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The LAGUNA-LBNO project is being coordinated by the Swiss Federal Institute of Technology Zurich 

with 40 participating parties drawn from 11 countries within Europe along with Japan, collectively 

working towards a common goal to build the largest possible volume, deep underground neutrino 

detecting observatories. Similar underground observatories exist in other parts of the world but none 

are of the scale and magnitude of the LAGUNA-LBNO Project. The 40 Parties are made up from Aca-

demic (Scientific) Partners, Industrial Partners and Affiliated Academic Partners whose combined 

knowledge will enable the most appropriate solution to be identified and subsequently built at the 

most appropriate location/s. The purpose of the LAGUNA-LBNO Project is to design and build under-

ground laboratories that will be located at preferred locations within Europe. At this stage, two loca-

tions have been singled out as the most suitable among the original 7 sites that were initially under 

consideration. The site of a soon to be disused copper and zinc mine at Pyhäsalmi, Central Finland has 

been identified as the most suitable location for two experiments, one involving liquid Argon as the 

neutrino detection medium, and the other a scintillating material. A further site adjacent to the Fréjus 

Tunnel between France and Italy has also been identified and proposed for a third experiment using 

water. 

We performed the safety analysis and quantitative risk assessment of a 50kton Liquid Argon Tank and 

associated underground processes for cooling, filtration, ventilation etc during normal operation as 

Deliverable 3 of WP3 of the project. The tank is to be constructed and located at 1400m underground 

in specially excavated caverns at the Pyhäsalmi mine in Finland.  

The main safety concern in this installation is the presence of cryogenic argon and the potential for 

uncontrolled release of liquid argon into the tank cavern and the mine. Such releases may create con-

ditions that pose a risk of significant adverse health consequences for exposed personnel. These ad-

verse health consequences range from potential lack of oxygen due to exposure to very low tempera-

tures. Exposure to atmospheres containing less than 10% v/v oxygen can rapidly overcome a person 

and bring about unconsciousness without warning so they are incapable of helping themselves. Lack of 

sufficient oxygen can cause serious injury or death. Exposure to very low temperatures may cause 

frostbites and hypothermia. The latter is an emergency condition that can quickly lead to uncon-

sciousness and death if the loss of body heat is not stopped. In addition, leaks of cryogenic fluids and 

the resulting extremely temperatures may present risks to the structural integrity of the cavern.   

A qualitative risk analysis has been performed to identify the possible causes of Loss of Containment 

(LOC) of the liquid argon and hence its release to the cavern atmosphere, the safety systems that are 

implemented in the design to inhibit such causes of LOCs and their failure modes, and the types of LOC 

such failures lead to. The qualitative analysis has indicated that all types of LOCs or Plant Damage 

States (PDS) may be grouped into three release categories.  

Quantification of the risk analysis contains the following: 

• Quantification of the dispersion of argon released from each of the three PDSs to establish the re-

lease conditions in various locations of interest as function of time following the onset of the re-

lease, CFD dispersion simulations are performed in this task. 

• Expected frequencies of occurrence for each of the three PDSs are estimated in order to estimate 

the expected frequencies of adverse health consequences from a potential Ar release in the exper-

imental facility. 

 

The methodology has also been applied to quantify risks in an existing liquid argon facility at the 

Canfranc Underground Laboratory at the Spanish Pyrenees. 

 


