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Outline

» Handling the problem with PPWs and munitions

ÅIdentification

ÅQuantifying

ÅAssessing and prioritizing

ÅRemoving



Identifying the problem 
- Threat beneath the surface

» Wrecks with potentially polluting cargo 

and/or bunkers

» Munitions

» Wrecks with potentially polluting bunkers 

and munitions



Quantifying the problem

» Potentially polluting wrecks

» Munition areas

» Mines

Helcom, MADS 2025

SMA, 2013

Ocean Discovery, 2019



Assessing and prioritizing the problem

» Funding ïlimited or competition between sectors 

in society

» Allocating funding

ÅBang for your bucks

» Risk assessment and prioritization

ÅNeed for in-situ information

ÅMethods for risk assessment



Assessing and prioritizing the problem, 
cont.

- Risk assessment and prioritization

» Probability of a hazardous substance 

entering the marine environment 

» Consequence of the hazardous substance 
entering the marine environment 

ÅAmount

ÅToxicity

ÅSensitivity of receptors

VRAKA-CWA

General data

Site

Position

Name of assessor

Date

Site specific indicators

Unit Min Max

Average sea-floor oxygen concentration ml/l 6.8 7.4 0 8

Average sea-floor salinity PSU 34 34 1 35

Average sea-floor temperature C 5 7 3 9

Average sea-floor current strenght m/s 0 1 0 1

Average hull thickness at construction mm 0 14 0 14

Depth m 190 220 0 459

Time since dumped years 71 72 0 100

Bottom character Select:

Activities

Unit

Construction times/year 0.01 0.1

Diving times/year 0.001 0.01

Military activity times/year 0.01 0.1

Shipping traffic times/year 0.001 0.01

Storms times/year 0.001 0.01

Trawling times/year 1 2

Unstable seabed times/year 0.01 0.1

Munition specific data

Arrangement of objects Select:

Unit

Mass of toxic substance per unit kg 200 300

Primary Secondary

CWA - Toxic Unit Select: 0.41 0.086

Lowest 

reasonable

Highest 

reasonable

4 - Inside a wreck

Clark I

Example site

October 2018

B - Erosional seafloor other than in rock

Lowest 

reasonable

Highest 

reasonable

Lowest 

reasonable

Highest 

reasonable

Run simulation

3. Within the sediment 2. Clustered1. Dispersed 4. Inside a wreck



Removing the problem
- Cost -efficiency in proactively addressing the issue

» Comparing costs ïoil removal operations vs 
oil spill clean-up operations

ÅOil removal operations

ÅLindesnäs: $7476 /ton

ÅFinnbirch: $18 542 /ton

ÅOil spill clean-up operations

ÅTjörn: $47 000 /ton

Å500 ton, Swedish coastline 
2011

ÅClean-up costs Europe 

ÅLight oil: $49 500 - 495 000 
/ton

ÅHeavy oil: $105 000 - 1 050 
000 /ton 

ÅNot including environmental and 
socioeconomic costs. 



Questions / Comments
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Baltic Sea

10

Sea dumping, Military activities, Wrecks.

Mine Fields

Wreck
s

Conventional munitions

Chemical Munitions

Data: HELCOM



Climate change consequences

Scharsack et al.,  2021

Abiotic changes in the marine environment affecting 

the condition of dumped munitions and the release and spread of contained 

compounds



Corrosion

Barrels Vk=0,0434 mm/year

Bombs Vk=0,0365 mm/year
In sediments Vk=0,0313 mm/year

Wall thickness: 
Barrels 1.5 to 2 mm

Bombs 3 mm

shells 5-7 mm
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beczki bomby pociski



Impacton biota

Bornholm



Contamination of sediments

Degradation Products



Remediation Roadmap

Policy Search Assess Remediate Monitor

MUNIMAP



Runningprojects

Joint Effort



Thank you for your attention

Funding
Å .

Å MarTERA ERA-NET Cofund projects supported by the National 
Centre of Research and Development Poland

Á AMMOTRACE (AMMunitiOn exploration by surface- and 
underwater-based laser mass spectrometric TRACing tEchnology)

Á EROVMUS (Enhanced ROV Interface for Munition Studies)

Á European Union (European Regional Development Fund) under the 
Interreg Baltic Sea Region Programme 2021-2027, project 
MUNIMAP

Á INTERREG SouthBaltic Project Baltwreck

Á Ministry of Science and Higher Education from the2021-2027
science funding allocated for the implementation of international co-
financed projectā

Å .
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European Projects Showcase
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Source: Author's compilation based on data from munitionsinthesea.eu



European Projects Showcase
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Source: Author's compilation based on data from munitionsinthesea.eu

Projects Conducted at IOPAN



Projects Conducted at IOPAN: Completed
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Chemical Munitions Search 

and Assessment

Duration: 2011-2013

Funding: 4.5M EUR

Leader: Institute of Oceanology PAN

Towards the Monitoring of Dumped 

Munitions Threat

Duration: 2013-2015 

Funding: 0.4M EUR

Leader: Institute of Oceanology PAN

NATO Science 
for Peace and Security Programme

Decision Aid for Marine Munition ïPractical 

Application

Duration: 2019-2021

Funding: 0.9M EUR

Leader: Institute of Oceanology PAN

Marine AMMunitiOn dump site 

exploration by surface- and 

underwater-based laser mass 

spectrometric TRACing technology

Duration: 2021-2024

Funding: 2.1M EUR

Leader: GEOMAR

Professional intelligent munitions 

assessment using 3D reconstructions 

and Bayesian Neural Networks

Duration: 2021-2024 

Funding: 1.2M EUR

Leader: GEOMAR

Decision Aid for Marine Munitions

Duration: 2016-2019

Funding: 4.7M EUR

Leader: Institute of Oceanology PAN



Projects Conducted at IOPAN: Ongoing
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Enhanced Remote Operated Vehicle interface 

for Munition Studies

Duration: 2022-2025

Funding: 2.2M EUR

Leader: Institute of Oceanology PAN

European Maritime, 
Fisheries and Aquaculture 

Fund 

Baltic Sea Munitions Remediation Roadmap

Duration: 2024-2027

Funding: 3.9M EUR

Leader: Institute of Oceanology PAN

Mitigation of Risks Due to Submerged Munitions 

for a Sustainable Development of the Baltic Sea

Duration: 2024-2027

Funding: 2.5M EUR

Leader: Aarhus University

Marine Munition in Europe ïSolutions with Economic 

and Ecological Profits for Efficient Remediation

Duration: 2024-2028

Funding: 5.9M EUR

Leader: GEOMAR



Projects Conducted at IOPAN: EROVMUS

MISSIONARENA4
28-29 April 2025 | Sopot, Poland

Enhanced Remote Operated Vehicle interface 

for Munition Studies

Duration: 2022-2025

Funding: 2.2M EUR

Leader: Institute of Oceanology PAN

Consortium

Á Institute of Oceanology PAN (PL)

Á OceanTech (PL)

Á GeoEcoMar (RO)

Á DotOcean (BE)

Á Clausthal University of Technology (DE)

Á Q.VITEC GmbH (DE)

Á Port Oostende (BE)

Á Flanders Marine Institute (BE)

Poland

Romania

Belgium

Germany



Projects Conducted at IOPAN: EROVMUS
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Enhanced Remote Operated Vehicle interface 

for Munition Studies

Duration: 2022-2025

Funding: 2.2M EUR

Leader: Institute of Oceanology PAN

Goal

Develop an improved interface for Remote Operated Vehicles (ROVs) to enable easier, 

more cost -effective deployment during missions related to underwater munitions.

Key Objectives

Á Multisensory platform to enhance navigation and object detection (integrating lights, cameras, 

BlueView sonar, traditional sonar systems)

Á Autonomous identification routines (target tracking, scene recording, multi-angle observation)

Á Image enhancement technologies (AI-based image enhancement, bionic filtering)

Á Simplified piloting (augmented and virtual reality solutions for better control and operator 

experience)

Á Optimized interoperability (adapting the system to multiple ROV models and testing across 

diverse environments)

Operational Areas

Á Baltic Sea, North Sea, Black Sea



Projects Conducted at IOPAN: MUNIMAP
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Baltic Sea Munitions Remediation Roadmap

Duration: 2024-2027

Funding: 3.9M EUR

Leader: Institute of Oceanology PAN

Consortium

Á Institute of Oceanology PAN (PL)

Á Polish Naval Academy (PL)

Á Military University of Technology (PL)

Á International Centre for Chemical Safety and Security (PL)

Á German Environment Agency (DE)

Á Alfred Wegener Institute (DE)

Á North.io (DE)

Á KUM Environmental and Marine Technology (DE)

Á University of Helsinki (FI)

Á Lithuanian Environmental Protection Agency (LT)

Á Latvian Institute of Aquatic Ecology (LV)

Á University of Tartu (EE)

Á Council of the Baltic Sea States (SE)

Á HELCOM (FI)

Á Norwegian Defense Research Establishment (NO)

Á Maritime Office in Gdynia (PL)

Á Aarhus University (DK)

Poland

Denmark

Sweden

Germany

Finland

Norway

Lithuania

Latvia

Estonia



Projects Conducted at IOPAN: MUNIMAP
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Baltic Sea Munitions Remediation Roadmap

Duration: 2024-2027

Funding: 3.9M EUR

Leader: Institute of Oceanology PAN

Goal

Develop a comprehensive framework and innovative tools to address the environmental, safety, 

and economic threats posed by underwater munitions.

Key Objectives

Á Legal and policy development (review existing frameworks and recommend harmonized 

approaches across countries)

Á Decision support tools improvement (develop IT solutions to support risk assessment, site 

prioritization, and remediation planning)

Á Technology innovation (conduct real-life tests of environmentally-friendly methods for munitions 

remediation)

Á Monitoring strategy (design a pan-Baltic plan for the permanent surveillance of affected areas)

Operational Areas

Á Baltic Sea, Skagerrak



Discover More
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JPI Oceans Knowledge Portal Munitions in the Sea

munitionsinthesea.eu

@munitions-in-the-sea

#munitionsinthesea

Project MUNIMAP

interreg-baltic.eu/project/munimap

@munimap

#munimap
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Thank you!

Agnieszka Jňdruch

Institute of Oceanology Polish Academy of Sciences

ajedruch@iopan.pl
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SBR Project Baltwreck
Preventing massive marine waters chemical pollution from the
leaking wrecks and munition/weapon dumps in the South Baltic

Adam Cenian
IMP PANGdaŒsk
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Steuben Wilhelm Gustloff Goya

broken submarine

Franken

Terra
Stuttgart

submarine

Potentially poluting wrecks in Polish exclusive economic zone



The Baltwreckproject`s main objectives
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(1) developing efficient wrecks diagnostics methods, 

(2) developing risk management & decision-making tool related to wrecks hazards,

(3) in-situ and ex-situ studies of remediation technologies for hazardous fuels from
wrecks as well as munition/weapons and explosives, 

(4) examining the toxicological risk for marine ecosystems caused by dumped 
munitions and hydrocarbon deposits
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Study objects include wracks of 

Stuttgart ( hospital ship )  and Franken (merchant
ship )
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Source: Alfons Hakans

New InnovativeToolboxForOilRemoval_B_2015-10-13_KR

(1) Developing diagnostic methods
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ÁThe SABAT project (Stochiometry Analysis By Activation Techniques)

ÁThe 14.1 MeVneutron generator with ɻparticle detection

ÁNeutron and gquanta attenuation in water minimized by guidesfilled with 
air or someother gas

ÁPulsed generator & correlatedaparticles detection Ú tomographicalpicture 
of the chemical composition

ÁChangeableposition, length and  orientation of guides

ÁPosition sensitivedetector (scintillator )

Non-invasive detection of hazardous materials using neutron beams

(M. Silarski, P. Moskal, Patent PL 223751; EP 15738491.8;US 15/509,013)
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4.4 MeV (C, Background)

0.511 & 0.478

1.436 & 1.472 MeV

2.223 MeV

- ςȱØςȱLaBr3:Ce,Sr + Hamamatsu R7723-100 & Nucliflare DAQ
- detector ~ 15 cm from the sample
- Baltic Sea sample(4.7 kg, 5-10% of mazut)
- picric acid (1.3% solution, 1 gal)
- water (~ 6 kg)
- Melamine(~1 kg)
- Boric acid (~ 0.3 g) 

Mazut Water Picric Acid

(C6H3N3O7)

R sR R sR R sR

H/O 15,79 0,58 68,81 0,85 61,7 1,8

C/O 305,0 8,4 416,8 5,5 452 9,6

H/C 0,05 0,01 0,17 0,02 0,14 0,03
C

o
u

n
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[1
/s

]

E [keV]

AmBe source

DT generator

First laboratory tests with a AmBesource and the DT generator
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Á Feasibility studies on using the SABAT sensor to assess the presence of heavy fuel 
in wrecks is our main goalwithin the BALTWRECK project

Á First tests under real conditions in Baltic Sea planned for the Summerof 2026

Diagnostics research activities
planned within the BALTWRECK project
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(2) Development of risk management & decision-making tool related to wrecks hazards

The web based solution

+ graphical user interface 
+ GIS module 

+ built on top of other Interreg regional systems

including Vraka model. 

+ AI based module will calculate risk associated 
with pollution generated by the wrecks:

+ it predict corrosion rate and leakage, 

+ advise users of available and suggests

remediation method. 

Application will include database for existing 

data, able to absorb future data, and will be 

linked to other publicly available environmental 

databases (EMODNET, HELCOM).
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But what about the catastrophic scenario ïwhen fuel is released to environment


