
 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

I 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Draft v0.018 

 

HELCOM Thematic Assessment on Hazardous Submerged Objects in 

the Baltic Sea (Submerged Assessment), Volume 1 

Warfare Materials in the Baltic Sea 
 

 

 

 

 

 

 

 

 

 

 

 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

II 

 

 

 

HELCOM Submerged 

 

Co-chairs: 

SUBMERGED ï Munitions: Jens Sternheim (Ministry of Energy, Agriculture, the Environment 

and Rural Areas of the Land of Schleswig-Holstein (MELUND SH)) 

SUBMERGED ï Wrecks: Jorma Rytkönen (Finnish Environment Institute (SYKE)) 

 

HELCOM Secretariat: 

Markus Helavuori



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

I 

 

Content 

List of Figures ...................................................................................................................... VII 

List of Tables ...................................................................................................................... VIII 

Executive Summary ............................................................................................................. IX 

1. Introduction .................................................................................................................... 1 

1.1 The Warfare Materials Threat in the Baltic Sea ....................................................... 1 

1.2 Introduction to HELCOM SUBMERGED .................................................................. 2 

1.3 Objective of the Report ............................................................................................ 2 

1.4 Scope of the Report ................................................................................................ 2 

 Limitations ........................................................................................................ 2 

2. Warfare Materials ï State of Knowledge ........................................................................ 3 

2.1 Historic Overview .................................................................................................... 3 

2.2 Modes of Entry ........................................................................................................ 5 

2.3 Geographic Distribution ........................................................................................... 7 

 Dumping Sites .................................................................................................. 7 

 Confirmed Contaminated Areas ....................................................................... 9 

 Suspected Areas .............................................................................................. 9 

 Relocation of Objects ......................................................................................10 

2.3.4.1 Current-induced mobilisation ....................................................................10 

2.3.4.2 Wave-induce mobilization ........................................................................10 

2.3.4.3 Human modes of relocation......................................................................12 

 Burial of Objects ..............................................................................................13 

2.4 Properties of Warfare Materials ..............................................................................15 

 Types of Warfare Materials .............................................................................15 

2.4.1.1 Conventional Explosive ............................................................................15 

2.4.1.1.1 Bombs...................................................................................................15 

2.4.1.1.2 Mines ....................................................................................................17 

2.4.1.1.3 Rockets .................................................................................................21 

2.4.1.1.4 Torpedoes .............................................................................................23 

2.4.1.1.5 Depth Charges ......................................................................................24 

2.4.1.1.6 Antisubmarine Rockets .........................................................................24 

2.4.1.1.7 Artillery Shells .......................................................................................25 

2.4.1.2 Conventional Incendiary ...........................................................................26 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

II 

 

2.4.1.3 Chemical ..................................................................................................27 

 Munition Compounds ......................................................................................27 

2.4.2.1 Explosives ................................................................................................29 

2.4.2.1.1 Primary explosives ................................................................................31 

2.4.2.1.2 Payload explosives ...............................................................................32 

2.4.2.2 Propellants ...............................................................................................34 

2.4.2.3 CWA ........................................................................................................36 

2.4.2.4 Other Materials.........................................................................................36 

3. Warfare Materials ï Effects and Risks ...........................................................................38 

3.1 Known and Potential Effects ...................................................................................38 

 Detonation .......................................................................................................38 

 Warfare Materials Housings Corrosion ............................................................40 

 Dissolution and Release of Munition Chemicals ..............................................41 

 Contamination .................................................................................................42 

3.1.4.1 Sea Water ................................................................................................42 

3.1.4.2 Sea Floor and Sediment ...........................................................................43 

3.1.4.3 Beaches ...................................................................................................44 

3.2 Risks to Humans ....................................................................................................45 

 Fishermen .......................................................................................................45 

 Offshore Construction and Maintenance Workers ...........................................46 

 Nautical Personnel ..........................................................................................47 

 Harbour Staff and Workers ..............................................................................47 

 Recreational Divers .........................................................................................48 

 Beach Visitors .................................................................................................49 

 Seafood Consumers........................................................................................50 

 Munitions Clearance Service Providers ...........................................................51 

3.3 Risk to Infrastructure ..............................................................................................52 

 Pipelines and Cables .......................................................................................52 

 Offshore Buildings and Platforms ....................................................................52 

3.3.14.1 Offshore Wind Farms ...............................................................................52 

3.3.14.2 Drilling Rigs ..............................................................................................52 

 Harbours .........................................................................................................53 

3.4 Risks to Marine Life ................................................................................................53 

 Marine Mammals .............................................................................................55 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

III 

 

 Water birds ......................................................................................................56 

 Fish .................................................................................................................57 

 Blue Mussels ...................................................................................................58 

 Other Marine Life ............................................................................................59 

4. Warfare Materials ï Methods for Management ..............................................................61 

4.1 Historic Reconstruction ..........................................................................................61 

4.2 Quality Management in Offshore EOD ...................................................................62 

4.3 Modes of Detection ................................................................................................64 

 Geophysical Methods ......................................................................................65 

4.3.1.1 Magnetic Methods ....................................................................................66 

4.3.1.2 Electromagnetic Methods .........................................................................67 

 Hydroacoustic Methods ...................................................................................68 

4.3.2.1 Side-Scan Sonar ......................................................................................68 

4.3.2.2 Synthetic Aperture Sonar .........................................................................70 

4.3.2.3 Multibeam Echosounders .........................................................................70 

4.3.2.4 Sub-bottom Profiler ..................................................................................71 

 Optical Methods ..............................................................................................73 

 Chemical Analysis Methods ............................................................................75 

 Bioindicators and Biomarkers ..........................................................................76 

4.4 Modes of Clearance ...............................................................................................78 

 High Order Detonation ....................................................................................78 

 Low Order Detonation .....................................................................................79 

 Deflagration .....................................................................................................79 

 Impact Mitigation .............................................................................................80 

4.4.4.1 Detonation Risk Assessment and Mitigation Strategy...............................82 

4.4.4.2 Technical Mitigation Measures .................................................................84 

4.4.4.3 Scaring Devices .......................................................................................86 

 Salvaging ........................................................................................................87 

4.4.5.1 Extraction by Dredging .............................................................................87 

4.4.5.2 Extraction by Electromagnets ...................................................................88 

 Transport .........................................................................................................88 

4.5 Other Tools ............................................................................................................89 

 Monitoring .......................................................................................................89 

 Biomonitoring ..................................................................................................90 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

IV 

 

4.6 Case studies ..........................................................................................................92 

 Case study 1: Kriegers Flak Offshore Wind Farm ............................................92 

4.6.3.1 Project background ..................................................................................92 

4.6.3.2 UXO Risk mitigation .................................................................................92 

4.6.3.3 Discussion ................................................................................................93 

4.6.3.4 Recommendations ...................................................................................93 

 Case study 2 ...................................................................................................94 

4.6.4.1 Introduction ..............................................................................................94 

4.6.4.2 Water depths ............................................................................................94 

4.6.4.3 Boulder fields ...........................................................................................95 

4.6.4.4 UXO .........................................................................................................96 

4.6.4.5 Suspected chemical agents......................................................................96 

4.6.4.6 Recommendations ...................................................................................96 

5. National and International Efforts and Activities .............................................................98 

5.1 United Nations ........................................................................................................98 

5.2 NATO .....................................................................................................................98 

5.3 European Union .....................................................................................................98 

 Authorities and Legal Situation ........................................................................99 

 Ongoing Management Activities ......................................................................99 

 Other Ongoing Activities ..................................................................................99 

 Current Projects ............................................................................................ 100 

 Past Projects and Activities ........................................................................... 100 

5.4 Russian Federation .............................................................................................. 101 

5.5 Denmark .............................................................................................................. 101 

5.5.5.1 Authorities and Legal Situation ............................................................... 101 

5.5.5.2 Ongoing Management Activities ............................................................. 102 

5.5.5.3 Other Ongoing Activities ......................................................................... 103 

5.5.5.4 Past Projects and Activities .................................................................... 103 

5.6 Estonia ................................................................................................................. 103 

5.6.5.1 Authorities and Legal Situation ............................................................... 103 

5.6.5.2 Ongoing Management Activities ............................................................. 104 

5.6.5.3 Past Projects and Activities .................................................................... 105 

5.7 Finland ................................................................................................................. 105 

5.7.5.1 Authorities and Legal Situation ............................................................... 105 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

V 

 

5.7.5.2 Current Projects ..................................................................................... 106 

5.7.5.3 Past Projects and Activities .................................................................... 106 

5.8 Germany .............................................................................................................. 107 

5.8.5.1 Authorities and Legal Situation ............................................................... 107 

5.8.5.2 Ongoing Management Activities ............................................................. 112 

5.8.5.3 Other Ongoing Activities ......................................................................... 112 

5.8.5.4 Current Projects ..................................................................................... 114 

5.8.5.5 Past Projects and Activities .................................................................... 116 

5.9 Latvia ................................................................................................................... 118 

5.9.5.1 Authorities and Legal Situation ............................................................... 118 

5.9.5.2 Ongoing Management Activities ............................................................. 118 

5.9.5.3 Other Ongoing Activities ......................................................................... 118 

5.9.5.4 Current Projects ..................................................................................... 118 

5.9.5.5 Past Projects and Activities .................................................................... 118 

5.10 Lithuania .............................................................................................................. 119 

5.10.5.1 Authorities and Legal Situation ............................................................... 119 

5.10.5.2 Current Projects ..................................................................................... 120 

5.10.5.3 Past Projects and Activities .................................................................... 120 

5.11 Poland .................................................................................................................. 122 

5.11.5.1 Authorities and Legal Situation ............................................................... 122 

5.11.5.2 Ongoing Management Activities ............................................................. 123 

5.11.5.3 Other Ongoing Activities ......................................................................... 124 

5.11.5.4 Current Projects ..................................................................................... 124 

5.11.5.5 Past Projects and Activities .................................................................... 124 

5.12 Sweden ................................................................................................................ 124 

5.12.5.1 Authorities and Legal Situation ............................................................... 124 

5.12.5.2 Ongoing Management Activities ............................................................. 125 

5.12.5.3 Current Projects ..................................................................................... 126 

5.12.5.4 Past Projects and Activities .................................................................... 126 

6. Recommendations ...................................................................................................... 127 

6.1 International Ammunition Cadastre ...................................................................... 127 

6.2 Archive Work ........................................................................................................ 128 

6.3 Marine Spatial Planning ....................................................................................... 128 

6.4 Consumer protection ............................................................................................ 128 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

VI 

 

6.5 Harmonizing Definitions ....................................................................................... 128 

6.6 European Quality Initiative .................................................................................... 128 

6.7 Harmonizing UXO Risk Management ................................................................... 129 

6.8 Management Options ........................................................................................... 129 

6.9 Monitoring Programme ......................................................................................... 130 

6.10 Identification of Areas of Concern ......................................................................... 130 

6.11 Define BEP .......................................................................................................... 130 

  



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

VII 

 

List of Figures 

Figure 1:Bombs ....................................................................................................................16 

Figure 2: Deployment principle of moored mines ..................................................................18 

Figure 3: Ground mine ..........................................................................................................19 

Figure 4: Mine with pendulum system ..................................................................................20 

Figure 5: Pendulum System .................................................................................................20 

Figure 6: V1 ..........................................................................................................................21 

Figure 7: Wasserfall .............................................................................................................22 

Figure 8: 28 cm Rocket launcher rocket ...............................................................................22 

Figure 9: Depth charge .........................................................................................................24 

Figure 10: Explosive materials classification (Zukas und Walters 1998) ...............................31 

Figure 11: Schematic diagram of electric initiator type Smith-Gardiner (left) and booster charge 

(right) (Cooper 1996, Suĺeska 1995) ....................................................................................32 

Figure 12 Pressure signal over time of a mine detonation (Quelle: dosits.org). ....................39 

Figure 13: Mine clearance of RAF mines ..............................................................................62 

Figure 14: MBES principle of work. .......................................................................................71 

Figure 15 Double bubble curtain as a protective measure against impulsive construction noise 

at offshore windfarm ñVeja Mateò (É Hydrotechnik Lübeck GmbH). ......................................85 

Figure 16: Comparison of anomalies based on MAG (left) and TDEM (right) .......................95 

Figure 16: Open Spirit 2018 LMB Mine ............................................................................... 119 

  



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

VIII 

 

List of Tables 

Table 1: Main characteristics of the two reaction types of explosives ...................................30 

Table 2: Classification according to UN Recommendations ..................................................31 

Table 3: Common Primary explosives according to (Köhler et al. 2008) ...............................32 

Table 4: Explosives and components included in different formulations (Köhler, Meyer, & 

Homburg, 2008) ...................................................................................................................33 

Table 5: Secondary explosives with characteristic values (Venugopalan 2015) . ..................34 

Table 6 Detonation velocities of various explosives ..............................................................38 

Table 7: Summary of available mitigation methods for reducing the impact of underwater 

detonations on marine animals .............................................................................................81 

Table 8: Responsible and supporting public bodies of Germany ........................................ 107 

Table 9: German coastal federal states and state EOD services ........................................ 109 

Table 10: German coastal regions and responsible bodies by state ................................... 110 

Table 11: German activities and projects and their field of application in the issue of warfare 

materials in the Baltic ......................................................................................................... 112 

  



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

IX 

 

Executive Summary 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

1 

 

1. Introduction 

1.1 The Warfare Materials Threat in the Baltic Sea 

Contemporary societyôs perception of the horrors of past wars is almost exclusively driven by 

historic sources such as film recordings, photographs and written documents that are 

presented in mass media. However, the legacy of these wars is ever-present all throughout 

European land and waters, including the Baltic Sea. 

When an aerial bomb explodes after lying dormant underground for decades, injuring and 

killing people or when white phosphorus from an incendiary bomb is washed ashore, burning 

the skin of vacationers searching the beach for amber, the wars of the past claim additional 

victims more than 70 years past their conclusion. The tragedy of such events is unspeakable 

and ultimately originates in the battles of the previous century and irresponsible disposal 

methods that were applied once the guns fell silent. The environmental damage caused by 

these munitions with are less obvious than the direct impact on humans, but they are 

nonetheless concerning. Still, our knowledge of the scale of munitions related contamination 

and ecosystem consequences remains incomplete. 

Marine waters of every single abutter to the Baltic Sea contain warfare materials. Threats 

resulting from warfare materials may be direct and short-term. Among others, fishermen, 

divers, offshore wind farm constructors and beachgoers are affected and face the munitions 

hazard, merely while performing their daily work or while collecting objects in the surf. Every 

year people are severely injured after unintentionally getting in contact with warfare materials. 

Other threats are indirect and long-term such as the enrichment of carcinogenic toxic 

substances and their derivatives in the food web. The latter must be especially emphasized, 

due to the unknown scope of the effects and its potential effects on the whole ecosystem. 

If these are not enough reasons to act, it should be understood, that detecting these munitions 

becomes increasingly difficult with time passing. Corrosion continuously dissolves the warfare 

materialsô metal casing and consequently eliminates the chance to find and remediate these 

sources of risk and contamination. 

Initially driven by scientific institutes and organizations (both governmental and non-

governmental) in the most affected countries, relevant measures were undertaken in each 

HELCOM member state to support expanding the knowledge base concerning munitions and 

their effects on humans and the marine environment. As a result of regional, national and 

international scientific research relevant knowledge increases and consequentially numerous 

recommendations, on how the munitions challenge can be addressed, are published. 

However, international coordination is necessary or inadvertent duplication of efforts, thereby 

wasting time and money, or failure to identify obvious synergies, will be unavoidable. An 

integral part of coordinating those efforts is a centralized ammunition cadastre including results 

of previously conducted and ongoing research, management and analysis options for historic 

data from archives as well as risk determination and monitoring tools. Coordinated efforts by 

all affected countries are going to provide decision makers with the ability to deal with all 

aspects of warfare materials in the offshore environment, covering the identification of 

munitions, monitoring of dump sites and ultimately the elimination of the threats in a systematic 

manner. 

The global ocean economy is predicted to double in size by 2030, as compared to 2010, 

thereby reaching an annual gross value added of USD 3 trillion and providing more than 40 
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million full time equivalents to the global labour market (OECD 2016). The ocean economyôs 

potential to outperform the expected growth of the overall global economy is reflected in the 

Blue Growth Strategy laid out by the European Commission. In this strategy the economic 

potential for the extended economic use of the oceans was recognized and focus was placed 

on five blue growth sectors. Two of these sectors (ocean energy and seabed resources) 

require the capacity to safely access large areas of the sea floor (European Commission 2017). 

For sea floor utilization of this magnitude, UXO constitute a hazard and an obstacle 

(Bundesministerium für Wirtschaft und Energie 2017). Due to the variety of modes of entry of 

UXO into the sea over a timeframe of more than 140 years, ensuring a site is UXO free is not 

possible in many areas, without conducting an appropriate investigation in prior. In order to 

utilize the economic potential of the ocean energy and seabed resources sectors, an increase 

in UXO detection and removal action in affected areas will become necessary. Accordingly, 

the market for these services can be expected to grow and attract new actors. 

1.2 Introduction to HELCOM SUBMERGED 

The HELCOM Expert Group on Environmental Risks of Hazardous Submerged Objects 

(SUBMERGED) works to compile and assess information about all kinds of hazardous objects 

and assess the associated risks. 

Č Relation to 2013 report (here one recommendation is that conventional munition should 

be investigated) 

1.3 Objective of the Report 

 

1.4 Scope of the Report 

 Limitations 
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2. Warfare Materials ï State of Knowledge 

 

2.1 Historic Overview 

The military occupation and reconstruction of Germany after WWII were negotiated in Potsdam 

in 1945 by Joseph Stalin, Leader of the Soviet Union, Harry Truman, President of the United 

States of America and Clement Attlee, Prime Minister of the United Kingdom. Even though 

there were numerous disagreements, the three leaders agreed on the disarmament and 

demilitarisation of Germany. In the resulting Potsdam agreement, the parties made terms that 

"The complete disarmament and demilitarization of Germany and the elimination or control of 

all German industry that could be used for military production" should be achieved and that "All 

arms, ammunition and implements of war and all specialized facilities for their production shall 

be held at the disposal of the Allies or destroyed. The maintenance and production of all aircraft 

and all arms, ammunition and implements of war shall be prevented.ò 

With Germany divided into four zones (American, British, French and Soviet), the parties were 

individually responsible for tending to any chemical weapons (CW), chemical warfare agents 

(CWA) and production facilities within their respective areas of oversight, either by adding them 

to their own arsenals or by destroying them by any means they found to be suitable. This was 

primarily done by submerging them in oceans and seas. 

The Baltic Sea is an inland sea with a long coastline proportionally to its area. Due to this fact 

the Baltic Sea is of immense strategic importance to its neighbouring countries, especially 

regarding trade and military campaigns.  

Numerous wars have been fought over territories adjacent to the Baltic Sea. Those conflicts 

normally had a naval warfare component. Because of the rare use of gunpowder-based 

ordnance, the wars of medieval and early modern times are of limited interest to the scope of 

this report.  

The first war in the Baltic Sea utilizing modern explosives (TNT) was the First World War (1914 

ï 1918). At the dawn of this war four countries were adjacent to the Baltic Sea namely 

Denmark, Germany, Russia and Sweden. Of those Denmark and Sweden remained neutral 

during the conflict. While Germany and Russia were at war the active warfare was limited to 

operations on a smaller scale without the commitment of the main battle fleets. Because of its 

shallow bathymetry the Baltic Sea was an ideal area for military operations using light vessels, 

submarines and minefields. Both opponents laid numerous minefields in order to close certain 

sea areas, sea lanes or ports to their adversary or to defend their own ports. But the use of 

sea mines was not limited to the parties at war. Neutral Denmark laid extensive minefields in 

the Belts and the Sound in order to deny their use to all warring parties. This action arguably 

helped Germany because it guarded their flank against an intervention of the Royal Navy in 

the Baltic Sea. Germany was still able to transfer ships of their main battle fleet between the 

seas using the Kiel Canal and thus keep the battlefleet element of the Russian Baltic Fleet in 

check. (Jentzsch, 2018) 

As a result of the First World War some territories of the warring parties became autonomous 

nations. Neighbouring countries of the Baltic Sea now were Denmark, Estonia, Finland, 

Germany, Latvia, Lithuania, Poland, Russia, Sweden and the Free City of Danzig. 
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Following the rise of the Nazi Party in Germany since 1933, the Second World War (WWII) 

began with the German invasion of Poland on 1. September 1939. Having signed the Molotov-

Ribbentrop Pact the relations between Germany and the Soviet Union remained neutral. After 

the defeat of Poland Germany had, for the moment, no enemies adjacent to the Baltic Sea. 

The southern exits of the Great Belt and the Sound had been mined by Germany in early 

September 1939 (Zentrum für Militärgeschichte und Sozialwissenschaften der Bundeswehr, 

1988). On 30. November 1939 the Soviet invasion of Finland marked the start of the Finnish 

Winter War which lasted about three and a half months and comprised almost no naval 

warfare. In 1940 Germany invaded neutral Denmark and Norway during Operation 

Weserübung. With Denmark and Norway occupied all maritime approaches to the Baltic Sea 

were was controlled by Germany. The same year brought the annexation of the Baltic states 

Estonia, Latvia and Lithuania by the Soviet Union thus increasing the strategic flexibility of the 

Soviet Baltic Fleet. With Operation Barbarossa Germany invaded the Soviet Union on 22. June 

1941. After the quick fall of the Baltic states and extensive mine laying operations by the 

German Navy in the Gulf of Finland, the Soviet Baltic Fleet was trapped in Leningrad until 

summer 1944. For that time Allied warfare in the Baltic Sea was mostly limited to aerial 

operations, e.g. air-deployed mine laying which was conducted by the RAF since May 1940 

(Middlebrook & Everitt, 2000). The German Navy used the Baltic Sea primarily as a training 

area. When the German Army was pushed back from the eastern occupied territories by the 

Red Army in summer 1944, Soviet naval and aerial activity in the Baltic Sea increased. Losing 

the war on all fronts Germany capitulated on 8. May 1945. 

The military occupation and reconstruction of Germany after WWII were negotiated in Potsdam 

in 1945 by Joseph Stalin, Leader of the Soviet Union, Harry Truman, President of the United 

States of America and Clement Attlee, Prime Minister of the United Kingdom. Even though 

there were numerous disagreements, the three leaders agreed on the disarmament and 

demilitarisation of Germany. In the resulting Potsdam Agreement, the parties made terms that 

"The complete disarmament and demilitarization of Germany and the elimination or control of 

all German industry that could be used for military production" (United States, 1950) should be 

achieved and that "All arms, ammunition and implements of war and all specialized facilities 

for their production shall be held at the disposal of the Allies or destroyed. The maintenance 

and production of all aircraft and all arms, ammunition and implements of war shall be 

prevented.ò (United States, 1950) 

With Germany divided into four occupation zones (American, British, French and Soviet), the 

parties were individually responsible for handling the leftover ordnance including chemical 

weapons (CW), chemical warfare agents (CWA) and production facilities within their respective 

areas, either by adding them to their own arsenals or by rendering them unusable. This was 

primarily done by dumping the ordnance in oceans and seas, resulting in an estimated amount 

of 300,000 tons of dumped explosive ordnance, including approx. 5,000 tons of CW and CWA, 

rusting in the German EEZ of the Baltic Sea (Böttcher et al., 2011). Overall more than 40,000 

tons of CW and CWA are believed to be dumped in the Baltic Sea (HELCOM, 2013). 

The Second World War was the last war fought in the Baltic Sea. The two main power blocks, 

the North Atlantic Treaty Organization (NATO) and the Treaty of Friendship, Cooperation and 

Mutual Assistance (Warsaw Pact), participated in the Cold War which saw no shots fired in 

anger at least officially. With the collapse of the Soviet Union in 1991 the Warsaw Pact ceased 

to exist. The NATO as military organization and the European Union (EU) as political 

organization expanded eastwards peacefully. Nowadays, most of the former members of the 
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Warsaw Pact neighbouring the Baltic Sea are members of the NATO and the EU. A certain 

amount of tension comes up between the NATO and the Russian Federation from time to time, 

so far not exceeding some moderate show of force. 

2.2 Modes of Entry 

During the world wars the Baltic Sea was an area of intense battles. Due to the strategic 

importance of the Baltic innumerable combat actions of great variety took place, all of which 

caused entry of munitions into the marine environment. These range from naval battle between 

war ships, submarine torpedo attacks, air raids, to complex mine laying operations. In addition, 

test sites for marine weapons and exercise shooting ranges were established. 

Immediately before and after the conclusion of WWII, the dumping of ammunition constituted 

an additional mode of entry of warfare materials into the Baltic. Dumping of munitions was 

carried out for a multitude of reasons. With the end of the war drawing closer, munitions were 

dumped by the German Armed Forces to remove hazardous munitions from areas subjected 

to imminent attacks, to prevent munitions from being seized by the advancing Allied troops and 

to demilitarize before the impending surrender. In the immediate post-war period, the Allies 

chose dumping at sea as modus operandi to conduct swift demilitarization and removal of 

warfare materials from German territory. The dumping activities that took place during the final 

stage of war and during the post-war period were conducted while being pressed for time, 

either by the attacking Allied forces or by agreed deadlines. In later years, dumping activities 

were considered an inexpensive and safe alternative to land-based disassembly and 

decontamination procedures. 

In addition to the conventional ammunition, chemical ammunition and CWA were dumped as 

well. At that time, it was believed that the vast amounts of water would neutralize the CWA. In 

contrast to the dumping operations in Skagerrak and Little Belt, where complete ships were 

sunk, the great majority of chemical munitions were dumped into the Baltic Sea in containers. 

For the purpose of this report the modes of explosive ordnance entry into the Baltic Sea can 

be roughly categorized in naval warfare, military training (including various ordnance test 

sitesites) and munitions dumping. 

Naval Warfare 

During both world wars the Baltic Sea was an area of conflict. Due to the strategic importance 

of the Baltic Sea, innumerable combat actions of great variety took place, all of them causing 

the entry of munitions explosive ordnance into the marine environment. These range from 

Naval engagement include: 

Å Naval battles between surface war ships using artillery and torpedoes 

Å Submarine torpedo attacks against military and civilian vessels using torpedoes and 

sometimes light artillery 

Å Anti-submarine warfare using depth charges deployed by naval vessel or aircraft, as well 

as artillery and bombs in a lesser degree, 

Å Air raids against military and civilian vessels as well as coastal installations using cannon 

armament, bombs, air-to-surface missiles and torpedoes 

Å Mine laying operations normally deploying moored and ground mines by surface vessel, 

submarine or aircraft.  

Å A rare type of naval engagement in the Baltic Sea was and coastal bombardment by 

surface warships using artillery (including counter fire from coastal artillery batteries)  

Commented [S4]: Add 1 sentence about use as 
training areas after WW II and that at least part of the 
munitions shot into the sea were unexploded.  
 
Check: This poses a threat when these munitions are 
dredged for beach replenishments. 

Commented [S5]: Ths is repeated below. Delete 
hereé 

Commented [S6]: Repetition of 1st para of this chapter 

Commented [S7]: Also repetetive (ñThese range from 
naval battle between war ships, submarine torpedo 
attacks, air raids, to complex mine laying operations. In 
addition, test sites for marine weapons and exercise 
shooting ranges were establishedò, but more detailed 
hereé 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

6 

 

to complex mine laying operations. All of those, except for coastal bombardment, were 

geographically widely spread and even some coastal artillery batteries had a range of more 

than 40 km depending on their calibre. 

Military Training 

In peacetime military live-fire training was and is conducted in training areas normally. Those 

training areas are bound to contain unexploded ordnance (UXO). Training with non-explosive 

training ordnance can lead to misidentification in geophysical UXO surveys. Furthermore, 

training ordnance can contain propellant or residues thereof, depending on the ordnance type, 

which can present an environmental hazard. The training areas used today are bound to be 

known in their geographical borders to ensure the safety of civilian shipping, but the most of 

the ordnance used in the training areas is subject to military secrecy.can be subject to military 

secrecy. The number of projectiles shot at sea in two German training areas has been specified 

for years 2009 to 2012 as 52 000 projectiles with a total weight of 28 metric tonnes. The 

percentage of unexploded ordnance of those is given as 1 to 3 % with a total weight of up to 

790 kg (German Bundestag 2012). 

In wartimes military training usually was not restricted to dedicated training areas but was 

conducted wherever possible, except for civilian shipping lanes of their own warring party. 

During the Second World War the German Navy used large parts of the Baltic Sea, which was 

a relatively secure from allied attacks most of the time, as a training area. In principle all of the 

modes of entry mentioned in the naval warfare subchapter are also applicable to military 

training in times of war. 

In addition, test sites and firing ranges for weapon prototypes were established, e.g. at 

Peenemunde. Tests included air dropped weapons therefore the ordnance is not limited to 

coastal waters. Weapon prototypes in later stages of development often contained an 

explosive charge. In rocket type weapon prototypes the propellant or their residues can be 

hazardous to the environment. 

Munitions Explosive Ordnance Dumping 

Immediately before and after the conclusion of WWII, the dumping of ammunition ordnance 

constituted an additional mode of entry of warfare materials into the Baltic Sea. Dumping of 

munitions was carried out for a multitude of reasons. With the end of the war drawing closer, 

munitions were dumped by the German Wehrmacht (armed forces) to remove hazardous 

munitions from areas subjected to imminent attacks, to prevent munitions from being seized 

by the advancing Allied troops and to demilitarize before the impending surrender. In the 

immediate post-war period, the Allies chose dumping at sea as modus operandi to conduct 

swift demilitarization and removal of warfare materials from German territory. The dumping 

activities that took place during the final stage of war and during the post-war period were 

conducted while being pressed for time, either by the attacking Allied forces or by agreed 

deadlines. In later years, dumping activities were considered an inexpensive and safe 

alternative to land-based disassembly and decontamination procedures. It is well known today 

that civilian contractors hired for the dumping often dumped explosive ordnance early on the 

way to the assigned dumping area to save time (Böttcher et al., 2011). 

In addition to the conventional ammunition, chemical ammunition and CWA were dumped as 

well. At the time it was believed that the vast amounts of water would neutralize the CWA. In 

contrast to the dumping operations in the Skagerrak and the Little Belt, where complete ships 

Commented [FITH8]: Should be revisited. Is this a 
bullet point or clear text that requires rewording 

Commented [S9]: German Bundestag (2012): Antwort 

der Bundesregierung 

auf die Kleine Anfrage der Abgeordneten Sabine Stüber, 

Cornelia Möhring, Herbert Behrens, weiterer Abgeordneter 

und der Fraktion DIE LINKE. 

ï Drucksache 17/10620 ï 

Munition in Nord- und Ostsee. Bundestagsdrucksache 

17/10795 of 26 September 2012. 26 pp. 



 Warfare Materials in the Baltic Sea ï Model Chapter Germany 

7 

 

transporting CWA were sunk deliberately, the great majority of chemical munitions were 

dumped into the Baltic Sea in containers. 

2.3 Geographic Distribution 

The Baltic Sea is in overall a shallow body of water, but it includes some sea basins, such as 

the Bornholm Deep, the Gotland Deep and the Sea of Åland. The maximum depth can be 

found at Landsort deep in the Gotland Basin with 459 m, but the average depth of the Baltic 

Sea is 55 m. In the western Baltic Sea water depths between 20 m and 35 m are common but 

the depth increases further eastwards. The Baltic Sea is an inland sea with only three minor 

connections to the North Sea, the Øresund and the two Belts. In the western part the water 

has a salinity of 1.5 ï 1.7 %, while in the eastern part the value drops to 0.4 %. Salinity, 

temperature, oxygen levels have a major impact on present warfare materials. 

Throughout history, the Baltic Sea has on a constantly been the scene of wars, combat and 

ammunition dumping activities. Almost the entire Baltic Sea served at some point in time as 

an area of conflict or as an exercise area for the different fleets. The Gulf of Finland was a 

mining area during both WWI and WWII, with a high density of mines. With an unknown amount 

of other warfare materials added in the same region, it needs to be considered a problematic 

area. A similar situation exists in the Irbe Strait, the entrance to the Gulf of Riga. During both 

world wars, the western part of the Baltic Sea was subjected to heavy mining during the wars. 

After the conclusion of the wars, it was furthermore heavily used for the dumping of all kinds 

of warfare materials. In summary, former areas of conflict, dumping grounds and exercise 

areas are the current areas of concern. 

 Dumping Sites 

Germany 

After the conclusion of WWII, the allied forces captured an enormous amount of ammunitions 

and other warfare materials. Military organisations and scientist considered dumping the 

captured ammunition into the sea the best way for the disarmament of Germany immediately 

after the war. Nearly 1.6 million tons of ammunition of all kinds were dumped in the North Sea 

and the Baltic Sea in German waters. Some of these places are well known, others are only 

assumptions. 

Two examples for sites, where a high amount of ammunition was dumped, are Kolberger Heide 

and Pelzerhaken. For Kolberger Heide some reports indicate the presence of some 25,000 t 

of dumped ammunition, consisting mainly of mines, torpedoes and depth charges. The amount 

might be lower but is nonetheless concerning. In Pelzerhaken 50,000 t of mostly different types 

of bombs and artillery ammunition were dumped. Furthermore, a hull filled with blast furnace 

slag is located at the site. Accordingly, a combination of explosive and toxic substances is 

located on a small area. 

Chemical Warfare Agents in the entire Baltic Sea 

For CWA the areas of concern in the Baltic Sea are primarily the official dumpsites east of 

Bornholm and southeast of Gotland. In addition, vast amounts of chemical munitions were 

located in the Little Belt area as well as on the transport routes starting in Wolgast. Finally, 

there are unofficial sites of concern in the Gdansk Deep and the Slupsk Furrow. Types and 

amounts of dumped chemical munitions in the Baltic Sea vary by location. The Bornholm 

Basin, containing the largest part, holds over 90% of the chemical munitions dumped in the 

Baltic Sea. 
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The three different official dumping sites contain different types of CWA: the area of Little Belt 

contains approximately 5,000 tonnes of munitions (an estimated 750 tonnes of warfare agent) 

consisting primarily of Tabun, a nerve gas, while the Bornholm Basin and Gotland Deep 

primarily consist of mustard gas. 

Although the available data on the total amount of dumped chemical munitions contains some 

gaps, it still provides a much more extensive and detailed picture than currently possible for 

conventional munitions. According to reliable information the HELCOM Report Chemical 

Munitions dumped in the Baltic Sea states, that around 40,000 t of chemical munitions have 

been dumped in the Baltic Sea (Bornholm Basin, Gotland Basin, Little Belt, Flensburg Fjord; 

Bay of Gdansk?). Of these around 5,000 t lie to the south of the Little Belt between Germany 

and Denmark, in direct geographic proximity to the German inside Danish territorial waters 

close to German Exclusive Economic Zone (EEZ). 

Oceans and seas were believed to be a limitless and safe place to dispose the unused 

munitions until the London Convention in 1972. In 1945, right after the end of the World War II 

the worldwide stocks of chemical warfare agents (CWAs) reached about 500,000 metric tons. 

Problematic in safe storage and disposal (Pitten et al. 1999) the chemical warfare (CW) posed 

a high risk for human health on land. It is estimated that at that time up to 60 countries 

possessed chemical munitions, out of which 40 had chosen sea dumping as the quickest and 

efficient method of their disposal at that time (DEPA 2010). There are 127 documented 

chemical munitions dumpsites worldwide, however, it is estimated that their number exceeds 

300 (James Martin Center for Non-proliferation Studies, 2019). Numerous reports including 

Knobloch et al. (2013), Beğdowski et al. (2016a) and Greenberg et al. (2016) indicate that soon 

after the end of World War II, the Baltic Sea began to be used as a dumpsite for at least 40 

000 tons of chemical warfare agents (CWA). Little Belt, Bornholm and Gotland Deeps are 

recognized to be the most important, officially designated CWA dumpsite areas in the Baltic 

Sea. Post WW II sea-dumping operations of the German chemical arsenal were performed 

under the guidance of the Potsdam Conference, mainly by the Soviet army between 1945 and 

1948. The three different official dumping sites contain different types of CWA: the area of Little 

Belt contains approximately 5,000 tonnes of munitions (an estimated 750 tonnes of warfare 

agent) consisting primarily of Tabun, a nerve gas, while the Bornholm Basin and Gotland Deep 

primarily consist of mustard gas. The CW dumping area commonly referred to as the óprimary 

dumpsiteô, is located in the Bornholm Deep centred on a point with surface coordinates 

55Á20ôN, 15Á37ôE. Its northern part is currently marked on sea charts as ólarger explosives 

dumping groundô. At least 3,761 tons of Lewisite, Adamsite and Arsine Oil were sunk mainly 

in the Bornholm Deep and in the Gotland Deep (Makles and śliwakowski 1997). Less than a 

tone of Adamsite, had been additionally disposed in Bornholm Basin between 1952 and 1965 

by East Germany (Knobloch et al. 2013). Sea-dumping operations in the Gotland Deep took 

place between May and September 1947, when approximately 2,000 tons of CW materiel 

consisting of 1,000 tons of CWA were dumped. On the other hand, studies performed in 

CHEMSEA project confirmed the existence of an unofficial dumpsite in the GdaŒsk Deep 

(Beğdowski et al. 2016a). The suspicion about CWA presence in GdaŒsk Deep arose after two 

incidents, the first with a mustard gas bomb recovered by a fishing trawler and a second with 

similar bomb being washed ashore on the Hel Peninsula in 1954 (Szarejko and NamieŜnik 

2009). The CWA presence was finally verified by pore-water (Beğdowski et al. 2016a). The 

total volume of dumped conventional munitions in GdaŒsk Deep until 1954 was approx. 60 

tonnes, however, the load of CWA is still unknown (Knobloch et al. 2013). Although the loads 

of sea-dumped CWA are believed to pose a possible threat to the Baltic Sea ecosystem, there 
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is already an existing environmental degradation linked with nutrient overload that caused 

reduction of dissolved oxygen (DO) concentrations in bottom waters and creation of a ñbenthic 

desertsò below the halocline (Diaz and Rosenberg 2008). Water stagnation has negative 

impacts on marine ecosystems, especially in accumulation basins, since states of hypoxia and 

anoxia not only negatively influence organisms (Vaquer-Sunyer and Duarte 2008), but also 

their habitats (Conley et al. 2009). 

After the conclusion of WWII, the allied forces captured an enormous amount ammunitions 

and other warfare materials. Military organisations and scientist considered dumping the 

captured ammunition into the sea the best way for the disarmament of Germany immediately 

after the war. Nearly 1.6 million tons of ammunition of all kinds were dumped in the North Sea 

and the Baltic Sea in German waters. Some of these places are well known, others are only 

assumptions. 

 Confirmed Contaminated Areas 

In WW II, a lot of marine areas were used as training areas. Nearly the complete coastline of 

Mecklenburg-Vorpommern was used either as training ground for antiaircraft defence by guns 

and coastal artillery, as Luftwaffe training area for surface bombing or as testing area for 

torpedo development. The other nations established such areas in a similar manner. The 

coastlines of Latvia, including the bay Bay of Riga, Estonia and areas in Finland and Sweden 

were used as training areas. In all these areas exercise ammunition and dumped ammunition 

from the war time are present. 

Nearly the entire Gulf of Finland was a war zone and was and still is a training area. In WW I 

the Russian Forces established the Forward-, Central- and Kronstadt positions with artillery 

batteries and minefields, In WWII a close meshed net of minefields was laid in the same area. 

Named Seeigel, Nashorn, Corbeta, Apolda or Juminda minefield, nearly 100,000 mines were 

laid in both wars. Complemented by countless bombs, artillery shells and depth charges, the 

result was an extensive battlefield. 

Some exercise areas from WW II are still used as training areas by the abutting nations of the 

Baltic Sea today. In Germany the exercise areas Schönhagen and Putlos-Todendorf are used 

by German Navy, Air Force and Army. 

 Suspected Areas 

Besides these known dumpsites and confirmed contaminated areas, it is also assumed that 

stray single items of munitions lie scattering along the former transport routes, e.g. from the 

German loading port of Wolgast to the designated dumpsites in the Bornholm Basin. During 

the dumping activities, warfare materials were scattered in the vicinity of the designated 

dumping areas and well away from them on the transport routes due to the practice of en- 

route dumping. The wide distribution has its origins in the item-by-item basis, in which the 

majority of dumping activities in the Baltic Sea have been carried out. Consequently, warfare 

materials have been scattered in high density within or near the designated dumping areas - 

and in low density also outside of them. 

Vague information about additional dumping activities could not be verified to date. 

The ongoing relocation of objects makes the assignment of suspected areas a very challenging 

task. 
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 Relocation of Objects 

Human and natural modes of relocation of warfare materials differ in magnitude and type of 

force. Natural modes of relocation are mostly driven by currents and extreme weather events, 

however, only trawled fishing nets, dredgers or other large machinery moving along the seabed 

(e.g. for laying pipes or power lines) are recognized as being able to relocate large objects 

along the Baltic seafloor. 

2.3.4.1 Current-induced mobilisation 

The force required to move containers or heavy munitions over noteworthy distances cannot 

be applied by natural processes. It is known that objects on the sea floor get partially buried 

by scour, while cylindrical objects also tend to orientate with its cylinder axis normal to the 

mean incident velocity direction due to the Munk-Moment (Menzel, Witte, & Leder, 

Windkanalexperimente zur Bestimmung der Strömungsstrukturen um einen quer zur 

Anströmung auf einer Bodenplatte lagernden Zylinderabschnitt, 2012). Both orientation, and 

scour structure around such an object mean it has to be lifted or tilted to leave its position. 

Numerous approaches have been performed to model such forces. The moment induced by 

the fluid flow can be computed by summation of the moments on the surface of the whole 

object. Adding the loads on the object leads to an equation to derive the critical velocity for 

current-induced mobilisation. 

Within this the later used equation, the only unknown parameters are Á and Â, which have to 

be found experimentally. The complete derivation of this equation was published in (Menzel, 

Schütt, Wranik, Paschen, & Drews, 2018). The parameter Á and Â were derived from numerical 

simulations at several Reynolds numbers for realistic scale conditions. Corresponding wind-

tunnel experiments were carried out by means of small, geometrically affine models in a 

geometrical scale. A final fine calibration was done with the results from the laboratory 

experiments in large scale at HR Wallingford. 

2.3.4.2 Wave-induce mobilization 

Common wave theories used to describe oscillatory waves distinguish between shallow water, 

transitional water and deep-water waves. In deep water, the orbits of the water molecules are 

circular, whereas the radius decreases with increasing water depth and there is no interaction 

with the sea floor, meaning no significant influence of the waves on objects on the sea floor is 

expected. However, transitional waves (like e.g. tidal waves) will induce a force on the sea 

floor itself as well as on objects located on the sea floor. As the velocity close to the sea floor 

has to be solely parallel to the bottom, also the orbits above are elliptic. With increasing depths, 

the vertical velocity component of the elliptic orbits decreases faster than the horizontal velocity 

component. The horizontal velocity close to the sea floor is lower than the horizontal velocity 

at the surface. In contrast to this, the horizontal velocity component in shallow water waves is 

nearly constant and independent of the water depth. This way, the impact of the surface waves 

on objects on the sea floor or the sea floor itself achieves its maximum. 

Besides the current-induced scour, burial and mobilisation, the wave-induced actions are much 

more common in offshore regions. Even if the water depths are more than 

È τπ Í, the sediment and the objects may be influenced by waves as the wavelengths can 

be much longer than ʇ ψπ Í.  

The results are shown in Fig. 1. It has to be noted that typical wavelengths in the North Sea 

will be much smaller than ʇ ρππ Í with period times of 4 ψ Ó. The plot shows that the critical 
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wave height decreases with increasing wavelength. The results for the spherical buoyant 

mines show a special behaviour that easily can be explained by a resonance effect of the 

object. Due to its shape and weight, the maximum hydrodynamic lift and drag are of very similar 

value like the Froude-Krylov-Force and the added mass force and the resonance frequency of 

the object in the trough will be in the order of 10 seconds. Thus, the position of the object starts 

to oscillate within the scour trough with an increasing amplitude and then is damped again. 

 

Fig. 1: Critical wave heights and lengths at 26 m water depth and zb=0.5D. 

It also is obvious in Fig. 1 that the cylindrical shaped objects (British 120lb and 250lb General 

Purpose bomb) are less mobile in larger waves than the spherical objects (the buoyant mines). 

A comparison between the wave-induced mobility and the pure current-induced mobility is 

given in Fig. 2 for some exemplary objects. 
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Fig. 2: Comparison of the wave- and current-induced mobilisation. 

Although both plots in Fig. 2 show different axes, the mobility of the different objects due to 

current and waves respectively can be seen. For the wave-induced mobilisation, curves at 

lower wave heights imply a higher mobility of the individual object. For the current-induced 

mobilisation, lower Reynolds numbers imply lower incident velocities and thus a higher mobility 

of an object. In contrast to the wave-induced mobilisation, the spherical objects (yellow and 

green) are less mobile than the cylindrical objects (red and blue) under the influence of pure 

currents. The reason for this behaviour can be found in the ration between the cross-sectional 

area ! of the objects, projected to the currents, to the volume of the objects 6. The Froude-

Krylov-Force and the added mass force are related to the volume of the objects, whereas the 

hydrodynamic lift and drag are related to the cross-sectional area of the object. Since this ratio 

differs for both types of shapes, their behaviour changes significantly. It can be stated that the 

spherical objects with a low cross-sectional area to volume-ratio !6ϳ  are more sensitive to 

waves and the cylindrical objects with a higher cross-sectional area to volume ratio are more 

sensitive to constant currents. 

2.3.4.3 Human modes of relocation 

Warfare materials may get caught in a fishing netsnet gear and may be transported over long 

distances before being released. The highest potential for the relocation of warfare materials 

originates from bottom trawling, due to its direct high energy physical contact with large areas 

of the sea floor. DredgingSediment dDredging (e.g. for beach replenishment) has been 

reported to be a way of accidentally relocating warfare materials, even moving them ashore to 

beaches (Mollitor, XX). Due to its spatial limitation dredging plays a less significant role. The 

relocation of warfare materials by dredging and trawling occur unintentionally, most likely 

involving objects resting outside the dumpsites marked on navigational charts and without the 

crew even being aware of it. Furthermore, some purposeful relocation of warfare materials 

happens in order to keep waterways free or to enable the construction of offshore 

infrastructure. 
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 Burial of Objects 

The subsequent steps of burial of a cylindrical object on the sea floor due to a constant incident 

flow are shown in Fig. 3 , as published in (Menzel & Leder, Tankexperimente und numerische 

Simulationen zum wellen- und strömungsinduzierten Sedimenttransport im Umfeld 

minenähnlicher Objekte, 2013) and (Menzel & Leder, Versandung eines Zylinderabschnitts 

unter Einfluss von Oberflächenwellen im Laborversuch, 2015). 

 

Fig. 3: Model of burial of a cylindrical object in constant incident flow ( (Menzel & Leder, Versandung eines Zylinderabschnitts 

unter Einfluss von Oberflächenwellen im Laborversuch, 2015)). 

Corresponding to this, sediment is eroded in the region of the horseshoe vortex in front of the 

object. As soon as this scour trough increases and the supporting sediment collapses, the 

object abruptly rolls into the growing hole. This process can be repeated several times until an 

equilibrium state between erosion and accumulation is reached. In the wake of the cylinder, 

an accumulation area develops, which prevents the object from rolling in a downstream 

direction. The maximum burial depth was examined to be z/D = 0.8 with D being the diameter 

of the cylinder. 

The current induced scour and burial of cylindrical Objects on the sea floor has been 

investigated for model scale and was published in (Menzel, Rückborn, & Leder, Flow and scour 

around cylindrical objects in laboratory experiments, 2013), (Menzel, et al., 2014), (Menzel & 

Leder, Tankexperimente und numerische Simulationen zum wellen- und strömungsinduzierten 

Sedimenttransport im Umfeld minenähnlicher Objekte, Teil 2, 2014) and (Menzel & Leder, 

Versandung eines Zylinderabschnitts unter Einfluss von Oberflächenwellen im Laborversuch, 

2015). Fig. 4 shows the scour structure close to the cylindrical model. It shows the typical scour 

trough in front of the cylinder, scour around and under the ends and a small accumulation area 

in wake of the object. Due to the low incident velocity in the shown large scale experiment, the 

amount of suspended sediment is small, compared to the experiments, published in (Menzel 

& Leder, Tankexperimente und numerische Simulationen zum wellen- und 

strömungsinduzierten Sedimenttransport im Umfeld minenähnlicher Objekte, Teil 2, 2014). 

Thus, the accumulation is a bit smaller because it just can be filled by sediment that enters the 

recirculation area by overflowing the object and therewith depends on the amount of 

suspended material. 
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Fig. 4: Scour structure in the vicinity of the cylindrical model. 

To confirm that the scour and burial of realistic objects are quite similar to those of a simple 

cylinder as shown in Fig. 3, experiments in the water-channel have been operated for UXO 

models in small scale and in real scale. Regarding the results for the original scale model of a 

250lb General Purpose Bomb in Fig. 5, it is shown that this model can be transferred into 

original scale.  

 

Fig. 5: Scour structure in the vicinity of the 1:1 model of the British 250lb General Purpose Bomb. 

The burial process of mine-shaped objects by waves was published by (Inman & Jenkins, 

1996). In shallow water the scour in front and in the wake of a cylindrical object becomes nearly 

symmetric without an accumulation area. 
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2.4 Properties of Warfare Materials 

 Types of Warfare Materials 

Warfare material in the Baltic Sea can be divided into two major categories ï (1) conventional 

munition and (2) chemical munitions and warfare agents. Conventional munitions can be 

further distinguished into explosive, non-explosive and incendiary. In addition, munition 

components that were either dumped or separated due to deterioration may be found. Finally, 

ship and plane wrecks are located on the Baltic seafloor. The following chapters describe these 

categories of warfare materials. They are subdivided into the multitude of types and nations 

they were deployed by. 

2.4.1.1 Conventional Explosive 

2.4.1.1.1 Bombs 

Bombs are weapons, that are transported by an aircraft, then dropped from the aircraft on a 

target and finally detonate when they reach this target. In 1849, the first trials with bombs from 

balloons were started by the Austrian Army. In 1911, an Italian pilot dropped bombs by hand 

from an aircraft to the enemy ground structures. Bombs are streamlined metal 

cylindercylinders that are filled with an explosive charge and an ignition system. Different 

systems allow for the detonation of the bomb in a distance to the surface, on the surface or 

after impact. Professional construction and production started during WWI and the 

development of bombs is still ongoing. 

Germany 

The entirety of German airdropped bombs comprises of a cacophony of different types and 

sizes. The smallest bomb was the SD 0.5 with an explosive charge 0.031 kg. The biggest was 

the SA 4000 with a charge of 2700 kg explosive. Most deployed were the 50, 250, 500 and 

1000 kg bombs. The number corresponds to the total weight of the respective bomb, 40% to 

50% of which comprises the weight of the charge. Special constructions, such as armour 

piercing bombs PC-class have a total weight that is comparable to other bombs but contain a 

smaller charge of 10% to 20%. 

All of these bombs were used in the Gulf of Finland, the coasts of Estonia, Latvia and Lithuania, 

in Gdansk Bay and in the dumpinglater dumped in areas along the German coastline. Commented [S36]: They were not used in dumpsites 
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Figure 1:Bombs 

Soviet Union 

The development of Russian Bombs progressed in similar fashion as in Germany or other 

nations. The types of bombs are similar in weight of up to 5000 kg. However, most produced 

was the 100 kg class. The form of the casing displays some minor differences to the 

constructions of other nations during wartime, but the effectiveness was nearly the same. 

In addition to Soviet developments, the Allies supported the Soviet Union with warfare 

materials, including aircrafts, mines and other weapons. Accordingly, Soviet replications of this 

material can be found in the marine environment as well. 

All kinds of the Russian Bombs were deployed throughout the majority of the Baltic Sea from 

the Gulf of Finland all the way along the coastline to Swinoujscie and Bornholm. 

UK and USA 

Bombs from UK and USA are comparable to German or Russian types in terms of construction 

and firing systems. Weights were given in pound (lbs) and not in kilogram. From 8 lbs to 12000 

lbs were the produced standard sizes, but mostly used were bombs from 100 lbs to 1000 lbs.  

The distribution area of UK or USA bombs is the western Baltic, the southern coastline of the 

central Baltic and the Gdansk bay. Allied bombers approached Germany via the border to 

Denmark and then changed the course to Kiel, Rostock, Stettin or other targets. The air 

defence attacked the bombers with artillery or fighter planes and in case of emergency 

bombers dropped the explosive cargo in the sea. The areas off the coast from Kiel, Lübeck, 
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Rostock, Sassnitz, Usedom, Stettin, Gdansk and Kaliningrad are affected by a high density of 

submerged bombs. 

2.4.1.1.2 Mines 

The first trials with mines go back to the 18th century. Serious development started later and 

the first ever minefields were laid by Russian units in approach of Port Arthur in the Russo-

Japanese War (1904-1905). From the beginning of WWI onwards, mines were essential 

weapons in naval warfare. Minefields were laid as offensive minefields to stop the merchant 

and military ships-traffic for the enemy and as defensive minefields for secure the own 

coastlines, harbours and traffic lanes. 

The estimated number of mines laid in the Baltic Sea varies between 100,000 and 150,000. 

Of these 35,000 to 50,000 mines were swept and have been removed. It is estimated that 

35,000 mines remain in the Gulf of Finland. The most common mines deployed were contact 

mines. In general, two types of naval mines ï moored and ground mines ï exist and both types 

are can still be fully functionalworking. Drifting mines were not allowed, but a small number of 

different drifting mines were produced in WW II. Drifting mines in form of cut moored mines 

without or defect sinking system were a problem. 

Moored mines were invented prior to ground mines. Their case has a spherical shape, some 

with an additional belt connecting two hemispheres. Inside the mine casing the charge is stored 

in a separate container. The explosive charge in a moored mine weighs between 20 kg and 

350 kg. The mines contain ignition systems that are based on different modes of contact 

ignition. Chemical Horns and switch-horns protruding out of the sphere give moored mine their 

characteristic look. Chemical horns contain a small glass phial with an electrolyte liquid. 

Resulting from a contact of a shipôs hull with the horn, the glass breaks and the electrolyte 

closes an electrical circuit resulting in the ignition of the mine. Switch horn system contain a 

fully loaded battery in the mine case. As a consequence of outside physical contact to the horn 

the switch is operated and again a current circuit is closed, and the detonation initiated. 

The mine case is filled with air, thereby acting as a floating body and providing buoyancy for 

the mine. It is moored to the sea floor by means of an anchor. A wire or a chain connecting the 

mine case to the anchor ensures, that the mineôs position is maintained. Mines were located 

at a water depth between one and five meters below the surface when targeting surface ships 

and 100 m when targeting submarines. When the mooring was damaged by natural influences 

or cut by minesweeping gear, mooring mines ascended to the water surface. A secure system 

would open a hole in the casing, resulting in the mine being filled with water and sinking to the 

sea floor. Minesweepers also damaged the casing of mines by firing at them. 

A contemporary challenge with legacy mines is the lack of knowledge regarding the 

constitution of the minesô ignition systems. For mines with a casing that is in good condition, it 

is possible to encounter fully functioning ignition systems. 
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Figure 2: Deployment principle of moored mines 

Ground mines were first developed towards the end of WWI, which also so a small number of 

ground mines being laid. In WWII ground mines were fullfully functional. 

The explosive charge of ground mines varies strongly between 45 kg and 880 kg. The ignition 

systems are magnetic, acoustic or pressure influenced. Combinations of two or all three 

variants were also developed. The magnetic field of a steel ship, the noise emanated by the 

engine and the marine propeller or the pressure change resulting from the displacement of 

water activated the ignition system. However, in order to function, the ground mine requires a 

sufficiently charged battery. It is possible, that some batteries for of ground mines show a small 

current, but the last real function of a ground mine from WWII was dated to 1972. 

Minesweeping against ground mines is intricate, as minesweeping systems need to be able to 

simulate the magnetic or acoustic fields of a real ship. The pressure displacement cannot be 

simulated by minesweeping systems. 
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Figure 3: Ground mine 

Germany 

In 1877, the first functioning moored mine form Germany, was commissioned. With an 

explosive charge of 40 kg and a simple contact-detonator, the mine served as a defensive 

mine to defend coastal waters. Later, in 1914, Germany deployed new, improved moored 

mines with chemical horns and a well-functioning depth setting system and charges of up to 

220 kg. An additional development were UC mines, moored mines laid by submarines with a 

charge of 200 kg explosives. All mines were contact mines and the majority used chemical 

horns to trigger the ignition system. Between the wars, further effort towards the development 

of moored mines were made. The resulting EMC or EMF mines contained explosive charges 

of 300/350 kg and influence distance firing systems added to the contact systems. 

The development from ground mines started only during the 1920s. The development followed 

two paths: ground mines laid by surface ships or submarines and ground mines laid by aircraft. 

The LM (Luftmine) an BM (Bombenmine) are typical examples for air deployed mines and that 

could also function as a bomb. The explosive charge weighs between 290 kg and 720 kg. 

Ground mines laid by surface ships and submarines worked solely as mines and contain 

explosive charges of up to 880 kg. 
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Russia and Soviet Union 

The development of mines in tsarist Russia and later in the Soviet Union was more advanced 

than in other countries. Part of the mines has similar characteristics as other mines, specifically 

the spherical cases and chemical horns. The mine-anchor has a greater weight and therefore 

providing superior stabilisation on the sea floor. Furthermore, the Russian Navy developed 

contact mines without chemical horns. The bottle with the electrolyte liquid was located inside 

the mine casing and a mechanical gear fixed a hammer. After physical contact by a ship, the 

mine case tilted, and the hammer broke the bottle. The electrolyte activated the detonation. 

This pendulum system was installed in a few numbers of mines in both wars. 

 

Figure 4: Mine with pendulum system 

 

Figure 5: Pendulum System 

The development of ground mines proceeded in similar fashion to that in Germany. Ground 

mines from the UK were provided to the Soviet Union after it entered the war, resulting in a 

mix of Russian and UK mines located in the Gulf of Finland. 

Finland 

Finland produced naval mines during WWII for the Merivoimat (i.e. the Finnish Navy). Most of 

them were replications of German, Russian and Swedish mines and own development efforts 

were very low. 

Netherlands and France 

After the war against France, the German Wehrmacht and Kriegsmarine captured some 100 

mines from both navies. The fully functioning mines were added to the German mines in the 

Nashorn minefield, located between Helsinki and Tallinn from 1942 till 1944. 

Sweden 

The Kingdom Sweden was a neutral state during WWI and WWII. Sweden developed and 

deployed different types of mines with the purpose of defending and the securing Swedish 






























































































































































































































