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Introduction 
 „Ghosts” of World Wars: 42-65 kt of chemical 

munitions sunk in the Baltic Sea 
 

 Main known contamined areas: Little Belt, 
Bornholm Deep (east of Bornholm) and the 
south-western part of the Gotland Deep 
 

 Unknown amount of chemical 
leftovers are spread around the Baltic 
Sea 

 
 Serious threat for people and environment 

 
 „Fake amber” on the coast 
 Mustard gas „fished” out the sea 
 Sunk conventional munitions threatens 

marine  
 Genetic mutations of marine fauna  

http://www.sfora.pl/polska/Napalm-w-Baltyku-Przed-katastrofa-nie-ma-ratunku-a52539 

 1/6 of the sunk munition released into Baltic = entire degradation of live 
in the sea and at its shores for 100 years!! 
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Introduction 

Main agents do deal with: 

Mustard gas (C4H8Cl2S) Fosgen (COCl2) Sarin (C4H10FO2P) 

Tabun (C5H11N2O2P) Soman (C7H16FO2P) VX (C11H26NO2PS) 

 Presently used detection methods: 
 Sonars (shape and localization) + diver/robot inspection (evaluation of 

the ammunition shell and type) 
 „By chance”: during fishing, etc. 

 
 High economic and environmental costs has been preventing so far any activities 

aiming at extraction o these hazardous substances 
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Neutron Activation Techniques 

 Novel methods of nondestructive 
chemical threat detection based on 

neutron activation: 

D+T  α + n 

n + nucleus   nucleus + g + n 

neutron 

γ quantum 

detector 

nucleus 
Thermal neutron capture 
(sources, D+Dgenerators) 

Neutron inelastic 
scattering 
(D+D/D+T generator) 

Excited nuclei emit gamma quanta of 
energy characteristic of the element 

Relative content of elements  Stoichiometry 
 

Identification 
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Drawbacks: 
 High neutron attenuation in water 
 High background from Oxygen and Hydrogen 
 Small cross sections for some of the elements 
 Decreased mobility due to detector cooling 

Neutron Activation Techniques 

 High penetration allows detection of 
explosives/ which are hidden in 
vehicles, buried, etc. 

 Signature: gamma quanta of the following nuclei: 
12C (4.43 MeV), 16O (6.13 MeV), 14N (2.31 MeV, 5.11 MeV), 37Cl (1.73 MeV, 3.1 MeV) 32S (3.78 MeV) 
31P (1.27 MeV) 19F (0.11 MeV, 0.197 MeV) 

 The use of pulse generators and 
detection of correlated  particles 
allows to measure the neutron time of 
flight  topographical picture of the 
chemical composition of the 
substance 
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Neutron Activation Techniques 

γ quanta detection Data analysis  

Comparison with database of known substances & identification 
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Underwater application 



8 

 Design of the first prototype: 
Monte Carlo simulations 
 
 Fast independent simulations 

devoted only to the NAA 
applications 

 Open source code (C++ as default 
programming language, standard 
version C++11) 

 Target OS: Linux (Debian or Red 
Hat based) 

 Multiple cores/threads (Open MPI 
standard & library) 

 Parallel computing 
 Physics: ENDF/EXFOR libraries 

used 
 Database : SQLite3 
 Relational DataBase Management 

System, most tables in the second 
normal or third normal form (2NF 
& 3NF) 

 Novel method of geometry 
definition and particle tracking 
based on graphs 
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Summary 

 The chemical munitions sunk in seas constitute a very serious threat for environment 
and people 

 Methods of detection used so far are not efficient enough to detect all contaminated 
sea areas 

 Promising improvement: neutron activation techniques used on the submarine 

 Design of the prototype of such device has started in the Institute of Physics of the 
Jagiellonian University 

 We are developing a new fast simulation tool devoted to the Neutron Activation 
Analysis applications 

 First simulations of complete identification system expected for the end of December 
2014 
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