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Tasks
As part of a complex research carried out in the caves of Slovenia during September-
October 2013, the initial gamma measurements were provided for the Grotta Gigante
cave (Trieste, Italy). The full set of observations included gamma dosimetry, gamma
spectrometry and radon measurements.
The targets of the work were the exploration of the possible accumulation of artifact
Cs-137 in deep caves, providing mapping of the gamma doses along guided tourist
routes inside the caves, as well as the collection of gamma spectra in locations with
high levels of concentration of natural radon using a portable radon instrument and a
mobile field gamma spectrometer-radiometer PRS-01.

Instruments
Radiometric and spectrometric instrument PRS–01
PRS-01 is designed for the determination of the qualitative and quantitative
composition of gamma-emission radionuclides in field and laboratory conditions, the
search of radioactive sources and anomalies and gamma-survey of the surface.

The radiometric and
spectrometric instrument
PRS–01 was created taking
into account the IAEA
recommendations stated in
the IAEA TECDOC-1312,
(2002) “Detection of
Radioactive Material at
Borders”, which was jointly
sponsored by IAEA, WCO,
EUROPOL, and INTERPOL,
and the UNECE document
“Recommendations on
Monitoring and Response
Procedures for Radioactive
Scrap Metal”.
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PRS can be used for:
 Radiation monitoring of vehicles, people and luggage
 Radiation monitoring of scrap metal
 Conduction of radiation monitoring
 Application in emergency situations
 Determination of surface contamination by gamma-radionuclides (ground and other

surfaces)
 As a laboratory spectrometer upon Installation into fixed additional shielding and

metrological certification.

Instrument characteristics Values

Energy resolution for 662keV line of
radionuclide Cs-137, %, no more than

8.0

Integral non-linearity of energetic scale,
%, no more than

± 1

Maximum input load, с-1 1·104

Minimal detected activity (MDA) (in
"Marinelli 0.5l" geometry) without
protection, Bq/kg, no more than:
according to Cs-137

28

Operating mode setting time, minutes, no
more than

2

Continuous running time, hours, no more
than

24

Number of amplitude channels, no more
than

1023

Number of recorded spectra 128
PRS dimensions, mm (WхHхD) 70х150х320
PRS mass with accumulator, kg 2.3

Observation routine
For measurements of gamma spectra in caves a two-step method of measurement was
proposed. This includes forward and back steps: the first for the detection and
localization of high levels of gamma dose points and the second for gamma
spectrometry and radon measurements in localized points.
In the case of the Grotta Gigante cave, taking into account the specific configuration
of the cave and the tourist route and the short period of observation, all measurements
were provided using one step. The measurement scheme and radon concentration
and gamma dose values are shown on the map in picture 4.
The gamma dose observation was provided using the PRS-01 tool in free walking
regime with results recorded on the cave map. Gamma spectra and radon
concentration measurements were provided in 10 locations defined as points with
abnormal gamma level or alteration of gamma dose points. The measurement results
are shown in the table below.
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Table 1. Measurement results in caves (PRS-01 No. 49713)

Number (name) of
spectrum PRS-01

Indications
PRS-01 (nSv/ h),

average

Concentration of
radon (Bq/m3) /

error of
measurement,%

Notes

71 120
Below detected

level

Measurement at the
entrance to the
Grotta Gigante
complex, outside.

74 110 252/55 %
Spectrum 74 - 83
were taken in a cave

75 135 253/54 %
77 120 755/36 %

78 180 880
The lowermost point
of a cave of -119 m
from entrance level

79 125 1006/37 %
80 135 252
81 120 450
82 110 130

83 125 2140/<35 %

Measurement in the
natural tunnel. High
level of radon is
constantly detected.

Typical Ra-226/Rn-222 gamma spectrum are shown in pictures 2a and 2b below.
Spectrum collected in Županova Jama cave (Slovenia) with an exposition time of
more than 1000 sec (about 3 hours) were measured for a good resolution. The Pb-214
and Bi-214 nuclides with four main marker picks with energy 241, 291, 345, 609 keV
are very clearly visible on the spectrum. Such daughter nuclides with a half-life of 26
and 19 minutes thereafter can be used for the characterization of source isotope Rn-
222.
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Picture 2a. Spectrum of Ra-226/Rn-222/Th-232 and daughter isotopes.
Linear scale.

Picture 2b. Spectrum (2a) of Ra-226/Rn-222/Th-232 and daughter isotopes.
Logarithmic scale.
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The simple of the spectrum (#78) collected at the bottom of the Grotta Gigante cave
is shown in picture 3.

Picture 3. Spectrum of Rn-222 daughter isotopes in the Grotta Gigante cave.
Logarithmic scale.

Picture 4. Detected levels of radon concentration (green) and gamma-dose (light-brown) in the
Grotta Gigante cave.
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