters by the end of the war in 1918. 

 

 
 

The mines were employed as offensive or defensive weapons in rivers, harbours 

and seas, but they also had a big psychological impact. Offensive mines were 

placed in enemy waters, outside harbours and across important shipping routes, 

sinking both merchant and military vessels. Defensive minefields safeguarded key 

stretches of coast from enemy ships and submarines, forcing them into more 

easily defended areas, or keeping them away from sensitive ones. The best-

known are the moored mines, spherical metal devices with characteristic 

protuberances (Hertz horns). Quite a few of these mines broke from their 

moorings and went adrift after a while. A lot of them washed ashore, which made 

the beaches very dangerous places. This was often the case with the British Mark 

3 naval mine; hundreds of these mines washed up on the surrounding beaches. 

Other mines seemed to be more effective. A big amount of ships, both merchant 

and military, including ships from neutral countries, were sunk by mines. The allies 

lost no fewer than 284 ships due to German mines. The Belgian part of the North 

Sea still contains the remains of numerous shipwrecks, such as the German 

torpedo boats Senator Holthusen and A58, the French torpedo boat P319 and the 

British Freighter Ardmount, all sunk by mines. 

DEC 70-

76 
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Date / year  Event Source Page 

It took several months and a lot of minesweepers, either purpose-built military 

Ships or converted trawlers, working around the clock, to clear the mine fields 

after the war. But, despite those post-war clearance operations, the sea bottom is 

still littered with unexploded ordnance (UXO) such as sea mines. Still today, mines 

are found by fishermen and dredging vessels. Due, however, to extensive trawling 

activities and seabed dynamics, such as moving sand ridges, there is, in most 

cases, no clear relation between the position of found mines and the location of 

historical minefields. 

 

1915 Batterij Tirpitz 

 

Deze zware batterij was gelegen in het binnenland op 1200 meter van de kust, 

langs de Elisabethlaan te Oostende. 

 

Twee stukken kwamen aan op 30 augustus 1915 en waren de volgende maand 

schietklaar. Bij het proefvuren op 7 september barstte één der lopen en vielen 12 

slachtoffers onder de kanonniers. Pas op 16 juli 1916 waren de vier stukken 

volledig gebruiksklaar. Door de installatie van de batterij werd het voor de Britse 

marine onmogelijk om de haveninstallaties van Oostende vanuit zee efficiënt te 

beschieten. 

 

De batterij omvatte 4 stukken van 28 cm [28cm S.K. L/45], model 1911. Stukken 

konden in een hoek van 45° omhoog gedraaid worden en schoten 32,200 km ver, 

Twee andere lieten slechts een maximale elevatie van 30° toe en konden 

daardoor maar een afstand van 28,560 km bestrijken. De kanonnen stonden in 

een rechte lijn op 40 meter van elkaar opgesteld in cirkelvormige 

betonbeddingen van 4 meter diep en met een diameter van 13,5 meter die het 

vuren in alle richtingen mogelijk maakten. 

- Not relevant, this battery could not reach the area of analysis. 

DES 158- 

7 September 

1915 

Coastal bombardment. Chart showing the positions of three British monitor ships, 

bombarding the Belgian coast. 

 
- Not relevant, due to the range of British monitor’s guns this ships had to came 

closer to the coast than the minimal distance between the area of analysis and 

the German occupied part of the Belgian coast. 

BAC 1 81-

107 

1916 Chart showing the Belgian Coast Barrage: BAC 1 154 
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Date / year  Event Source Page 

 
- Not relevant, no minefield or other barrages have overlap with the area of 

analysis. 

Batterij Deutschland 

 

De batterij Deutschland was gelegen aan km. 35.500, op 1600 meter in het 

binnenland, nabij de Jacobinessenhoeve. Op Geallieerde kaarten wordt de batterij 

trouwens regelmatig als "batterij Jacobinessen" aangeduid. 

In 1916 werd beslist om een zware batterij te installeren in het binnenland, als 

steun voor de batterij Tirpitz te Oostende en batterij Wilhelm II te Knokke. […] De 

twee eerste stukken werden respectievelijk geleverd op 25 december 1916 en 

begin februari 1917. Beide stukken waren schietklaar op 20 maart 1917. Het 

derde stuk was afgewerkt op 3 juni 1917. De loop van het laatste stuk werd 

aangebracht op 15 juni 1917. Op 27 juni 1917 vuurden de vier stukken op Veurne 

en Adinkerke. 

[…] Ze kende heel weinig activiteit en werd slechts zelden door de Geallieerden 

verontrust. […] Uiteraard nam de batterij deel aan de beschieting van de Britse 

blokkadeschepen tijdens de nacht van 22-23 april 1918 en de Vindictive-aanval 

op Oostende op 10 mei 1918. In september en oktober 1918 werd de getalsterkte 

tot de helft gereduceerd. De meeste manschappen werden ondergebracht in 

nieuw opgerichte afdelingen en namen in andere sectoren deel aan het 

Eindoffensief (sept.-okt. 1918]. Op 17 oktober 1918, tijdens het Geallieerd 

Bevrijdingsoffensief, vuurden de stukken voor- de laatste maal en werden nadien 

definitief buiten gebruik gesteld. Na de af tocht van het Marinekorps kwam de 

batterij onder Belgische bewaking te staan. Er werd een bewakingsschema 

ingesteld omdat de achtergelaten munitie een reëel gevaar vormde. 

 

Met vier stukken scheepsgeschut van 38 cm [38cm S.K. L/L45] was deze batterij 

de zwaarste van het ganse kustverdedigingssysteem. Dergelijke stukken 

(codenaam "Max") waren oorspronkelijk vervaardigd bij Krupp voor de schepen 

Bayern en Baden, maar werden uitgevoerd om op het land als kustverdediging 

ingezet te worden. Ze waren per twee gegroepeerd op een front van 700 meter. 

[…] De stukken waren opgesteld op een centrale as en draaiden achteraan op een 

geleidingsrail zodat het mogelijk was om een volledige cirkel te beschrijven. […] Er 

werden twee soorten munitie gebruikt: de projectielen met een valse spits 2.05 
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meter hoog en de normale munitie van 1.32 meter hoog. De grootste projectielen 

met een gewicht van 750 kg, hadden een reikwijdte van 34 kilometer. De kleinere 

projectielen droegen tussen 38 en 42 kilometer ver. Uitzonderlijk en in ideale 

omstandigheden werd zelfs een schootsafstand van 55 kilometer bereikt. 

- Relevant, this coastal battery could reach the area of analysis. 

Batterij Deutchland: 

 
- Context information. 

RHY 244 

Spring 1916 Door de grotere afstanden, de zwaardere geallieerde tegenmaatregelen en de 

verliezen die de u-bootvloot aan het lijden was, steeg de behoefte aan een nieuw 

soort u-boot die vlugger gebouwd kon worden. In het voorjaar van 1916 bestelde 

de u-bootinspectie het UB-III-type. Deze betere en meer wendbare versie van het 

u-type had een waterverplaatsing die 300 ton minder woog (516 brt). Door de 

wendbaarheid haalde UB-III ook een snelle duiktijd van 30 seconden en een 

testdiepte van 50 meter. Tussen januari en maart 1917 liep de eerste serie met 

UB-48 tot UB-53 van stapel bij Blohm & Voss. Vergeleken met de bouwtijd van 

het u-type betekende de zes maanden om uB-III-boten te construeren een 

record. Uiteindelijk volgden de u-boten UB-48 tot UB-132, UB-142, UB-143, UB-

148 en UB-149. In totaal zouden 89 u-boten van het UB-III-type in dienst gaan 

bij de Kaiserliche Marine. […] De bewapening bestond uit vier boegtorpedobuizen 

en één hektorpedobuis van elk 50 centimeter, met een voorraad van tien 

torpedo's. Aan dek, voor de toren, werd een geschut geplaatst van 8,8 of 10,5 

centimeter. Daarvoor had UB-IIl een voorraad aan boord van 160 patronen, deels 

bovendeks en deels binnenin. De bemanning bestond uit 3 officieren en 31 

manschappen. […] 

In 1917 waren er twintig UB-III-boten werkzaam in de Noordzee en er werden 

acht boten van dit type bij de Flandernflottille gevoegd: UB-54, UB-55, UB-56, 

UB-57, UB-58, UB-59, UB-80 en UB-8I. De twaalf andere waren in Duitse havens 

ondergebracht. UB-57 werd de succesvolste UB-IIl en slaagde erin om tijdens vijf 

jachtpatrouilles zeventien schepen (43.561 brt) te vernietigen. In 1918 kwamen 

verder nog zeventien UB-III-boten naar Vlaanderen: UB-74, UB-78, uB-88, UB-103, 

UB-104, UB-106, UB-107, UB-108, UB-109, UB-110, UB-111, UB-112, UB-113, UB-

114, UB-115, UB-116 en UB-117. Alle andere nummers gingen naar de 

Middellandse Zee, de Oostzee en Duitse basissen. Het werd almaar moeilijker om 

schade aan de geallieerden toe te brengen, vooral door de introductie van 
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kustgebonden konvooien. De ingang van het Kanaal werd zwaarder bewaakt, 

waardoor de grote u-boten gedwongen waren om langs de noordelijke route (via 

Schotland) de Ierse Zee te bereiken. Uiteindelijk zouden de UB-III-boten van de 

Flandernflottille grote verliezen lijden door het zinken van zestien vaartuigen: UB-

54, UB-55, UB-56, UB-57, UB-58, UB-74, UB-81, UB-I03, UB-104, UB-107, UB-108, 

UB-109, UB-110, UB-113, UB-115 en UB-116. 

- Context information. 

24 April 1916 On April 24th the mine-net barrage was stretched along the Belgian coast, and 

from this time onwards the 12-inch monitors took up a daily patrol along this line, 

firing at the German destroyers as occasion offered. In this they did far more 

useful work in stopping the laying of submarine mines in the Channel than by 

attempting impossibilities. 

- Not relevant regarding the area of analysis. 

BAC 1 93 

October 1916 Batterij Pommern 

 

In de meeste publicaties over Duitse kustverdediging 14 18 wordt eveneens de 

batterij POMMERN, algemeen gekend onder de naam "LEUGEN BOOM" vermeld.  

[…] Hoewel het werd bediend door de Marine artillerie, was het niet specifiek voor 

de kustverdediging bedoeld. Het kanon beschoot vanuit het Stokerijbos te Moere 

(Koekelare) meestal Duinkerke en andere landdoelen. Hierover schrijft het 

Hoofdkwartier van het Marinekorps op 19 september 1918 in de nota "Die 

Entwicklung der Marineküstenartillerie in Flandern" het volgende: "Om Duinkerke, 

leper en andere belangrijke achteruitgelegen doelen te kunnen beschieten werd 

een 38cm geschut –batterij Pommern- aan het Landfront opgesteld. Het kon ook 

in een beperkte hoek op zeedoelen schieten maar was toch in de eerste plaats 

bedoeld om de landoorlog te dienen." 

De werken begonnen in oktober 1916. Het stuk was klaar op 15 mei 1917. Op 27 

juni 1917 vuurde het stuk voor de eerste maal, samen met batterij Deutschland, 

op Veurne en Adinkerke. Dezelfde dag beschoot Pommern de haven van 

Duinkerke. 

Bij het wegtrekken van de bemanning werd op 16 oktober 1918 om 14h40 de 

loop pal tegen de borstwering gezet, waarna een laatste schot werd afgevuurd 

om zodoende de loop te laten ontploffen. Deze operatie kende niet het 

verhoopte succes, want het projectiel doorboorde de wand en kwam slechts 800 

meter verder tot ontploffing. Daardoor werd het stuk slechts oppervlakkig 

beschadigd en viel vrij intact in Belgische handen. 

 

De batterij Pommern bevatte één scheepsgeschut van 38cm, gebouwd bij Krupp 

in 1914. Het stuk werd elektrisch bewogen en de maximale hoogte was 45°. Het 

kanon kon 157° draaien en het centrum hiervan was de richting naar Duinkerke. 

- Relevant, this battery could reach the area of analysis. 
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- Context information. 

VER 149 

1917 Chart showing the Belgian Coast Barrage: 

 
- Not relevant, no minefield or other barrages have overlap with the area of 

analysis. 

BAC 1 370 

After 1918 Later when hostilities were over, it was possible to use drifters by themselves to 

sweep shallow fields near the Dutch and Belgian coasts where the water was very 

shallow and even mines sitting on the bottom were a danger. These all had to be 

painstakingly trawled up and exploded. There was also the dangerous job of 

exploding the many mines that became washed up on shore. This work was 

undertaken by a small flotilla of drifters based on Ostend. 

- Context information. 

CRO 154 

1918 Mines, of course, remain deadly irrespective of peace treaties or armistices. No 

fewer than 240,000 mines were scattered about the seas, some in their original 

position, some having dragged their moorings and settled in a new location, and 

some drifting freely. These constituted a major danger to shipping after the end 

of the war. To clear them up an international committee was formed, which 

included most belligerent and neutral countries, and was eventually joined by the 

CRO 149-
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defeated powers. This was called the International Mine Clearance Committee 

(IMCC) and was organized principally by the Royal Navy. All members carried out 

mine clearance activities and reported regularly to the IMCC, who issued regular 

charts and updates showing safe areas and known danger zones. 

The main part of the clearance work was divided between the maritime nations, 

Germany being responsible for sweeping Heligoland Bight, France the waters off 

the French and Belgian coasts, America the Northern Barrage and the UK, most of 

the rest, working through a new organization called the Mine Clearance Service. 

The service was manned mainly by Royal Navy personnel and fishermen and 

consisted of 14,500 men and 700 officers at its peak.  

A particular danger when clearing dense fields was what was known as ‘counter 

mining’. This occurred when exploding one mine would set off others in the 

vicinity – possibly dangerously close to the sweeper involved. 

Normally, deep minefields were left until last, as they did not constitute a serious 

danger to shipping, but sometimes some of the mines were laid incorrectly and 

finished up close to the surface. It was determined to skim of any of these shallow 

mines first, and the sweep began in the normal way. 

The intensive mining of the eastern North Sea also affected the German Navy to 

such an extent that it could not even undertake exercises safely, the British 

offensive mining campaign contributed to the collapse of fleet discipline and 

hence to the popular revolt against the Kaiser’s government, which resulted in the 

Armistice. 

- Context information. 

Table 24: Overview of events during the Pre-war period and the First World War. 

 

Interwar period 1919-1939 

After the areas devastated and damaged areas of WWI were rebuild, rural fields were brought back into cultivation and 

remainders of the war, like UXO, were cleared to a certain extent. Nowadays it is known that many tons of UXO were 

dumped, e.g. in the North Sea. During the interwar period, as the economies developed, construction and 

infrastructural works took place. During the 1930’s international tensions rose again and many countries anticipated by 

building defence works. For this period no relevant information was found regarding this project. 

 

The Second World War 1940-1945 

After the German invasion of Poland on the 1st of September 1939, France and Great-Britain declared war with 

Germany. For about six months, different countries mobilized their armies but the fighting was very limited. In April 

1940 Germany invaded Denmark and Norway. About one month later, on the 10th of May 1940, the German army 

invaded The Netherlands, Belgium and the Grand Duchy of Luxembourg. France was also invaded. From July 1940 till 

October 1940 the German Luftwaffe waged war over the North Sea and the English air space. Between 1941 and the 

first half of 1943 little movement was seen on the western front. This changed with the Allied landing in Italy (3rd of 

September 1943) and the landings on the Normandy beaches (6th of June 1944). It would take the Allied forces in 

Western Europe about ten months to liberate large parts of Europe and to enter Germany to force an unconditional 

surrender. The following literature is relevant for this period: 

 

Date / year  Event Source Page 

1940-1944 German Army railroad artillery batteries in France: ZAL 6 
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- Relevant, overview of heavy German guns. 

Total view railway guns Atlantikwall and Mediterranean Sea. 

- Relevant, overview of heavy German guns. 

BUN - 

17 March 

1940 

The Dutch Steam Ship (SS) Sint Annaland sunk after she ran on a mine. The wreck 

lies in position 51°22,996’N 02°00,142’E. 

- Relevant, war related event. 

WRE - 

20 May 

1944 

The German fast boat S-87 was struck by a bomb hit off Ostend by a British fighter-

bomber and scuttled. 

 

In the night to the 20.05.1944 the 8. SFltl with "S 64", "S 133", "S 127", "S 87", "S 83", 

"S 117", and "S 67" laid 12 UMB and 16 M-1 off Orfordness. On the march back "S 

87" (Oblt.z.S. Rathenow) was severely damaged by an attack of British Swordfish-

aircraft and could not be maintained in spite of a trial by S 54" to tug it. Killed in 

action were: Seekadett Böhland, MechObGefr.  Baumann, MaschObGefr. Schürks. 

MaschObGefr. Schulze was missed in action. All other crewmembers were rescued by 

other boats, among them nine wounded. 

 

Armament S-87: 

SBS / 
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- Not relevant. According to wrecksite.eu the wreck of the S-87 lies in position 

51°19,95’N 02°49,92’E. This location is partially confirmed in primary sources, see 

Annex 4. 

 
- Not relevant. According to wrecksite.eu the wreck of the S-87 lies in position 

51°19,95’N 02°49,92’E. This location is partially confirmed in primary sources, see 

Annex 4. 

WRE - 

22 

December 

1944 

A-Datum : 22.12.1944 

Zeit : 18:13 

Quadrat : AN 8749 unten 

Nation des Angreifers : deutsch 

Schnellboot(e) : S 212 222 705 , 211 223 704 

Kommandant / *Verbandführer : * Matzen 

Flottille(n) : 6. Schnellbootflottille 

Anzahl Torpedos/Minen : 22 

HMA - 
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Eingesetzte Waffe(n) : Mine(n) 

Waffentyp : 19 LMB, 3 UMB 

Position des Ziels : AN 8749 u. [2] 

Bemerkungen: Vor Hoek von 18.31 bis 18.43 Uhr Gefechte mit brit Bewachern. - 

Minenlage: AN 8749 r.o. über AN 8757 l.M. bis AN 8757 l.o.K. [1] - 

Umrechnung: AN 8749 u. = 51.18n 02.25e [UH] 

- Relevant, German minelaying to disturb the allied convoys towards Antwerp. 

22/23 

December 

1944 

The German fast boat S-192 was hit by artillery west of Ostend by British escorts. 

 

Armament S-192: 

 
- Relevant, the wreck lies in the area of analysis. 

SBS - 

S-192 WRE - 
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- Relevant, the wreck lies in the area of analysis. 

24 

December 

1944 

Seegebiet : Westraum 

A-Datum : 24.12.1944 

Zeit : 20:15 

Quadrat : AN 8744-8 u.K. 

Nation des Angreifers : deutsch 

Schnellboot(e) : S 181 221 210 209 177 

Flottille(n) : 2. Schnellbootflottille 

Anzahl Torpedos/Minen : 19 

Eingesetzte Waffe(n) : Mine(n) 

Waffentyp : LMB 

Position des Ziels : AN 8748 l.K.u. - AN 8747 

Relevant, German minelaying to disturb the allied convoys towards Antwerp. 

HMA - 

25 

December 

1944 

Seegebiet : Westraum 

A-Datum : 25.12.1944 

Zeit : früh 

Quadrat : AN 8754-2 

Nation des Angreifers : deutsch 

Schnellboot(e) : S 130 167 175 206 186 207 

Flottille(n) : 9. Schnellbootflottille 

Anzahl Torpedos/Minen : 35 

Eingesetzte Waffe(n) : Mine(n) 

Waffentyp : 26 LMB, 9 UMB 

Position des Ziels : AN 8754 u.K. 

Bemerkungen: Die Flottille wich mehrfach MGB-Gruppen aus und warf ihre Minen 

unbehelligt in AN 8754 = 51.29n 02.36e [HÜ]. 

Relevant, German minelaying to disturb the allied convoys towards Antwerp. 

HMA - 

Table 25: Overview of events during the Second World War, 1940-1945. 

 

Post-war period 

Like the interwar period, countries began to rebuild. As a part of this reconstruction defence works and remaining UXO 

were cleared. Post-war military exercises took place within certain zones in the North Sea. 

 

Date / year  Event Source Page 

1966 The German cargo ship Birkenfels MV sunk after a collision, due to fog. 

- Not relevant, no war related event. 

WRE - 

1995 Er zijn verschillende kandidaten voor het wrak van UB-54 […] Veeleer zou UB-54 

toegeschreven kunnen worden aan een van de drie UB-III-wrakken ten 

TER 260-

263 
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noordoosten van de Fairybank. Dit gebied werd in 1995 extensief onderzocht 

door Dirk Termote en de auteur, omdat er een voormalig Brits mijnenveld was 

gesitueerd tijdens de laatste twee oorlogsjaren. Het succes van het mijnenveld 

was in 1918 nog niet bekend en heel wat duikboten zijn op de terugreis daarin 

terechtgekomen en gezonken. In een rechthoekig gebied van 5 op 10 mijl werden 

zeven uc- en ub-boten ontdekt, sommige op slechts enkele honderden meters 

van elkaar. […]Een derde u-boot van hetzelfde type werd teruggevonden op de 

top van een bank op slechts 2 mijl ten noorden van de Fairybank. Het wrak 

bevindt zich op positie 51° 26' 795 N 02° 19' 993 E, op een diepte van 20 meter. 

Het ligt rechtop, maar is voor drie vierde begraven door zandduinen. Enkel de 

toren, het omliggende dek met samengeperste luchttanks, twee luiktoegangen en 

het voetstuk voor het kanon zijn zichtbaar. Het torenluik staat open, maar is 

volledig met zand gevuld. Eind jaren negentig van de vorige eeuw trok een visser 

het kanon van zijn voetstuk en bracht dit boven: het bleek een 8,8 

centimetergeschutsstuk te zijn. De grootte van het wrak en de afmetingen van de 

toren, alsook de kwaliteit van het materiaal, wijzen in de richting van een UB-III-

boot. gebouwd in het midden of aan het einde van de oorlog. 

- Relevant, information about a wreck in the area of analysis. 

Table 26: Overview of post-war events. 
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ANNEX 3 BELGIAN ARCHIVES 

 

For this desktop study the following Belgian archives are consulted: 

 

• State Archives of Belgium – Algemeen Rijksarchief België; 

• Royal Museum of the Armed Forces and Military History – Koninklijk Museum van het Leger en de 

Krijgsgeschiedenis; 

• Provincial Archives West-Flanders – Provinciaal Archief West-Vlaanderen. 

 

State Archives of Belgium 

The search engine of State Archives of Belgium are used to track relevant inventories. The results are elaborated in the 

table underneath: 

 

Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

1884 Mijnenvegen 1944-1947. 

No relevant information regarding the area of analysis was found. 

 

1885 Mijnenvegen. Post-War Mine clearance in European waters. Interim Reports by the 

International Central Mine Clearance Board (nrs. 4-5; 7-9). Mijnenvegen in zone NEMEDRI-7 

1948-1956. 

5 May 1945 – 31 December 1950. Chart showing mine casualties: 

 
- Not relevant, wrecks outside the area of analysis. 

 

1886 Mijnenvegen. Post-War Mine clearance in European waters. East Atlantic Zone Board 

(E.A.Z.B.). Notulen 44-55 1949-1952; 1954. 
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Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

Post war mine clearance in European waters. East Atlantic Zone Board. Record of the minutes of the 55 meeting, 21 

November 1951. 

 
- Relevant. This fragment of the minutes of meeting shows that the mine risk is still present in cleared areas. 

 

Belgian Sub-area. Lieutenant Commander Van Waesberghe reported period 7 June – 8 September 1950.  

The ocean sweepers continued the ground minesweeping of the following area without results: 
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Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

 
- No relevant information regarding the area of analysis. 

 

1887 I.R.R.A. (International Routeing and Reporting Authori - Notulen en documenten 1945-

1956. 

No relevant information regarding the area of analysis was found. 

 

1888 I.R.R.A. - N.E.M.E.D.R.1. (North European and Medi- routeing instructions (20 en 38 uitgave; 

uitgave 1954): Berichten aan Zeevarenden. N.E.C.R.I. (North European Coastal route 

instructions). Kaarten 1945-1948; 1954. 

16 October 1948, Nemedri. 

o Danger area No. 12(a). North Sea. European Coast. 
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Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

 

 
 

 
 

o In 1954, the NEMEDRI chart shows no longer danger zone No. 12. 
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Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

- Relevant, a zone – declared dangerous for mines in 1948 – lies next to and slightly overlaps with the area of 

analysis. 

 

o 25 March 1946. The ‘NF’ route lies immediately to the south of the area of analysis. The red tinted area on the 

chart is dangerous, except on the prescribed routes shown. 

 

 
 

 
 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 109 / 154 

 

 

Toegang BE-A0510.155: Bestuur van het Zeewezen, 1830-1979 

- Relevant, according to the chart, the area of analysis lies in a dangerous zone (tinted red). Only the shipping routes 

(the closest route to the area of analysis is shown) were considered to be safe enough to allow cargo shipping. 

 

2658 Mistseinen. Zeebrugge. Mistklok, misthoorn, ontmijning, opruimen van wrakken 1942-

1958. 

No relevant information regarding the area of analysis was found. 

 

5366 Verscheidene, 1918-1919: o.a. verzinken van stikgasbommen in Noordzee, op de Binnen 

Paardemarkt 1918-1920. 

No relevant information regarding the area of analysis was found. 

 

5614 Luchtfoto's en plattegronden van Belgische havens [ca. 1935]. 

No relevant information regarding the area of analysis was found. 

 

5678  

No relevant information regarding the area of analysis was found. 

 

7546 Varia (o.a. ontmijning; terugkeer vissersschepen uit Engeland; Deutz-wisselstukken in 

Engeland van Valcke & C°, Oostende) (mijnenkaart 1940) 1944-1947. 

No relevant information regarding the area of analysis was found. 

 

7555 Oorlogsschade 1943. 1942-1944. 

No relevant information regarding the area of analysis was found. 

 

Table 27: Overview consulted documents in the State Archives of Belgium, inventory BE-A0510.155. 

 

Royal Museum of the Armed Forces and Military History  

The Royal Museum keeps the records of the Belgian Army for the period 1830-1918, and thus includes the records from 

the First World War. For many years, much of those records were considered as lost or destroyed. Until after the end of 

the Cold War and the collapse of the Soviet Union, for the first time the Moscow archives were open for Belgian 

researchers. There they discovered a vast amount of records belonging to the Belgian government, most of them were 

military archives. After a long period of negotiation, the Russian government agreed to return these archives. Since 

spring 2002, the long-lost archives are present at the Royal Museum and made accessible for researchers. 

 

Ex-CDH 

Commandement des Services Maritimes Militaires 

496 Verslagen van de activiteiten van de mijnenvegers, 1917-1918 

Not relevant for the area of analysis: the record concerns minesweeping off the French coast. 

 

497 Briefwisseling met diverse diensten en eenheden betreffende de organisatie van het mijnenvegen, de 

bemanningen, communicatie, enz., 1917-1918 

Not relevant, no information on UXO. 

 

498 Weekverslagen van de Groupe des Arraisonneurs et Drageurs (inspectie en mijnenvegen), 1918 

Not relevant. The weekly reports show that the Belgian forces assisted in sweeping the waters off the French coast. In 

other cases no specific location could be derived from these reports. 

 

1029 Dossier inzake het vegen van mijnen en het plaatsen van boeien, 1918 

Relevant, this record shows the minesweeping in Belgian waters was carried out by the French and British navy. 

Commandement de la Côte 

1048 Dossier inzake de organisatie van en de in te zetten middelen voor het mijnenvegen, begeleiden en 

slepen van schepen en de hydrografie. 1918. 
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Ex-CDH 

Not relevant, this record only shows that the Belgian navy was not equipped sufficient to support the minesweeping 

efforts of the French and British navy. 

 

 

 
- Not relevant, the swept channel lies close to the coast, far from the area of analysis. 

 

1051 Stukken betreffende de Duitse verdediging van de Belgische kust en het rapport Brosius. 

Information on the German heavy coastal artillery: 

 
- Relevant, the extract of the document indicates the heaviest guns and their maximum range. When taken into 

account the position on land and the maximum shooting range of the guns, only Battery Deutschland was able to 

reach the target area. 

 

1057 Duitse kaarten met opgave van de genieparken, medische eenheden, communicatie-installaties, 

munitiedepots, wagenpark, magazijnen, luchtmachtinstallaties en artillerieopstellingen van het 

Marinekorps. 1917-1918. 

No relevant information regarding the area of analysis. 

 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 111 / 154 

 

 

Ex-CDH 

1070 Minuten van uitgaande brieven gericht aan het Commandement de la Côte. 1918-1919. 

No relevant information regarding the area of analysis. 

 

1073 Rapport Bronne. 1918. 

Descriptions of the German batteries Deutschland and Leugenboom: 

 

 

 
- Context information. 

Table 28: Overview consulted documents in the Royal Museum of the Army and War History, inventory ex-CDH. 
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ANNEX 4 INTERNATIONAL ARCHIVES 

 

Several international archives have been consulted in order to gain information on the war related events in the area of 

investigation. The REASeuro database contains a large quantity of documents from the British, American and German 

archives. The following international archives yielded relevant documents for this desk top study:  

 

• The National Archives (TNA) in London, UK.  

• National Archives and Records Administration (NARA) in College Park (MD), United States. 

• Bundesarchiv-Militärarchiv (BaMa) in Freiburg, Germany. 

• The National Archives of the Netherlands in The Hague. 

 

The National Archives 

The National Archives (TNA) have been consulted for more information on maritime and aerial warfare in the area of 

investigation. This annex contains relevant information from TNA. Information regarding maritime and aerial warfare is 

mentioned consecutively.  

 

Admiralty series 

The admiralty series (ADM) have been consulted for information concerning wrecks, naval combat, minefields and air 

strikes. Consulting these series yielded several files containing relevant information. These files are shown in the tables 

below. 

 

Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

ADM 1/15455 Dutch and Belgian coasts: minelaying by coastal forces and aircraft. 

 

No relevant information regarding the area of analysis. 

 

ADM 1/18737 This file was originally catalogued under more than one subject code. These subject codes and 

details of this file are as follows: 

 

DEFINITIONS OF TERMS AND EXPRESSIONS (35): Summary of minesweeping operations in the 

Scheldt area during May and June. Correspondence relating to mine deflector devices. 

 

INVENTIONS AND SUGGESTIONS (59): Summary of minesweeping operations in the Scheldt 

area during May and June: Correspondence dealing with mine deflector devices 

No relevant information regarding the area of analysis. The information is about mine sweeping and mine 

encounters when clearing the trade routes in 1945. Those routes lies to the south of the area of analysis. 

 

ADM 1/19745 Post-war mine clearance in European waters: first interim report of International Central Board. 

With charts, 1946-1947. 

No relevant information regarding the area of analysis. 

 

ADM 1/18996 Results of British minelaying offensive. 

General information about total amount of laid/dropped mines, 3rd September 1939 – 5th May 1945: 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

This means a total amount of 73,650 mines was laid in offensive minefields during World War Two by the British 

forces only. 

- Context information. 

 

ADM 186/803 Battle Summaries No. 11. The passage of the Scharnhorst, Gneisenau and Prinz Eugen through 

the English Channel, 12 February 1942 

Chart showing the estimated track of the German battle cruisers, 10.45 to 16.00 hours, 12 February 1942, also 

showing the positions of attacks by British naval forces.  

 

 
- Not relevant, the German ships passed south of the area of analysis and no British naval attacks are shown in or 

near the area of analysis. 

 

ADM 199/153 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/154 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/155 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/181 Anti-mining measures and minesweeping: policy, reports, etc. 

1939-1941 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

No relevant information regarding the area of analysis. 

 

ADM 199/182 Minelaying and minesweeping: reports 

1939-1940 

No relevant information regarding the area of analysis. 

 

ADM 199/183 Minelaying and minesweeping: reports 

1939-1940 

No relevant information regarding the area of analysis. 

 

ADM 199/185 Minelaying and minesweeping: reports 

1939-1941 

No relevant information regarding the area of analysis. 

 

ADM 199/187 Naval operations in the Baltic, North Seas, English Channel and Pacific 

1943-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/535 Minelaying and minesweeping: reports 

1939-1943 

No relevant information regarding the area of analysis. 

 

ADM 199/539 Minelaying and minesweeping: reports. Includes 6 photographs depicting: Aerial 

reconnaissance photographs showing effects of mining 

1939-1940 

No relevant information regarding the area of analysis. 

 

ADM 199/544 Minelaying and minesweeping: reports 

1942-1944 

No relevant information regarding the area of analysis. 

 

ADM 199/550 Admiralty: War History Cases and Papers, Second World War. Minelaying and minesweeping: 

reports. 1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/551 Minelaying and minesweeping: reports 

1939-1945  

No relevant information regarding the area of analysis. 

 

ADM 199/667 Operations off French, Belgian and Dutch coasts, 1940. 

No relevant information regarding the area of analysis. 

 

ADM 199/741 Minelaying and minesweeping: reports 

1941-1942 

No relevant information regarding the area of analysis. 

 

ADM 199/742 Minelaying and minesweeping: reports 

1942-1943 

No relevant information regarding the area of analysis. 

 

ADM 199/743 Minelaying and minesweeping: reports 

1941 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

No relevant information regarding the area of analysis. 

 

ADM 199/744 Minelaying and minesweeping: reports 

1940-1942 

No relevant information regarding the area of analysis. 

 

ADM 199/1167 Minelaying and minesweeping: reports 

1939-1945 

15 January 1942. Operation NQ(A). 

- Relevant, minefield near area of analysis: see ADM 234/560 in this Annex. 

 

ADM 199/1168 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/1169 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/1170 Minelaying and minesweeping: reports 

1939-1945 

No relevant information regarding the area of analysis. 

 

ADM 199/1171 Enemy mining activity and minesweeping: summaries 

1939-1940 

No relevant information regarding the area of analysis. 

 

ADM 199/1172 Enemy mining activity and minesweeping: summaries 

1940-1945 

24-30 May 1945. Minesweeping Summary No. 293. 

 

Casualty Time & date Position Cause Charted depth Fate of ship General 

locality 

John Woolman  

US tanker 

1.00 

18 May 

1945 

51°22’N, 

02°28’E 

Ground mine 18 fathoms 

[32.92 m] 

Damaged  20’ N of 

Dunkirk 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Relevant, indication of mine encounter in the vicinity of the area of analysis. 

 

ADM 199/1350 Minelaying and minesweeping: reports 

1944 

No relevant information regarding the area of analysis. 

 

ADM 199/1351 Minelaying and minesweeping: reports 

1942-1943 

No relevant information regarding the area of analysis. 

 

ADM 199/1354 Effect of Allied bombing and minelaying on U-boat warfare: reports and assessments 

No relevant information regarding the area of analysis. 

 

ADM 199/1440 Admiralty: War History Cases and Papers, Second World War. Home Fleet and Nore: War 

Diaries and Despatches. 

1943 - 1945 

Night 22/23 December 1944: 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Relevant, during this night the German S-192 was sunk by gunfire, the wreck lies in the area of analysis. 

 

ADM 199/1629 Minesweeping and minelaying orders and reports 

Admiralty: War History Cases and Papers, Second World War. OPERATION `NEPTUNE' 

(OVERLORD). Minesweeping and minelaying orders and reports. 

No relevant information regarding the area of analysis. 

 

ADM 199/1940 Daily summary of naval events Vol 15 

1944 July - Dec. 

No relevant information regarding the area of analysis. 

 

ADM 199/1954 Daily Operations Report for First Lord 

1944 Oct. - 1945 Jan. 

No relevant information regarding the area of analysis. 

 

ADM 199/1957 Daily Operations Report for First Lord 

1944 Oct - 1945 Jan 

No relevant information regarding the area of analysis. 

 

ADM 199/1959 Daily summary of naval events Vol 3 

1940 Apr. - June 

No relevant information regarding the area of analysis. 

 

ADM 199/1971 Daily summary of naval events Vol 15 

1944 July - Dec. 

Night 18/19 August 1944. Confirmation of the air attack: 

 
 

Night 22/23 December 1944. Additional information on the sea battle during which the German S-192 was sunk: 

 
 

ADM 199/2204 War diary summaries: situation reports 

1940 May 1-15 

No relevant information regarding the area of analysis. 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 

ADM 234/217 Admiralty, and Ministry of Defence, Navy Department: Reference Books (BR Series). German 

minelaying. 

1949-1970 

Not relevant, general information on German mines and minelaying. 

 

ADM 234/288 German Mine Warfare, 1939-1945 

Not relevant, general information on German mines and minelaying. No specific information regarding the area of 

analysis. 

 

ADM 234/560 British mining operations 1939-1945: Vol 1 

Operations during January 1942: 

 

• Operation NQ(A), 15 January 1942 

 

Operation NQ(A) was the first of the series of three fields to be laid in the Outer Ruytingen Channel. The 

PLOVER sailed from Dover at 17.45 on 15 January 1942 with the 14th MGB Flotilla as close escort. […] The lay 

commenced at 23.15 and a failure in the mechanical timing gear caused irregular spacing; in addition one mine 

was not laid due to a bent draw bar. A total of 99 M Mk1 mines on Mk XV and Mk XVII sinkers were laid in two 

lines as follows: 

 

a. Extending for 2.05 miles [3,796.6 m] in a direction 140° from position 51°25’ 27”N, 02°30’ 24” E (38 mines), 

thence for 1.65 miles [3,055.8 m] in a direction 273° (45 mines). 

 

b. Extending for 1.1 miles [2,037.2 m] in a direction 145° from position 51°23’36”N, 02°30’12”E (16 mines) 

 

Mines were laid at a depth of 18 feet [5.49 m]. 

 

When plotting the given coordinates, directions, and distances of NQ(A), it seems the minefield was laid just 

outside the area of analysis: 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
 

• Operation NQ(B), 22 January 1942 

 

[…] the PLOVER left Dover at 22.45 on 21 January 1942, escorted by the 14th MGB Flotilla, to carry out 

operation NQ(B). […] 

Between 3.40 and 4.36 on 22nd the PLOVER laid 100 M Mk1 mines on Mk XV and Mk XVII sinkers along a zig-

zag line extending for 2.8 miles in a direction 281° from position 51°18.2’N, 02°21.8’E (30 mines), thence for 2.5 

miles in a direction 192° (33 mines), thence for 2.5 miles in a direction 274° (37 mines). Laying was carried out 

by hand and there were no jams or delays. Mines were set to a depth of 18 feet (5.49 m). 

 

When plotting the given coordinates, directions, and distances of NQ(B), it seems the minefield was laid south 

of the area of analysis: 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
 

Coastal Forces operations June to September 1942 

 

Operation Ships Date Mines Remarks 

NU 1 MLs 102, 103, 125, 128, 

210 

29 June 1942 43 Mk 1 obstructers South of W Hinder 

 

*NU 2 MLs 104, 125, 128, 210 13 July 1942 19 M Mk 1 South of W Hinder 

 

NU 4 MLs 125, 210, 213 5 August 1942 40 Mk 1 obstructers South of W Hinder 

 

*: Sterilizers of flooders fitted. 

 

Summary of minelaying by coastal forces craft off the coasts of Holland, Belgium and France 1941-1944 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
 

Coastal Forces mining (home) – area analysis 

 

 
 

East Coast Mine Fields 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 

• Deep field “Z”, operation PB, 6 April 1940 

 

[…] it was decided to lay a further line of deep mines in the area south of the Galloper field. The position 

chosen was governed by the depth of water, the need for leaving ample room for any clearance operations 

preparatory to relaying the shallow mines in the Dover Barrage, and by the desirability of placing the lines 

at right angles to the probable line of approach of U-boats. 

[…] 

Line “Z” consisted of 300 H2/VIII units laid at a depth of 65 feet [19.81 m], extending for eight miles in a 

direction 010° from position 51°34.2’N, 02°31’E. 

 

[see also ADM 239/285 further in this Annex] 

 

 

ADM 234/561 British mining operations 1939-1945: Vol 2 

Summary by area of mines laid by British ships – 1914-1918 

 

Year Month Dover Strait 

mine field 

1914 Oct 2,164 

Nov 300 

Dec - 

Total 2,464 

1915 Jan - 

Feb 4,390 

Mar - 

Apr - 

May 267 

Jun - 

Jul 884 

Aug - 

Sep - 

Oct 320 

Nov - 

Dec - 

Total 5,861 

1916 Jan - 

Feb - 

Mar 1,670 

Apr 2,491 

May 2,670 

Jun - 

Jul 556 

Aug - 

Sep - 

Oct - 

Nov - 

Dec 1,170 

Total 8,557 

1917 Jan 590 

 Feb 270 

 Mar 548 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 Apr 352 

 May 564 

 Jun 1,335 

 Jul 796 

 Aug 252 

 Sep 233 

 Oct 159 

 Nov 48 

 Dec 349 

 Total 5,496 

1918 Jan 447 

 Feb 204 

 Mar 250 

 Apr 372 

 May 1,448 

 Jun 1,200 

 Jul 908 

 Aug 1,048 

 Sep 855 

 Oct 404 

 Nov 188 

 Total 7,324 

Grand totals 29,702 

 

 
- Relevant, during World War One the area of analysis was located in the Dover Strait Mine Field 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

Details of mines laid by surface craft (less coastal forces) and submarines in home waters – 1939-1944 

See ADM 234/560. 

 

 
- Relevant, information about British minefields near the area of analysis. 

 

12 February 1942. Passage of the German battle cruisers Scharnhorst and Gneisenau through the English Channel. 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Relevant, many actions were undertaken by the British Navy and Royal Air Force to take out the Germans ships. 

 

ADM 239/282 Admiralty, and Ministry of Defence, Navy Department: Confidential Reference Books (CB 

Series). Chart No. 434: Dungeness to Dunkerque including Dover Strait, showing positions of 

minefields.1939-1940. 

No relevant information regarding the area of analysis. 

 

ADM 239/283 Admiralty, and Ministry of Defence, Navy Department: Confidential Reference Books (CB 

Series). Chart No. 434: Dungeness to Dunkerque including Dover Strait, showing positions of 

minefields.1941 - 1942 

No relevant information regarding the area of analysis. 

 

ADM 239/284 Admiralty, and Ministry of Defence, Navy Department: Confidential Reference Books (CB 

Series). Chart No. 434: Dungeness to Dunkerque including Dover Strait, showing positions of 

minefields. 1942-1944. 

13 June 1942. Operation NU 2. 

 

Ref. No. Title Type Date laid Date safe QZX 

65 NU 2 M.(18) 

[= Moored magnetic mines] 

13 June 1942 26 October 

1942 

754 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Relevant, indication of Operation NU near the area of analysis. 

 

ADM 239/285 Admiralty, and Ministry of Defence, Navy Department: Confidential Reference Books (CB 

Series). Chart No. Z 28: British islands and North Sea: deep minefields. 1940. 

Deep minefields.  

• Line Z. 

From: 51°34’12”N, 02°31’00”E 

Direction, distance: 010°, 8 miles [14.816 km] 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Relevant, mine field overlaps with the area of analysis. 

 

ADM 239/286 Admiralty, and Ministry of Defence, Navy Department: Confidential Reference Books (CB 

Series). Chart No. Z 28: British islands and North Sea: deep minefields.1939-1941 

No additional information compared to ADM 239/285 (see above). 

 

ADM 239/304 North Sea: chart 736 showing position of British and German minefields 

Chart, prepared on 25 July 1941. 
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Admiralty, and Ministry of Defence, Navy Department: Correspondence and Papers (ADM) 

 
- Not relevant, information is more accurate in other records in this annex.  

 

ADM 243/16 Operation BUTTERMILK: minelaying operations off the Dutch French and Belgian coasts. 

No relevant information regarding the area of analysis. 

 

Table 29: Overview consulted inventories at TNA, ADM series.  

 

Cabinet and its committees (CAB) 

CAB 101/324 Air Offensive Against Enemy Shipping and Bomber Command Minelaying Operations, 1 

September 1944 - 5 May 1945 

No relevant information regarding the area of analysis. 

 

Table 30: Overview consulted inventories at TNA, CAB series. 

 

Air Ministry series 

The Air Ministry series (AIR) contain information on aerial warfare during the Second World War. The Operations Record 

Books (ORBs) of units that operated in or near the area of investigation have been consulted: 

 

• Headquarters Coastal Command, 1940-1945 

• 16 Group Coastal Command, 1940-1945 

• Headquarters Bomber Command, 1940-1945 

• Intelligence on USAAF missions 

 

16 Group Coastal Command patrolled the North Sea, attacking German shipping and conducting rescue operations. 

ORBs from this unit contain location of air strikes, jettisons, aircraft wreckages and Anti-Aircraft Artillery (AAA). Until 

halfway through 1942 the locations were noted in Coastal Command cypher which has only partially been decrypted by 
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REASeuro. From 1942 onwards the ORBs mention locations in coordinates, based on decimal degrees. One must take 

into account that Coastal Command operated during the night as well, severely restraining navigational accuracy. When 

possible, war related events mentioned in the Coastal Command records have been coupled with records from the 

German point of view, resulting in more accurate positioning based on multiple sources. 

Bomber Command, Coastal Command’s famous land-based counterpart, was also active against German shipping 

during the first years of the war. Besides intentional bombing, Bomber Command aircraft also jettisoned bombs when 

in trouble. The jettisons preferably took place over sea, since this dramatically reduced the chance of collateral damage.  

 

REASeuro digitalized all the relevant latitude/longitude coordinates from Coastal and Bomber Command ORBs and 

plotted these coordinates in GIS. This results in a comprehensive database of Coastal Command activity that may have 

results in the presence of UXO in the area of investigation. Coastal Command activity in and around the area of 

investigation is shown in Figure 31. 

 

 
Figure 31: Locations of Coastal and Bomber Command operations. 

 

No. Date Event Sources 

Bomber Command 

1. 12 February 

1942 

Wellington, Group 1 

Location and target: Battleship 51 32 N 02 37E 

Number and type of bombs dropped: 8 x 500 lbs SAP 

Results and remarks: Bursts seen 150 yards ahead of bows. 

AIR 24/240 

AIR 14/3146 

AIR 14/3364 

 

Coastal Command 

2. 10/11 June 

1944 

Wellington, E/415 SQ 

4 x 500 lbs MC bombs (44 pistol nose, 14 tail), 32 x flares. […] At 2.28 in 

position 51 34N 02 26E radar contact through jamming 2 miles ahead. At 

2.30 in position 51 32N 02 28E visual contact made of two unidentified 

AIR 25/362 

AIR 27/1813 
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No. Date Event Sources 

vessels, 240 degs, speed 15 Kts. […] At 2.40 made level bombing attack 

across port bow of the two vessels (in line abreast). First bomb was seen to 

explode in wake and the remainder bombs exploded but position not 

observed. Crew saw three fires after attack lasting several minutes. Claim 

two E-boats destroyed. Slight inaccurate flak was experienced. 

Coastal Command 

3. 6/7 July 1944 Wellington, /524 SQ 

Armed with 4 x 500 lbs MC bombs and carrying 23 recce flares […] At 0.34 

hours in position 51 27N 02 38E sighted from contact made, eight E-boats 

on course 030 degs at a speed of 20 knots. At 0.37 hours A/C attacked from 

3,000 feet with his four bombs which were seen to explode above surface at 

approximately 100 ft. to port of leading boat. No results observed. […] 

AIR 25/363 

 

[…] Wellington H on patrol Z sighted 9 E-boats at 0.34 attacking at 0.37 in 

position 51 27N 02 38E. […] 

AIR 27/1997 

Coastal Command 

4. + 

5. 

17/18 August 

1944 

Wellington, P/524 SQ 

3 x 500 lbs MC bombs (44 pistol nose, tail fuze 14 secs delay), 19 x Mk I 

flares. […] At 1.34 message from control (1) “Attack 2 E-boats in position 51 

27N 02 25E, course 145, 30 knots. At 1.40 sighted 3 E-boats line astern 

course 135, speed 20 knots. At 1.42 attacked E-boats with bombs. Bombs 

seen to explode about 100 yards from centre boat which left formation 

turning to port and was lost sight of. A/C took avoiding action as a result of 

slight inaccurate light flak. 

AIR 25/365 

 

Wellington. M, P an R were detailed to patrol […] with the object of 

attacking E/R-boats reporting and co-operating with Beaufighters of 143 

SQ. At 22.53, 51 20N 02 36E, P sighted 5 E-boats in line astern on a course 

of 340 at 25 knots. P reported the sighting and attacked at 23.10, 51 26N 02 

35E, running in 30 degrees on the starboard bow, at 3,500 feet and 

releasing 3 x 500 lbs MC bombs with 44 nose pistol and tail fuze .14 seconds 

delay spaced 50 ft in level flight. One bomb was seen to burst in front of the 

second boat, the space between boats being 150 – 200 yards. […] P 

continued to shadow and report the E-boats. At 0.05 in position 51 35N 02 

01E the enemy stopped and at 0.15 a naval action was observed in position 

51 27N 02 00E. Star shell and 20 mm and 37 mm fire were seen, but the 

combatants could not be identified. The enemy then split up and P followed 

two E-boats. 

AIR 27/1997 

Coastal Command 

6. 18/19 August 

1944 

Avenger, /855 

Armed 2 x 250 lbs, 2 x 500 lbs G.P. bombs. […] At 1.38 I position 51 16N 02 

23E visual sighting of six to nine E-boats, course 230T, speed 25 knots. The 

first 4 in line astern and the remainder in scattered loose formation. A/C 

circled and at 1.43 in position 51 20N 02 28E attacked with bombs the four 

leading boats from line astern. Meagre light inaccurate flak after the attack 

as a/c pulled out. Bombs seen to explode well in target area, but no further 

results seen. 

AIR 25/365 

 

Coastal Command 

7. 20/21 February 

1945 

Wellington, T/524 SQ. 

[…] At 23.30 at 51 25N 02 00E numerous blips appeared on screen and flares 

and exchange of gunfire sighted. Much heavy and light gunfire exchanged 

between friendly and enemy naval forces at 0.26 in position 51 40N 02 29E. 

No enemy casualties seen but a fire in sea in approximate position 51 40N 

02 10E. Flak bursting around A/C. 

AIR 25/371 

AIR 27/1997 

Coastal Command 
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No. Date Event Sources 

8. 12 March 1945 Warwick, G/280 SQ 

[…] sighted periscope in position 51 34N 02 32E at 19.05, dropped smoke 

float and circled. Sighted 3 midget U-boats, Seehund type, on surface. Ran 

in and attacked with all machine guns, results unobserved. U-boats dived at 

19.23. 

AIR 25/372 

AIR 15/285 

Warwick G 

[…] 19.05 sighted periscope 51 34N 02 32E dropped smoke float and 

circled. 19.15 recalled. 19.20 position 51 38N 02 37 E sighted three midget 

U-boats Seehund type on surface. Attacked with all machine guns. Results 

unobserved. 

AIR 27/1612 

Table 31: Coastal Command and Bomber Command operations. 

 

Remark on jettisons and flight paths 

Related to the air war are jettisons of bombs and the numerous flight paths of incoming and outgoing bombers above 

the North Sea. During bombing raids, allied bombers followed certain routes towards their target and backwards to 

base. In case of emergency or to avoid landing with the bomb load, the bombs were often released above the North 

Sea. The figure underneath is a document from The National Archives (AIR 14/110 Disposal of bombs not dropped on 

allotted targets) that describes what to with the remaining bomb load. It is stated that a captain could decide where 

ever the bombs are dropped, as long as they are dropped in safe condition. Despite this document, the logs of Coastal 

Command prove that bombs were also jettisoned in live (armed) condition. 

 

 
Figure 32: Extract from AIR 14/110 (Disposal of bombs not dropped on allotted targets). (Source: TNA). 

 

Example of flight path of returning bombers, 4 January 1944. The route passed IJmuiden and the sea off IJmuiden. 
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Figure 33: Example of a flight path of Allied bombers on their return flight, 4 January 1944. (Source: TNA, AIR 40/526) 

 

National Archives and Records Administration 

The following Record Groups have been consulted in the NARA: 

• Record Group 18: Mission Reports. 

The mission reports contain detailed information on allied bombing raids, including height, air speed and the 

deployed munitions. 

• Record Group 242: Captured German Records 

The Captured German Records are microfilmed German army records captured after the German capitulation. 

In several instances the captured records are more complete than the records maintained by the Bundesarchiv.  

• Record Group 342: Records of U.S. Air Force Commands, Activities, and Organizations 

Record Group 342 contains additional details not mentioned in Record Group 18. 

 

Record Group 242: Captured German Records 

A vast collection of German naval records is set out in the microfilm series T 1022 on different rolls. Possible relevant 

rolls are consulted for this desktop study: 

- Records regarding Operation Cerberus (Unternehmen Cerberus): the passage of the German battle cruisers 

Scharnhors, Prinz Eugen en Gneisenau in February 1942; 

- Records of the German fast boats (Schnellboote). 

 

T 1022 / R 2816 Kriegstagebuch ‘Prinz Eugen’, Anlagen 25 April 1941-15 Mai 1942 

Not relevant, no attacks occurred when the Prinz Eugen passed south of the area of analysis. 

 

T 1022 / R 2907 Befehlshaber der Schlachtschiffe: Erfahrunsgberichte Kanalunternehmen 

Not relevant, the escorting 2nd Torpedoboat Flotilla (2. Torpedobootsflotille) do not mention enemy actions during 

the passing of the convoy south of the area of analysis. 

 

T 1022 / R 2908 Befehlshaber der Schlachtschiffe: Erfahrunsgberichte Kanalunternehmen 

No relevant information regarding the area of analysis. 

 

T 1022 / R 2997 Kriegstagebuch ‘Gneisenau’, 1 Mai 1941-30 April 1942 
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Record Group 242: Captured German Records 

Not relevant, no attacks occurred when the Gneisenau passed south of the area of analysis. 

 

T 1022 / R 3002 Kriegstagebuch ‘Scharnhorst’, 1 Oktober 1941-8 März 1943 

Not relevant, no attacks occurred when the Scharnhorst passed south of the area of analysis. 

 

T 1022 / R 3146 Kriegstagebuch Führer der Schnellboote, 1 Februar-23 August 1944 

17 August 1944. Approximately 23.10 hours, in sector AN 8743 right under a bomb exploded in the wake of the 

leading Schnellboot, but no damage. 

- Relevant, position within the area of analysis. 

 

T 1022 / R 3297 Kriegstagebuch Zerstörerschiff Z.7, 1 September 1940-2 Mai 1942 

Not relevant, no attacks occurred when the Destroyer Z.7 passed south of the area of analysis. 

 

T 1022 / R 3307 Kriegstagebuch Zerstörerschiff Z.29, 25 Juni 1941-30 September 1943 

Not relevant, no attacks occurred when the Destroyer Z.29 passed south of the area of analysis. 

 

T 1022 / R 3864 Kriegstagebuch Führer der Schnellboote, 1 Dezember 1944-31 Januar 1945 

19 December 1944. Approximately 3.10 hours, the 9.Schnellbootsflotille laid mines in sector AN 8757, in total 5x 

UMB and 12x LMB mines. A note on the side indicates the mines were laid in sector AN 8746. 

- Relevant, see also ZA 5 (further in this annex). 

 

22 December 1944. Approximately 21.15 hours, boats of the 6.Schnellbootsflotille in sector AN 8749 right side up, 

were engaged in a fight with destroyers and motor gun boats. Also 19x LMB and 3x UMB mines were laid in sectors 

AN 8749 and AN 8755. Till 20.54 hours, two enemy destroyers fired with flares, cannon and machine guns.  

- Relevant, surface craft battle near the area of analysis. Regarding the minelaying, see also ZA 5. 

 

25 December 1944. Approximately 1.40 hours, boats of the 9.Schnellbootsflotille laid mines from sector AN 8754 

under right heading west. A total of 26x LMB and 9x UMB mines were laid. From the south, the fast boats were 

engaged by enemy motor gun boats. The fast boats retreated during the attack via sector AN 8746. 

- Relevant, surface craft battle in and near the area of analysis. Regarding the minelaying, see also ZA 5. 

 

T 1022 / R 3871 Kriegstagebuch 10. Schnellbootsflottille, 1 August-15 September 1944 

17 August 1944. . Approximately 23.10 hours, a bomb exploded in the wake of the leading Schnellboot, but no 

damage. 

- Relevant, position within the area of analysis. 

 

Table 32: Overview consulted sources NARA, RG 242. 

 

Bundesarchiv-Militärarchiv (BAMA) 

The German military archives have been consulted in the BAMA in Freiburg. This archive contains the documents from 

the German military in the Second World War. The following record groups have been consulted by REASeuro to gain 

more information about the German perspective of naval warfare in the area of investigation: 

 

• RH 24-89: LXXXIX Armeekorps 

• RM 2: Kaiserliches Marinekabinett. 

• RM 5: Admiralstab der Marine / Seekriegsleitung der Kaiserlichen Marine. 

• RM 7: Seekriegsleitung der Kriegsmarine. 

• RM 8: Kriegswissenschaftliche Abteilung der Marine (Marinearchiv). 

• RM 35-I: Marinegruppenkommando Ost – Nord der Kriegsmarine. 

• RM 45-II: Dienststellen und Kommandostellen der Kriegsmarine im Bereich Deutsche Bucht und Niederlande. 

• RM 67: Sicherungsdivisionen der Kriegsmarine. 

• ZA 5: Deutscher Minenräumdienst (German Minesweeping Administration). 
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The following documents have been found relevant for the area of investigation: 

 

RH 24-89 LXXXIX. Armeekorps 

The German 89th Army Corps (Armeekorps) manned the Atlantikwall south of the Scheldt. The records of this Corps 

are searched for information on coastal defences and guns, relevant for the area of analysis. 

 

RH 24-89/2 Kriegstagebuch Nr. 1 (Belgien, Nordfrankreich) 

31. Juli - 31. Dez. 1942 

No relevant information regarding the area of analysis. 

 

RH 24-89/3 Anlagen 

20. Aug. - 28. Dez. 1942 

Relevant, information on the coastal defences (command structure, Coastal guns: units and calibres). 
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RH 24-89 LXXXIX. Armeekorps 

 
  

RH 24-89/4 Kriegstagebuch Nr. 2 (Belgien) 

1. Jan. - 30. Juni 1943 

No relevant information regarding the area of analysis. 

 

RH 24-89/5 Anlagen 

Jan. - Juni 1943 

Relevant, information on the coastal defences (command structure, Coastal guns: units and calibres). 
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RH 24-89 LXXXIX. Armeekorps 

RH 24-89/8 Kriegstagebuch Nr. 4 

1. Jan. - 30. Juni 1944 

No relevant information regarding the area of analysis. 

 

RH 24-89/9 Anlagen 

Jan. - Juni 1944 

No relevant information regarding the area of analysis. 

 

RH 24-89/23 Das LXXXIX. A.K. in Holland vom 21. Sept. bis 13. Okt. 1944.- Ausarbeitung des ehem. Chefs des 

Generalstabes LXXXIX. A.K., Otto Eckstein1948 

No relevant information regarding the area of analysis. 

 

Table 33: Overview consulted inventories at BAMA, RH 24 series. 

 

RM 5: Admiralstab der Marine / Seekriegsleitung der Kaiserlichen Marine. 

The Admiralty of the Imperial Navy was the highest level of command of the German Navy during the First World 

War. 

 

RM 5/4721K Kommando der Hochseestreitkräfte: "Zusammenstellung der bisher bekannten Minensperren 

und minenverdächtigen Gebiete". Druck, 3.3.1915 

Map showing known and suspected allied minefields, situation March 1915. The area of investigation has overlap 

with an area which was suspected to be mined [The Dover Barrage]. 

 

 
- Relevant, a British minefield has overlap with the area of analysis. 

 

Table 34: Overview consulted inventories at BAMA, RM 5 series. 
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RM 7 Seekriegsleitung der Kriegsmarine 

RM 7/174 Heft VI: Minenkriegführung 

Bd. 3 3. Jan. 1942 - 11. Jan. 1945 

Month of September 1942. In front of the Belgian coast, three German naval ships were sunk: 

• 14 September 1942.Vorpostenboot (Vp.Boot) 1807, cause: ground mine. 

• 14 September 1942. Sperrbrechter (Spr.br.) 142, cause: ground mine. 

• 18 september 1942. Motor boat, cause: air attack or hit by torpedo. 

 

 
- Not that relevant, it is highly likely that the ships sunk closer to the coast, and further away from the area of 

analysis. 

 

Table 35: Overview consulted inventories at BAMA, RM 7 series. 

 

RM 35-I: Marinegruppenkommando Ost – Nord der Kriegsmarine. 

The Marinegruppenkommando Ost – Nord operated as the commander of the units that had to secure the East and 

North Sea.  

 

RM 35-I/267 Minen, Allgemein 

Minensperren Nordsee 

10. Aug. 1940 - 1. Okt. 1943 

Relevant, but information is more complete in the ZA series (see further in this annex). 

 

Table 36: Overview consulted inventories at BAMA, RM 35-I series. 

 

RM 35-II Marinegruppenkommando West der Kriegsmarine 

RM 35-II/148 Hafenverseuchungen (Sperrpläne): Minensperren für die Hafenverseuchung, Kanalküste, 

französische Südküste, Atlantikküste 

No relevant information regarding the area of analysis. 

 

Table 37: Overview consulted inventories at BAMA, RM 35-II series. 

 

RM 67 Sicherungsdivisionen der Kriegsmarine 

RM 67/18 Kriegstagebuch 1941 – 1945 
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RM 67 Sicherungsdivisionen der Kriegsmarine 

1. - 28. Feb. 1942 

12 February 1942. Air attack. 

 
- Relevant, AN 8746 has overlap with the area of analysis (see also Annex 6). 

 

Table 38: Overview consulted inventories at BAMA, RM 67 series. 

 

ZA 5 Deutscher Minenräumdienst (German Minesweeping Administration) 

The German Minesweeping Administration was responsible for post-war mine clearance of German waters. This 

administration also summarized and mapped all German minefields laid during the Second World War.  

 

ZA 5/16 Geräumte Sperren und Minen 

1945 - 1947 

No relevant information regarding the area of analysis. 

 

ZA 5/27 Im Kriege geworfene Minensperren in der Ost- und Nordsee etc. 

No relevant information regarding the area of analysis. 

 

ZA 5/44 Summary of Enemy Minelaying, The Admiralty, United Kingdom (Großformat) 

Detailed information concerning German minefields. This summary contains all relevant information that forms the 

basis for chart ZA 5/50, including mine types, rows, accuracy and coordinates. 

 

The following minefields intersect with the area of analysis: 

 

No. Date 

laid 

Accur

acy 

(in 

miles) 

Mines Units  M 

or 

G* 

Depth 

(in 

feet) 

Spacin

g (in 

yards) 

Lines Remarks 

 #  Spacing 

(in 

yards) 

E.9 Jul 

1942 

0.5 250 EMC27 

400 XpFl28 

200 StCtr29 

- M 

M 

M 

10 

10-15 

20 

- 2 

2 

1 

 

330 

With lower antenna. To the 

westward. 

 

E.37 Apr 

1945 

- 5 LMB30 3 DM1, 

1 MA2, 1 

MA3 

G - - - - - 

 

E.99 Nov 

1942 

- 180 UMA31 - M - - - - Considered safe. 

 

E.126 1 Nov 

1944 

- 9 UMB32 

6 LMB*** 

- 

MA1 

M 

G 

7 

- 

- - - Irregular area. 

 

E.135 Dec 

1944 

- 6 UMB 

12 LMB III 

- 

DM1 

M 

G 

7 

- 

- - - Belt 1/3 mile wide. 

 

 
27 EMC = Einheits Mine, moored contact mine. 
28 XpFl = Explosive Floater. 
29 StCtr = Static Cutter. 
30 LMB = Luft Mine Type B, an influence ground mine. 
31 UMA = Anti-submarine mine, moored contact mine. 
32 UMB = Anti-submarine mine, moored contact mine. 
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E.136 Dec 

1944 

- 12 UMB 

20 LMB 

- 

9 MA2, 

11 DM1 

M 

G 

7 

- 

- - - Mines scattered. 

 

E.145 Mar 

1945 

- 6 LMB MA2 G - - - - 28-day sterilizer. Also 3 

LMB DM1 laid safe, and 3 

LMB MA3 laid safe. 

 

*: Moored or Ground 

 

- Relevant, German minefields in the area of analysis. 

 

ZA 5/50 German Minelaying 1939 - 1945, Hydrographic Department of the Admiralty (Minenkarten, 

Großformat) 

1945 

Chart E: The North Sea.- Dover and Calais to Orfordness and Scheveningen (1:243000) 

Naval chart showing German minefields. The following minefield were laid in or had overlap with the area of analysis: 

 

No. Mines Type Sort Remark 

E.9 Moored mines Shallow contact mines 

Sweep obstructers 

- 

 

E.37 Ground mines Containing no pressure mines - 

 

E.99 Moored mines Shallow contact mines Stated by the Germans as 

“swept”. 

 

E.126 Ground mines Containing no pressure mines - 

Moored mines Shallow contact mines 

 

E.135 Ground mines Containing some pressure 

mines 

- 

Moored mines Shallow contact mines 

 

E.136 Ground mines Containing some pressure 

mines 

- 

Moored mines Shallow contact mines 

 

E.145 Ground mines Containing no pressure mines - 

 

 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 140 / 154 

 

 

 
- Relevant, seven German minefield had overlap with the area of interest.  

Note that the given coordinates in ZA 5/44 are used to more accurately position the minefield. 

 

Tabel 39: Overview consulted inventories at BAMA, ZA 5 series. 

 

National Archives of the Netherlands (NA) 

 

2.05.32.09 Inventaris van het archief van het Bureau voor Zeeoorlogsschade van het Ministerie van Buitenlandse 

Zaken, 1919-1940 

Inventory no. 44 Kaart van de Noordzee met opgave van de plaatsen waar verankerde mijnen lagen, waarop 

Nederlandse schepen zijn gevaren in de jaren 1914-1916, op linnen, zonder datum 

Relevant information: 

o Map showing ships sunk by moored mines, 1914-1916. A ship, indicated with no. 2, was sunk in the 

vicinity of the area of analysis. 

 

No.2: SS Noordam, sunk on 17 October 1914 
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2.05.32.09 Inventaris van het archief van het Bureau voor Zeeoorlogsschade van het Ministerie van Buitenlandse 

Zaken, 1919-1940 

 
 

Table 40: Overview consulted inventories at NA, 2.05.32.09 series. 
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ANNEX 5 POST-WAR UXO ENCOUNTERS (AND CLEARANCE) 

 

The information on post-war UXO encounters is derived from two sources; (1) the cooperation between the Belgian and 

Dutch Coast Guards, and (2) the accessible data of the OSPAR Commission. The information of both sources could have 

some overlap. 

 

Coast Guard 

The figure below shows the ammunition encounters that have been reported with the Belgian and Dutch Coast Guard 

since 2005: 

 

 
Figure 34: UXO encounters in the North Sea. (Source: Ministry of Rijkswaterstaat). 

 

All these UXO were reported during fishing activities. When encountering a possible UXO, a fishing crew uses the 

Explosives chart. The chart gives a general overview of the most common UXO’s in the North Sea and is an aid for 

fishermen to recognise an encountered UXO. The purpose of the chart is to make the recognition of an UXO and the 

notification of it to the Coast Guard easier. Therefore the chart gives some general pictures of the UXO. This means that 

the UXO encounters of the Coast Guard in many cases do not refer to the reality. This is increased by two other factors: 

the different of UXO on the chart are not always given in the right proportions, and the aerial bombs are pictured with 

their tail however the tail is seldom still attached to a bomb when encountered. Further analyse shows that five UXO’s 

were reported in the area of analysis. Details about the UXO are given in Table 41. 
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Information (Coast Guard) Explosives chart 

No. Reported UXO 

Type 

Date Status Remark Image corresponding to 

reported UXO Type 

1. Probably No. 16 9 March 2019 Sinker [part of a 

moored mine] 

UXO dropped on 26 

February [2019] 

 
 

2. Unknown 10 September 

2015 

Destroyed 1 x 0.5 m, colour: 

coppery. 

- 

 

3. No. 27 9 August 2018 Destroyed - 

 
 

4. Unknown  27 August 2014 Destroyed UXO = torpedo - 

 

5. No. 30 26 May 2005 Destroyed UXO = U.S. 1,000 

lbs aerial bomb 

 
 

 
 

Table 41: Overview UXO clearance. 



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 144 / 154 

 

 

OSPAR Commission 

OSPAR is the mechanism by which 15 governments and the European Union cooperate to protect the marine 

environment of the North-East Atlantic. Since 1972 the OSPAR Convention has worked to identify threats to the marine 

environment and has organised, across its maritime area, programmes and measures to ensure effective national action 

to combat them. One of the Policy Issues of the OSPAR Convention is to report encounters with conventional and 

chemical munitions in the OSPAR maritime area. These encounters are kept in a database33. 

 

Compared to the Coast Guard UXO-encounters, the OSPAR data deliver two additional results. The munition 

encounters from 1999 onwards are rendered in Figure 35. All the available information is processed in Table 42. 

 

 
Figure 35: Overview OSPAR ammunition encounters within the area of investigation. (Source: OSPAR). 

 

No. Nature of Date Type Action taken Remark 

1. Entanglement in nets - Conventional Destroyed - 

 

2. - 26 May 2005 Conventional Destroyed Contact mine No. 29 

 

Table 42: Detailed information on the OSPAR ammunition encounters within the area of investigation. 

 

  

 
33 This database can be consulted at http://odims.ospar.org/layers/?limit=100&offset=0. 
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ANNEX 6 CARTOGRAPHIC MATERIAL 

 

This historical research uses cartographic materials. Relevant cartographic material includes historical coordinate 

systems, minefields and contemporary naval charts. Cartographic material from the following sources has been 

consulted. 

 

• Latitude/longitude coordinates 

• German Quadrantkarte 

• Flanders Marine Institute 

• Coastal Portal 

• Compendium 

• Flemish Agency Marine Services & Coast 

• UK Hydrographic Office 

• Library of Congress 

 

Latitude/longitude coordinates 

Naval locations in historical sources are often noted in decimal degrees and minutes. One minute is equal to one naval 

mile, or 1,852 meters. 

 

 
Figure 36: Latitude/longitude grid. (Basemap: ESRI). 
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German Quadrantkarte 

The German Kriegsmarine (Navy) used the so-called Quadrantkarte as an aid to note naval locations. The grid square 

(Quadranten) measured 6x6 naval miles and were determined with a geographic formula. REASeuro digitized the 

German grid in the GIS system to accurately establish the relevant grid squares for the area of analysis. 

 

 
Figure 37: German grid squares relevant for the area of analysis. (Source base map: ESRI). 

 

  



 

   

 

 

 

 

 

 

 

   

74133/RO-210078 version 1.0 

(final) 

                   UXO Desktop Study & Risk Assessment 

                 Princess Elisabeth Zone 

                   Page 147 / 154 

 

 

Flanders Marine Institute 

The Flanders Marine Institute – Vlaams Instituut voor de Zee (VLIZ) is assembles and reinforces scientific knowledge and 

marine research. Marine information and knowledge is also shared through the Coastal Portal and Compendium, 

initiatives to which the Flemish Marine Institute contributes. Next to the marine scientific information, the Flanders 

Marine Institute provides (historical) naval charts. The figure below gives an example of the chart of 1980. 

 

 
Figure 38: Detail of a naval chart of 1980. (Source: Flanders Marine Institute). 

 

Coastal Portal 

The Coastal Portal – Kustportaal – provides access to information and data products on user functions and monitoring 

activities in the Belgian part of the North Sea and the coastal zone, including beaches, dunes and polders. The portal 

offers the possibility to display both static and interactive data products and maps. For this desktop study the 

information about wrecks34 (version 2018) is used. According to the below figure some wrecks (grey dots) are present 

within the Princess Elisabeth Zone. Not one of these wrecks is ratified as a ‘protected wreck’ (coloured dots), what could 

involve restrictions for fishing, dredging, and other possible intrusive activities. 

 

 
34 Access: http://www.kustportaal.be/nl/maritiem-erfgoed-en-archeologie (consulted 25 March 2021, 9.45). 

http://www.kustportaal.be/nl/maritiem-erfgoed-en-archeologie
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Figure 39: Wrecks in the Belgian North Sea Zone. (Source: Coastal Portal) 

 

The wreck information is also made available through a WFS server, thereby the data can be used in the GIS system. 

Furthermore, the attribute table contains specific information that gives a lead for further investigation. The below 

figure shows in detail the wrecks within the area of analysis. The table gives an overview of the wrecks (and additional 

information). 
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Figure 40: Wrecks within the area of analysis. 

 

No. Ship name Category Nation Latitude Longitude 

1 Birkenfels MV Cargo ship – bulk carrier Germany 51,64983333 2,537833333 

 

2. S-87 War ship – fast boat Germany 51,52795 2,54 

 

3. ZZ B 130/225 Unknown Unknown 51,50916667 2,423116667 

 

4. Suzanna Cargo ship Belgium 51,50305 2,416816667 

 

5. Sint Annaland SS Cargo ship – bulk carrier Netherlands 51,46471667 2,484833333 

 

6. UB III class – Fairy 

Bank 

War ship - submarine Germany 51,44658333 2,333166667 

 

7. S-boat? War ship Germany 51,41548333 2,4405 

 

8. S-192 War ship – fast boat Germany 51,41291667 2,4785 

 

Table 43: Wreck information derived from the Coastal Portal. 

 

Compendium Coast & Sea35 

 
35 Access: http://www.compendiumkustenzee.be/nl/militair-gebruik (consulted 25 March 2021, 11.38). 

http://www.compendiumkustenzee.be/nl/militair-gebruik
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The Compendium Coast & Sea – Compendium Kust & Zee – is an initiative of the Flemish Marine Institute (see also 

above). The Compendium offers a map indicating military exercise zones, see the figure below. The area of analysis 

partially overlaps with the military zone for shooting exercises on floating objects (2015). As is indicated in the 

corresponding legend (see Figure 42), a new military zone for shooting exercises on floating objects is developed in the 

Marine Spatial Plan 2020-202636. The new zone has only a slight overlap with the area of analyse. 

 

 
Figure 41: Extract from the map Military Use – Militair gebruik. (Source: Compendium Coast & Sea). 

 

 
Figure 42: Legend belonging to the map Military Use – Militair gebruik, see also Figure 41. (Source: Compendium Coast 

& Sea). 

 

  

 
36 Access: https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf (consulted 25 March 2021, 12.16). 

https://odnature.naturalsciences.be/downloads/marine-atlas/2020_msp_brochure_en.pdf
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Flemish Agency Marine Services & Coast 

The Flemish Agency Marine Services & Coast – Vlaams Agentschap Maritieme Dienstverlening & Kust – provides 

information about the bathymetry and also about ship wrecks. The bathymetry is shown in Figure 43, the wreck 

database contains the same information as provided by the Coastal Portal (see also above). 

 

 
Figure 43: Bathymetry. (Source: Flemish Agency Marine Services & Coast). 

 

UK Hydrographic Office (UKHO) 

The UK Hydrographic Office maintains a large collection of historical nautical charts, including a collection of mine 

charts. These mine charts have been consulted, resulting in a map with known active minefields and German convoy 

routes at the moment of drawing. The map is a secret reproduction of a German map, obtained through intelligence 

work. 
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Figure 44: Mine chart OCB MF 01 Dunkerque to Hook of Holland 1943. (Source: UKHO). 

 

Library of Congress 

The United States Library of Congress holds two maps referring to war-related events during the First World War. A 

map of known minefields on 18 August 1918 shows a large British minefield, see Figure 45. Another map shows – 

pinpointed with orange dots – locations where German submarines sunk other ships. A few dots are pointed around 

the area of analysis. 
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Figure 45: British Islands. Approximate position of minefields, 19th August 1918. (Source: Library of Congress). 
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ANNEX 7 INFORMATION BELGIAN MINISTRY OF DEFENCE 

 

The client provided REASeuro with the information on naval mines, supplied by the Belgian Ministry of Defence. This 

information includes: 

 

• The theoretical position of German minefield (World War Two), the type of mines (including mass and 

measurements), and the amount of placed mines. 

• The theoretical position of British minefields (World War One, World War Two). 

 

These are supplied as a shapefile (.shp). When uploaded in GIS, the following results is shown: 

 

 
Figure 46: Information on World War One and World War Two minefields, supplied by the Belgian Ministry of Defence. 

 

When comparing the information of the Belgian Defence to the information REASeuro derived from primary archival 

sources, all the World War Two minefields are accounted for (see also Annex 4). Regarding the World War One 

minefields, additional research for (secondary and open) sources is conducted. 
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