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" Radiation &life

“Life on earth has developed with an ever present
background of radiation. It is not something new, invented
by the wit of man; radiation has always been there.”

Eric J Hall, Professor of Radiology, College of Physicians and Surgeons,
Columbia University, New York, “Radiation and Life™,
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Atmosphere Cosmogenlc and anthropogemc radionuclides in the atmosphere (- H(tl 2 =123
a), H "Be (53 d). ‘OBe (1.5x10° a),"*C (5730 ), e, Al (7.1 10° a), °*Si (140
a), °Cl 3. 01x10° a), *°Cl, Ar (269 a), *'Kr (2. 3\10 a), “Kr (10.8 a), '*’I
(1.7x107a), '*’I)
Study of trace gases: CO,, CO, OH, O3, CH4 (14C)
Transport and origin of carbonacous aerosols (‘*C,'*C) and loess (‘’Be)
Exchange of stratospheric and tropospheric air ('Be, '’Be)

Biosphere Dating in archaeology and other fields (‘*C, *'Ca (1.04x10° a))
Calibration with tree rings, corals, lake & ocean sediments, spaleothems ('*C)
Studies in forensic medicine through bomb-peak dating ('*C)

In-vivo tracer studies in plants, animals, and humans (14Q, Al *'Ca, ”Se
(3.0x10° a), ’Tc (2.11x10° a), *°I)

Hydrosphere Dating of groundwater (‘*C, *°Cl, 39Ar,_ IKr, 1)
Global ocean circulation pattern (‘*C, "*C *’Arr, 99Tc, 121
Paleoclimatic studies in lake and ocean sediments (**C)

Cryosphere  Paleoclimatic studies in ice cores from glaciers and polar ice sheets
(“Be, 4C, 29A1, 8i.%Cl, ¥ Ar, *Kr)
Variation of cosmic ray intensity with time ('"Be, '*C, *°Cl)
Bomb-peak 1dentification (36Ql, 41@, 1291)

Kutschera, W, 2005. The role of isotopes in environmental and climate studies, Nuclear Physics A, 645-648.
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Contents

- Solid Earth Physics: Is daughter better than parent! A
case study: Radon vs Uranium

- Fluid Earth Physics: From water vapor to the Benthic
Boundary Layer

- Anthropogenic Isotopes and Forcing: Nuclear Power
Plants and Nuclear Test
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Geodynamic Processes in the Earth’s Lithosphere and Mantle

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.
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type of sample U “Th “Ra (1)
[ppm] [(mBg/g]  [ppm] [mBqg/g] [ppt] [mBg/g]
1gneous granite 2-10 25-120 5-30 20-120 05-4 25-120
Gabbro 0.5-2 5-25 2-6 5-25 0.1-05 5-25
Basalt 0.1-1 1-10 03-4 1-15 0.02-02 1-10
Ultramafics <0.02 <0.2 <0.05 <0.2 <0.01 <0.2
sedimentary Shales 2-4 25-50 5-15 20-120 05-1 25-50
Limestone 1-3 10 - 40 0-3 0-10 0.2-1 10 - 40
Speleothem 1-3 10 - 40 0-3 0-10 0.2-1 10 - 40
Coral 2-4 25-50 <0.01 <0.04 0.5-1 25-50
Clay 1-4 10 - 50 1-15 5-60 0.2-1 10 - 50
water (2) sea water (3) 3-4 40 - 50 <0.01 <0.05 0.01-0.1 0.5-5
river water (4) 0.1 -1 1-10 <0.01 <0.05 001-0.1 05-5

© |. Eikenberg, Paul Scherrer Institute
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Ulomov, V., Mavashev, B.Z., 1967. A precursor of a strong tectonic earthquake. Doklady Akademii Sciences SSSR, Earth Sciences Sections
1 76,9—11.
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Radium decay involves the release of the excess

energy which is shared between the & 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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>~ Zone of aeration (Vadose Zone)

Moisture sticks to

> Zone of
saturation

grain surfaces; air
pockets remain.

(Phreatic Zone)

© W. Aeschbach-Hertig, University of Heidelberg
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Plastino, W. et al, 2010. Uranium groundwater anomalies and L'Aquila earthquake, 6th April 2009 (ltaly), Journal of Environmental
Radioactivity, 101, 45-50.
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Plastino, W,, Bella, F, 2001. Radon groundwater monitoring at underground laboratories of Gran Sasso(ltaly). Geophysical Research Letters,

28,2675-2677.
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Diffusion in porous layers with memory
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SUMMARY

The process of diffusion of fluid in porous media and biological membranes has usually been
modelled with Darcy’s constitutive equation, which states that the flux is proportional to the
pressure gradient. However, when the permeability of the matrix changes during the process,
solution of the equations governing the diffusion presents severe analytical difficulties because
the variation of permeability is not known a priori.

A diverse formulation of the constitutive law of diffusion is therefore needed and many
authors have studied this problem using various methods and solutions. In this paper Darcy’s
constitutive equation is modified with the introduction of a memory formalism. We have also
modified the second constitutive equation of diffusion which relates the density variations in
the fluid to the pressure, introducing rheology in the fluid represented by memory formalisms
operating on pressure variations as well as on density variations. The memory formalisms are
then specified as derivatives of fractional order, solving the problem in the case of a porous
layer when constant pressures are applied to its sides.

For technical reasons many studies of diffusion are devoted to the flux rather than to the
pressure; in this work we shall devote our attention to studying the pressure and compute the
Green’s function of the pressure in the layer when a constant pressure is applied to the boundary
(Case A) for which we have found closed-form formulae. The described problem has already

Abstract

reserved.

The detection properties of a YAP:Ce scintillator (YAIOj;:Ce crystal) optically coupled to a Hamamatsu H5784
photomultiplier with standard bialkali photocathode have been analyzed. In particular, the application to radon and
radon-daughters gamma-ray spectrometry was investigated. The crystal response has been studied under severe extreme
conditions to simulate environments of geophysical interest, particularly those found in geothermal and volcanic areas.
Tests in water up to a temperature of 100°C and in acids solutions such as HCI (37%), H,SO4 (48%) and HNOj; (65%)
have been performed. The measurements with standard radon sources provided by the National Institute for Metrology
of lIonizing Radiations (ENEA) have emphasized the non-hygroscopic properties of the scintillator and a small
dependence of the light yield on temperature and HNO;. The data collected in this first step of our research have
pointed out that the YAP:Ce scintillator can allow high response stability for radon gamma-ray spectrometry in
environments with large temperature gradients and high acid concentrations. © 2002 Elsevier Science B.V. All rights

PACS: 07.85.—m; 07.89.+ b; 23.60. +e; 29.30.Kv; 29.40.Mc; 93.85.+q

Keywords: Radon; Radon daughters; Gamma-ray spectrometry; Geophysics; YAP:Ce

been considered for a half space (Caputo 2000); however, the results for a half space are mostly
qualitative since in most practical problems the diffusion occurs in layers.

The solution is also readily extended to the case when a periodic pressure is applied to one
of the boundary planes while on the other the pressure is constant (Case B) which mimics the
effect of the tides on sea coasts. In this case we have found a skin effect for the flux which limits
the flux to a surface layer whose thickness decreases with increasing frequency. Regarding the
effect of pressure due to tidal waters on the coast, it has been observed that when the medium
is sand and the fluid is water, for a sinusoidal pressure of 2 x 10* Pa and a period of 24 hr
at one of the boundaries and zero pressure at the other boundary, the flux is sinusoidal with
the same period and amplitude decaying exponentially with distance to become negligible at
a distance of a few hundred metres.

A brief discussion is given concerning the mode of determination of the parameters of
memory formalisms governing the diffusion using the observed pressure at several frequencies.
We shall also see that, as in the classic case of pure Darcy’s law behaviour, the equation
governing the flux resulting in the diffusion through porous media with memory is the same
as that governing the pressure.

1. Introduction

The YAP:Ce monocrystal has been emphasized
as a good detector for gamma-ray spectrometry
[1,2]. The properties of YAP:Ce can be summar-
ized as follows [3-6]:

® high light output of 40-50% relative to Nal(Tl);
e density of 5.37 g/cm?;
® short decay time constant of 27 ns;

GJI Volcanology, geothermics, fluids and rocks

*Corresponding author. Department of Physics, University
of Roma Tre, via della Vasca Navale 84, I-00146 Roma, Italy.
Tel.: +39-06-55177-277; fax: +39-06-5579-303.

E-mail address: plastino@fis.uniroma3.it (W. Plastino).

Key words: Darcy, diffusion, filtering, flux, memory, porous media. PILS0168-9002(02)00692-7
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® average Z of 39;

broad spectrum emission peaking at 370 nm;

® very good mechanical and chemical properties;
and

® light yield almost independent of the energy
deposited by gamma rays in the crystal and
negligible afterglow.

The properties of YAP:Ce monocrystal and
particularly its emission peak are well coupled with
the sensitivity curve of typical photomultipliers
and make this detector a useful tool for potential
applications in gamma-ray spectrometry in geo-
physical research.

0168-9002/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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Earth science

Radon and rock deformation

Evelyn Roeloffs

hat happens when stress is applied
\/\/to rocks in the Earth’s crust so that

the crust deforms? This is a ques-
tion tackled by Trique ef al. on page 137 of
this issue'. They have used a natural labora-
tory in the French Alps — the Roselend
reservoir — to monitor the geophysical sig-
nals that result from the greater or lesser
pressure on the underlying crust exerted by
the weight of water in the reservoir. This area
is not itself prone to earthquakes. But the
broader interest of this work is in what it may
tell us about the events, induced by crustal
deformation, that precede earthquakes.

The ability to predict earthquakes is of
course highly desirable. But progress in this
difficult and highly contentious science will
depend on detecting and interpreting phy-
sical changes stemming from the processes

_SIlairl I 106

Radon

' ' '  AMain shock
Months
Figure 1 The radon and strain data for the
magnitude-7 Izu—Oshima earthquake™ of 14
January 1978 show changes preceding the
earthquake. But they do not match the model
shown in Fig. 2; in particular, neither change is
monotonic, and in both cases the pre-earthquake
change exceeds that produced by the earthquake
itself.

104

of earthquake generation. Many possible
precursors have been reported, but seis-
mologists are sceptical of those that are not
clearly linked to crustal deformation. This
‘unproven’ category includes the well-docu-
mented precursory decrease and increase
of radon concentration before the 1978
[zu—Oshima earthquake in Japan® (Fig. 1),
as well as the controversial assertion that

Deformation

Borehole
strainmeter

Seismic Time
rupture
begins

Fault plane
0 with impending
earthquake

Figure 2 Rock friction, which depends on slip
rate and sliding-induced changes on a fault
surface, implies that seismic slip should be
preceded by accelerating aseismic slip near the
hypocentre of an impending earthquake.
Sufficient aseismic slip would produce near-
surface deformation detectable by a borehole
strainmeter. Compared with the strain step
recorded at the time of the earthquake, the
precursory strain signal would be in the same
direction but of much smaller amplitude. A
magnitude-5 earthquake, 10 km deep, produces
maximum near-surface strain of about 10 " ata
site 5 km from its fault plane; strain increases
30-fold for each unit increase of magnitude, but
falls off as the third power of distance from the
source. Estimates of pre-seismic slip duration
and amplitude range widely because frictional
parameters of natural faults are poorly known.

A @ 1999 Macmillan Magazines Ltd

Seismologists expect earthquake precur-
sors to take the form of transient crustal-
strain signals from ‘aseismic’ fault slip near
the earthquake’s nucleation point (that is,
fault slip that is too slow to radiate seismic
waves) (Fig. 2). Numerical simulations
show, however, that such signals would be
exceedingly small’. Even the best existing
instruments — borehole strainmeters with
resolution exceeding a part per billion —
would need to be within a few kilometres of
the impending earthquake’s epicentre to
detect this aseismic strain. Although strain
changes preceding two California earth-
quakes have been identified™”, they don’t
resemble the expected signals.

Proponents of earthquake prediction
maintain that changes in radon emission,
or in electrical or magnetic fields, represent
a natural amplification of pre-earthquake
deformationunder special geological condi-
tions. For example, the conductance by rock
fractures of water or gas is proportional to
the third power of the fracture’s aperture’.
Fluid flow past ions adsorbed on rock sur-
faces produces an electric field, termed a
‘streaming potential) that varies with pres-
sure gradient and permeability”. Fluid, gas
or electromagnetic measurements might
thus detect deformation indirectly, albeit at
localized sites and with amplitudes related
nonlinearly to strain.

Silver and Wakita® list many potential
examples of such pre-earthquake ‘strain
indicators’ Unfortunately, these indicators
are irreproducible: they can be detected only
in certain locations, but in any one location
earthquakes recur infrequently. What is
needed is evidence that transient strain leads
consistently, if not linearly or uniformly, to
observable phenomena. The radon, electri-
cal and ground-tilt measurements from
Roselend lake constitute this kind of repro-
ducible evidence.

The shallow crust’s reaction to large
changes in lake level may also illuminate the

NATURE VOL399|13 MAY l999j\s‘\\w.nalurc.c0m
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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.cnrit/ GNDT/PS | [/UNI CHI/rel990703.html
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Plastino, W. et al, 2010. Uranium groundwater anomalies and L'Aquila earthquake, 6th April 2009 (Italy), Journal of Environmental
Radioactivity, 101, 45-50.
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Plastino, W. et al, 2010. Uranium groundwater anomalies and L'Aquila earthquake, 6th April 2009 (ltaly), Journal of Environmental
Radioactivity, 101, 45-50.
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Plastino, W. et al, 2010. Uranium groundwater anomalies and L'Aquila earthquake, 6th April 2009 (ltaly), Journal of Environmental
Radioactivity, 101, 45-50.

==ROMA
ASTRE Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security

VERSITA DEGLI STUDI

S
=L



http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728
http://agenda.infn.it/contributionDisplay.py?contribId=9&confId=1728

giornate romane
su particelle e
fisica applicata

- Istituto Nazionale
I3t June 201 1, Rome, Italy di Fisica Nucleare

238U and >*Th activities in LNGS rock

Hall Activities (ppm)

2381 232
A 6.80 £ 0.67 2.167 £ 0.074
B 0.42 +£0.10 0.062 £ 0.020
C 0.66 £0.14 0.066 + 0.025

Wulandari, H. et al.,, 2004. Neutron flux at the Gran Sasso

underground laboratory revisited. Astroparticle Physics, doi:
10.1016/}.astropartphys.2004.07.005

U109g/g *HTU ¢ pMC d13C 9, 3%H 9/, 3180 o/, pH ORP/mV EC pS/cm
E1l 0.29 + 0.01 6.6 + 0.4 59.5+1.0 —-9.64 —72.2 ~10.93 8.2 +0.1 231+22 255.4+ 3.0
E3 1.79 + 0.02 8.8+0.5 57.1+1.0 —6.68 ~74.6 ~11.28 8.2+0.1 23222 169.3 £ 2.0
E3dx 1.47 £ 0.02 112+ 0.6 —74.4 ~11.22 8.3+0.1 228 +22 169.1 £ 2.0
E4 0.54 + 0.01 10.1+0.6 71.7£1.0 —5.74 ~72.6 ~-11.07 8.2+0.1 240 +22 159.1 £2.0

Plastino, W, et al. 2009. Environmental radioactivity in the ground water at the Gran Sasso National Laboratory (ltaly): a possible
contribution to the variation of the neutron flux background, Journal of Radioanalytical and Nuclear Chemistry, 282, 809-81 3.
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Plastino, W. et al, 2010. Uranium groundwater anomalies and L'Aquila earthquake, 6th April 2009 (ltaly), Journal of Environmental
Radioactivity, 101, 45-50.
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Plastino, W. et al,, 201 |. Uranium groundwater anomalies and active normal faulting, Journal of Radioanalytical and Nuclear Chemistry, 288,
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Hydrological Cycle and Water Resources

Development of an integrated view of the water resource management, bridging the evaluation of
the water resources area with the study of the large and basin-scale hydrological cycle

Development of effective, internationally shared tools for public and private institutions for the
correct management of the water resources as well as for planning future development

Development of set of standards for the collection, evaluation, storage and interpretation of the
hydro-meteorological data, with particular regard to extreme events of great potential impact on the
welfare of the population and on the state of the environment
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COSMIC BACKGROUND REDUCTION IN THE RADIOCARBON MEASUREMENTS
BY LIQUID SCINTILLATION SPECTROMETRY AT THE UNDERGROUND
LABORATORY OF GRAN SASSO

Wolfango Plastino! ¢ Lauri Kaihola? ¢ Paolo Bartolomei® « Francesco Bella*

Table 1 The count rate of the set A of teflon vials with benzene volumes of 1. 3. and 5 mL related

a) to surface and underground (italic) laboratories. The labels L and H indicate background and mod-
21 ern standards, respectively.
= Modem
o Couat Count Modern  activity
E 17 rate error activity  error Eff Tinax
®) Sample (cpm) (cpm) (dpm) (dpm) (%) FM M (BP)
TR L1A 0278 0.022
0 ! T J 2 2 S 521 =N2 -
HIA 12.949 0.148 8.853 0.088 80.93 25531503 1 48.200
1 101 201 301 401 501 601 701 801 901 1001 _
Li4 0.059 0.010
Channel HIA 12282 0.144 8540  0.094 76.76 99,734.000 35 54,000
L3A 0.398 0.026
P b) H3A 39.140 0.257 27.068 0.161 8328 17.419.104 43 55900
L34 0.150 0.016
ES H34 38.235 0.254 26.609 0166 8135 44,052.587 69 59,600
E 17 L35A 0.655 0.033
@) H5A 65.206 0.332 45.101 0.209 83.60 10.676.865 57  58.000
L34 0.235 0.020
0 ' ' ' ' ‘ ' ' 54 63.874 0.328 44.464 0.215 8§1.89 28580.867 92 61900
1 101 201 301 401 501 601 701 801 901 1001
Channel ...the best result around the World! >
h | 4‘,“!
Figure 2 The coincidence count rate of guard with sample events recorded at the surface (a) and the '\%
underground (b) laboratories. To a better graphical representation the CPM/Ch of surface (a) and under- \\ /%'
ground (b) laboratories are multiplied by factors I0E+01 and 10E+03, respectively. STRIRERA o oo SRS
RADIUAGTIVITY
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Table 3
Results of the measurements in wide tritium window (Channels 5-200)

Sample in PE vials Count rate (min~") Reference to mean BKG (Bq) Error reference to mean BKG (Bq) Measured EFT Calculated EFT

STD 3006 210.500
1A0 1.418 —0.004 0.001
1BO 1511 0.003 0.001
1Al 1.573 0.007 0.001 ~18 1.2
IBI 1.404 —0.005 0.001 ~18 12.0
1A2 1.418 —0.004 0.001 1.0 214
1B2 1517 0.003 0.001 1.2 222
2A0 4651 0.223 0.015
. .. . 2B0 5.731 0.298 0.017
Trittum in water el 2. 37.79 2.545 0.041 11.4 11.4
2B1 32.74 2.190 0.038 7.3 11.0
A2 55.48 3.783 0.051 17.0 22,9
Wolfango Plastino?® 22 78.58 5.402 0.064 18.1 224
i b 3A0 42.57 2.880 0.044
Nicolae Lupsa , 3BO 42.66 2.885 0.044
3A1 458.1 31.98 0.24 1.1 1.2
4Departmeni 3Bl 453.9 31.70 0.24 11.0 11.0
bN([Ti()”(Il [”Srif“[() | 3A2 8968 6273 043 218 220
3B2 878.5 61.45 0.42 213 218

d  STD *H activity = 12.630 decays min~! =210.500 & 1.100 Bq
* Mean BKG (mean count rate of 1A1-1B2) =1.473 & 0.026 min~!
“Facu g =23.8%

Received Sample notations: 1A0, 1B0 = tap water before e.; 2A0, 2B0 = rain water before e.; 3A0, 3B0 = moisture before e.; 1A1, 1B1 = tap water after l.e.; 2Al,
2B1 =rain water after l.e.: 3A1. 3Bl = moisture after l.e.; 1A2, 1B2 = tap water after h.e.; 2A2, 2B2 =rain water after h.e.; 3A2, 3B2 = moisture 1fte1 he.;

0012

0.01

f

\ |
o:oos W \{V‘!I MDA or MDC/EFT = 095/1 1 ~0.08 Bq kg_l or
W\N%ML\W 0.7TU for lLe. and

=0.95/22 =0.04Bqkg ™! or
0.001 <04 TU for h.e.,

O A

112

0.004

0 S0 100 150 200 250 300 330 400 450 S00 S50 600 650 700 750 800 850 900 950 1,000

Fig. 3. Composite background spectrum of the samples 1A0, 1BO, 1A1, 1B1, 1A2 and 1B2.
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Most of the major floodings occurred in central-eastern Europe are due to a typical Mediterranean
meteorological pattern, the Genoa cyclone
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Oceanographic Processes in the Benthic Boundary Layer

The Benthic Boundary Layer is the dynamic interface between litosphere (seafloor) and ocean
(seawater) where many physical, geochemical and biological processes occur playing an important
role In environmental global change

Geohazards, carbon cycle, heat flow, life generation, climatic oceanography, are only some examples
of local or global processes whose comprehension is today limited

Earthquakes produce short-term effects (landslides and tsunamis) that threaten the lives and
economy of coastal communities, while outgassing of greenhouse gases impact long-term global
climates

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security
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Key point:
ATMOSPHERE AS OBSERVING SITE OF

SOLID EARTH PROCESSES
-GEOPHYSICAL MONITORING-
(seismicity, geomagnetic field)

OCEAN AS SITE OF PHYSICAL,

GEOCHEMICAL AND
BIOLOGICAL PROCESSES

playing important roles in

Benthic Boundary Layer environmental global changes
(e.g., geohazards, carbon
GEOSPHERE cycle, heat flow, life
generation, climatic
oceanography).

Plastino, W. et al,, 2004, The Benthic Boundary Layer, IAEA
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Sketch of the oscillating water mass interface in the BBL. EOW: Eastern Overflow
Water; WW: Western Water; bnl: benthic nepheloyd layer; inl: intermediate nepheloyd layer.

GEOSTAR detected WW for most of the time and events of EOW cascading, as suggested by T/S
peaks, lower gas and radiogenic helium contents and lower radionuclide activities
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Plastino, W. et al,, 2004, The Benthic Boundary Layer, IAEA
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Atmospheric Transport Modeling
Lagrangian particle models compute trajectories of a large number of so-called particles to describe
the transport and diffusion of tracers in the atmosphere

The models simulate the long-range and mesoscale transport diffusion, dry and wet deposition, and
radioactive decay of tracers released from point, line, area and volume sources

The models can be used backward in time to determine the potential source contributions for given
receptors, or forward in time to simulate the dispersion of tracers from their sources

The most suitable resolution of the input data Is equivalent to the characteristic scales in space and
time (scale: typical orders of magnitude) considered to be relevant for the ATM output

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security
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— Spatial and
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temporal scales &
: o ?|
of physical 1 week S es
processes taking 5 EXTra
place in the ,,N Vropig
atmosphere are 1y Svggdies O
closely linked Clo
together 6 hours o]
1 hour ; Y
— A spatial grid l S S ’
resolution of |° . . o
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well to a 1 minute
temporal
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corresponds /
with At = 210 1cm 1m 1km 100km 1000km  1E
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The CTBT Verification Regime

i )

INTERNATIONAL
MONITORING SYSTEM

© CTBTO
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Iype United Former United France China India Pakistan Democratic Total
States Soviet Union Kingdom People’s
Republic of
Korea
Atmospheric nuclear tests
Airburst 13 8 9 0 0 0 0 0 30
Air drop 52 174 1 3 16 0 0 0 246
Balloon 24 0 1 34 0 0 0 0 59
Tower/surface 66 34 10 4 6 0 0 0 120
Barge 35 0 0 4 0 0 0 0 39
Underwater 5 3 0 0 0 0 0 0 8
Total 195 219 21 45 22 0 0 0 502
Fission (Mt) 82 85 4 6 12 0 0 0 189
Fusion (Mt) 72 162 4 4 9 0 0 0 251
Underground nuclear tests
Number of tests 908 750 24 160 22 6 6 1 1877
Yield (Mt) 46 38 2 3 1 90
Total atmospheric and underground tests

Number of tests 1103 969 45 205 44 6 6 1 2379
Yield (Mt) 200 285 10 13 22 530

© UNSCEAR
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During fission of uranium or plutonium in a nuclear reactor, thermal (slow) neutrons are used,
whereas during a nuclear explosion the fission is induced by fast neutrons. The full fission
sequence In a device Is finished within a microsecond.

There is little time for complex activation build-up In a nuclear explosion, whereas there is
sufficient time for production of many activation products in a nuclear reactor

These differences produce different radionuclide abundances. Since a nuclear blast produces
different radionuclide abundances, nuclide ratios may be used for source identification

Wolfango Plastino - Environmental Radioactivity: Methodological Approaches and Applications in Earth and Environmental Physics, and Homeland Security
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Fission yield in % for several nuclear explosion relevant nuclides
(Fission yield is a function of the fissioning nuclide and the incident neutron energy)
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(fission spectrum) neutrons
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Fission Product Half-life Time unit 25U, BU, o PBU, B8, 2Py, 2Py,
31y e 11.934 d 005 006 005 006 005 007
133mXe 2.19 d 0.19 0.29 0.19 0.18 0.24 0.42
133%e 5.243 d 672 553 676 602 697 486
135X e 9.14 h 6.6 5.67 6.97 5.84 7.54 6.18

Cumulative fission yields in % for six fission modes relevant to nuclear explosions, induced by
fission spectrum neutrons (f) and high energy neutrons (14.7 MeV) (he)

133Xe has high production rates and a not too short half-life. Therefore this xenon isotope is the
one most observed in environmental samples
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Atmospheric Nuclear Tests Underground Nuclear Tests
P g Underwater Nuclear Tests
- Infrasonic waves - Seismic waves .
- Hydroacoustic waves
- Radionuclides: particulates & gases - Radionuclides: vented gases . .
- Radionuclides: vented gases
- Possible seismic/hydro-acoustic - Possible  hydro-acoustic/infra-sound . o .
- . - Possible seismic/infra-sound coupling
coupling coupling
- Noise sources: natural and cultural - Noise sources: natural and cultural L)NkOISe sc;urces:t;atuTal and lcultural
roun r K n
background, meteors, volcanoes, background, earthquakes, volcanoes, ;1(: S OT '|e? quahels, VOIEAnoes,
weather, air/spacecraft chemical explosions chemicat explosions, Whaies
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* Backward in time integration

* Release of n particles’h across 24h-
sampling period

e Store surface level , retro-plume”
concentration (=SRS) every 3 hours

\) Station
=24 hrs

stop

End of adjoint Start of simulation

release .
Start of adjoint release

tstart tsto P

(measurement start) (measurement stop)
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PREPARATORY COMMISSION

Field of Regard for the 21 October sample in Yellowknife referring to a ground level atmospheric
injection of '33Xe between 00 and 03 UTC on 9 October, 2006

The scale gives the dilution factor such that an emission of 10> Bq in for example a green-blue
area is consistent with a detection in Yellowknife of 0.1 — | mBa/m?.

This shows that Yellowknife is very sensitive towards East Asia including the DPRK, but not
towards a potential alternate '33Xe source, the Chalk River Laboratory in Ontario, Canada
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| Pure and Applied Geophysics

Radioxenon Time Series and Meteorological Pattern Analysis for CTBT Event Categorisation

WOLFANGO PLASTINO,LZ RomaNo PLENTEDA,3 (GGEORGE AZZARI,1 ANDREAS BECKER,3 PauL R. J. SAEY,
and GERHARD WoTAawA

Abstract—Understanding radioxenon time series and being
able to distinguish anthropogenic from nuclear explosion signals
are fundamental issues for the technical verification of the Com-
prehensive Nuclear-Test-Ban Treaty. Every radioxenon event
categorisation methodology must take into account the background
at each monitoring site to uncover anomalies that may be related to
nuclear explosions. Feedback induced by local meteorological
patterns on the equipment and on the sampling procedures has been
included in the analysis to improve a possible event categorisation
scheme. The occurrence probability of radioxenon outliers has been
estimated with a time series approach characterising and avoiding
the influence of local meteorological patterns. A power spectrum
estimator for radioxenon and meteorological time series was

3
3

and infrasound), two radionuclide technologies: glo-
bal monitoring of radioactive aerosols and of
radioactive noble gases. Atmospheric transport mod-
elling 1s part of the system to establish a source geo-
location capability.

The knowledge of the activity concentration and
isotopic composition of radioactive noble gases in the
atmosphere indicates the nuclear processes governing
their formation. Furthermore, by use of atmospheric
transport modelling (ATM), knowledge of possible
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Atmospheric Transport Modeling Based Estimation of
Radioactive Release from the Fukushima Dai-ichi
Nuclear Power Plant Accident
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Figure 1: Comparison of concentration measurement and simulation of

caesium-137 at IMS station JPP38.
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Figure 2: Comparison of concentration measurement and simulation of

iodine-131 at IMS station JPP38.
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Figure 3: Comparison of concentration measurement and simulation of
caesium-137 at IMS station USP79.
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Figure 4: Comparison of concentration measurement and simulation of
iodine-131 at IMS station USP79.
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Figure 5: Scaling factors at JPP38 for caesium-137 and iodine-131,

i.e. the ratios of experimental measurement and Flexpart simulation.
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Figure 6: Scaling factors at USP79 for caesium-137 and iodine-131,
i.e. the ratios of experimental measurement and Flexpart simulation.
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Conclusions

. there are a lot of demands impossible to solve using an
unilateral approach

The synergy solves a lot of complex problems in theoretical
and experimental Physics...... although 1t can produces a lot of
more complex numerical problems....it I1s a beatiful way to
realize a cooperative approach In order to Increase
communications and cooperations between scientific
communities
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Memoria est thesaurus
omnium rerum et custos

Marcus Tullius Cicero, De oratore (1,5, 18)
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