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- Gran Sasso National Laboratory - Neutrino Physics, Dark Matter, .....

- Neutron flux background

- Radon

- Uranium and geodynamic processes in the Earth’s Lithosphere and Mantle
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•  Neutrino Physics (OPERA, BOREXINO, ICARUS, 
LVD, GERDA, CUORE,COBRA) 

•  Dark Matter (DAMA/LIBRA, WARP, XENON, CRESST) 

•  Nuclear Astrophysics (LUNA) 

•  Earth and Environmental Physics, 
Biology (ERMES, GIGS, PULEX2, CRIORAD) 

Researchers 2007= 297 (Italy) + 468 = 765 

Gran Sasso National Laboratory
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Wulandari, H. et al., 2004. Neutron flux at the Gran 
Sasso underground laboratory revisited. Astropart. 
Phys., doi:10.1016/j.astropartphys.2004.07.005. 

The measurements of the neutron flux made 
during the years at the LNGS-INFN revealed 
differences of orders of magnitude

The neutron flux depends on the humidity of the 
environment: in hall A is lower if the concrete is 
wet than if it is dry (8% and 16% water content, 
respectively). The effect seen in the flux here is 
caused only by moderation. Wet concrete 
moderates neutrons more effectively than dry 
concrete due its higher hydrogen content. 
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1,400 m of overlaying rock
cosmic μ reduction to 1 x m-2 h-1

underground volume: 180,000 m3

The natural radioactivity in rock and materials used 
for the internal structures of the LNGS-INFN has 
been studied in detail, and the specific activities of 
natural radionuclides are known with high accuracy 
for the characterization of neutron background

Wulandari, H. et al., 2004. Neutron flux at the Gran Sasso 
underground laboratory revisited. Astropart. Phys., doi:
10.1016/j.astropartphys.2004.07.005.

The 238U and 232Th contaminations in 
concrete are 1.05±0.12 ppm and 
0.656±0.028 ppm, respectively.

Esposito, A. and Pelliccioni, M., 1985. Study on natural 
radioactivity in building materials with a view to the 
construction of the INFN Laboratory of Gran Sasso. Nucl. 
Sci. J., 22, 291-295.
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Plastino, W., 2006. Monitoring of geochemical and geophysical parameters in the Gran Sasso aquifer. Radionuclides in the Environment, 
Elsevier, 335-342.
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy). J. Environ. Radioact., 101, 45-50.
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Plastino, W., et al., 2009. Environmental radioactivity in the ground water at the Gran Sasso National Laboratory (Italy): a possible  
contribution to the variation of the neutron flux background. J. Radioanal. Nucl. Chem., 282, 809-813.

Wulandari, H. et al., 2004. Neutron flux at the Gran Sasso 
underground laboratory revisited. Astropart. Phys., doi:
10.1016/j.astropartphys.2004.07.005 
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© Istituto Nazionale di Geofisica e Vulcanologia
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Radium decay involves the release of the excess 
energy which is shared between the α particle 
which forms (98.1%), and the new radon atom

The emanating power of rocks is defined as the 
ratio between the amount of radon escaping 
from the solid matrix and that produced by 
radioactive decay

© United States Geological Survey
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Plastino, W. and Bella, F., 2001. Radon groundwater monitoring at underground laboratories of Gran Sasso(Italy). Geophy. Res. Lett., 28, 
2675-2677
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Plastino, W., 2006. Monitoring of geochemical and geophysical parameters in the Gran Sasso aquifer. Radionuclides in the Environment, 
Elsevier, 335-342.

Plastino, W. and Bella, F., 2001. Radon groundwater monitoring at underground laboratories of Gran Sasso(Italy). Geophy. Res. Lett., 28, 
2675-2677.
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Plastino, W., 2006. Monitoring of geochemical and geophysical parameters in the Gran Sasso aquifer. Radionuclides in the Environment, 
Elsevier, 335-342.

Caputo, M. and Plastino, W., 2004. Diffusion in porous layers with memory. Geophys. J. Int., 158, 385-396
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy). J. Environ. Radioact., 101, 45-50.
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Lavecchia, G. et al.  1999. Analisi delle relazioni tra sismicita` e strutture tettoniche in Umbria–Marche–Abruzzo finalizzata alla realizzazione della 
mappa delle zone sismogenetiche. Progetto 5.1.1 — PE 98 (CNR-GNDT): Mappa delle zone sismogenetiche e probabilita` degli eventi associati, 
http://emidius.itim.mi.cnr.it/GNDT/P511/UNI_CHI/rel990703.html
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                 Boni et al., Mem. Soc. Geol. It., 1986 
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Langmuir, Geoch. Cosmoch. Acta, 1978

© J. Eikenberg, Paul Scherrer Institute
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy). J. Environ. Radioact., 101, 45-50.
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Plastino, W. et al., 2010. Uranium groundwater anomalies and L’Aquila earthquake, 6th April 2009 (Italy). J. Environ. Radioact., 101, 45-50.
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Plastino, W. et al., 2011. Uranium groundwater anomalies and active normal faulting. J. Radioanal. Nucl. Chem., 288, 101-107.
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Frezzotti,M.L., et al., Carbonate metasomatism and CO2 lithosphere–asthenosphere degassing beneath the Western Mediterranean: An integrated 
model arising from petrological and geophysical data, Chem. Geo. (2009), doi:10.1016/j.chemgeo.2009.02.015.



Table 1 Summary of statistical analysis (Relative Standard Devia-

tion, Mean, Covariance and Correlation with U) for each site and

simultaneous readings of U, Na, Mg, K, Ca, EC, ORP, and pH, during

the periods A (from 23rd June 2008 to 31st March 2009) and B (from

10th April 2009 to 31st May 2010). Each series was normalized to the

corresponding average

U Na Mg K Ca EC ORP pH

A

El

RSD 0.145 0.148 0.134 0.272 0.130 0.026 0.063 0.024

Mean 1.073 1.079 1.015 1.081 1.030 0.967 0.987 1.014

Cov (U, X) 0.020 0.019 0.017 0.027 0.016 0.000 -0.002 -0.001

Corr (U, X) 1.000 0.935 0.877 0.714 0.886 -0.095 -0.236 -0.174

E3

RSD 0.139 0.158 0.137 0.419 0.132 0.024 0.047 0.025

Mean 1.072 1.075 1.022 1.105 1.040 0.973 1.038 1.002

Cov (U, X) 0.019 0.019 0.016 0.029 0.017 0.000 0.000 0.000

Corr (U, X) 1.000 0.874 0.851 0.517 0.937 -0.062 -0.033 0.023

E3dx

RSD 0.241 0.240 0.221 0.366 0.219 0.022 0.046 0.017

Mean 1.134 1.099 1.066 1.143 1.092 0.987 1.032 1.003

Cov (U, X) 0.057 0.050 0.047 0.065 0.048 0.000 0.000 -0.001

Corr (U, X) 1.000 0.884 0.906 0.752 0.931 -0.019 0.019 -0.130

E4

RSD 0.183 0.171 0.150 0.403 0.165 0.030 0.053 0.021

Mean 0.9b7 1.069 1.033 1.175 1.051 0.979 1.076 0.999

Cov (U, X) 0.033 0.024 0.023 0.046 0.026 0.000 0.002 0.000

Corr (U, X) 1.000 0.775 0.872 0.645 0.896 0.080 0.267 -0.127

B

El

RSD 0.041 0.036 0.035 0.088 0.036 0.026 0.054 0.008

Mean 0.956 0.952 0.991 0.952 0.982 1.020 1.008 0.991

Cov (U, X) 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Corr (U, X) 1.000 0.400 0.181 0.141 0.309 0.002 0.173 -0.102

E3

RSD 0.049 0.040 0.034 0.108 0.038 0.021 0.057 0.012

Mean 0.957 0.956 0.986 0.928 0.977 1.016 0.977 0.999

Cov (U, X) 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Corr (U, X) 1.000 0.115 0.074 -0.010 -0.081 0.138 -0.148 -0.033

E3dx

RSD 0.056 0.132 0.043 0.157 0.040 0.026 0.053 0.011

Mean 0.920 0.940 0.961 0.919 0.946 1.008 0.982 0.998

Cov (U, X) 0.003 0.002 0.001 0.002 0.001 0.000 0.001 0.000

Corr (U, X) 1.000 0.309 0.496 0.193 0.554 0.226 0.302 -0.460

E4

RSD 0.069 0.045 0.041 0.103 0.040 0.023 0.062 0.021

Mean 1.009 0.959 0.980 0.904 0.970 1.013 0.955 1.001

Cov (U, X) 0.005 0.002 0.002 0.003 0.001 0.001 0.001 0.000

Corr (U, X) 1.000 0.624 0.554 0.419 0.470 0.356 0.271 -0.158
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Plastino, W. et al., 2011. Uranium groundwater anomalies and active normal faulting. J. Radioanal. Nucl. Chem., 288, 101-107.
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Plastino, W. et al., 2011. Uranium groundwater anomalies and active normal faulting. J. Radioanal. Nucl. Chem., 288, 101-107.
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More attention should be devoted to the pre-earthquake and volcanic eruption studies of 
geodynamic processes, especially on characteristics of fluids filling the fractures before the main shock 
and eruption. Uranium in groundwater has been tested as a potential indicator of pre-earthquake 
processes as it may be associated with geodynamics of preparation phases of earthquakes. 

Another possible physical process during the pre- and post-phases of the earthquake could be 
investigated: the first stage seems to be characterized by U variations in groundwater that can 
modulate the radon concentration, the second one (after the main shock) do not show any U 
anomalies, justifying the different radon patterns before and after the main shock.

Conclusions
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