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LOCALIZATION OF THE GAMMA-RADIATION
SOURCES USING THE GAMMA-VISOR
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The search of the main gamma-radiation sources at the site of the temporary storage of
solid radioactive wastes was carried out. The relative absorbed dose rates were mea-
sured for some of the gamma-sources before and after the rehabilitation procedures.
The effectiveness of the rehabilitation procedures in the years 2006-2007 was evalu-
ated qualitatively and quantitatively. The decrease of radiation background at the site
of the temporary storage of the solid radioactive wastes after the rehabilitation proce-
dures allowed localizing the new gamma-source.
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INTRODUCTION

The gamma-visor Cartogam equipped with the
special software [1] was used for the express remote lo-
calization of the y-sources and the dose rate evaluation. It
is of great interest for the studies of nuclear power plants
(NPP), radioactive waste storage sites, spent nuclear
fuel, efc. The gamma-visor can be used for the diagnos-
tics of radiation sources at “hot” facilities as well as dur-
ing nuclear reactor shutdowns. These measurements are
critical for the reduction of the personnel exposure dose
during maintenance and rehabilitation, as well as for the
determination of exposition time for people and equip-
ment in contaminated zones. The gamma-visor allows
the express and remote localization of y-sources even in
the presence of other sources inside or outside the field of
surveillance at NPPs, radioactive waste storage sites and
other nuclear sites.

This work was carried out in the frame of the sci-
entific direction: Development of the techniques of re-
mote integral and differential measurements of radia-
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tion background and its structure at the site of the tem-
porary storage of the solid radioactive wastes in
Ostrovnoi, Russia (fig. 1). The objectives were: the as-
semblage, installation, tuning and adaptation of the
gamma-visor Cartogam to the field conditions of
Northern Russia; radiation measurements at the site of
the temporary storage of solid radioactive wastes
(STSSRW) in order to conduct the monitoring and to
analyze the dynamics of the radiation situation at the
site during the rehabilitation work in 2006-2007; the
evaluation of the relative y-dose rates from the main
sources.

EXPERIMENTAL

Gamma-visor Cartogam produced by CAN-
BERRA[1] consists of aregistration block, a handheld
computer equipped with the software GammaView
4.03, and a 30 to 200 m long protected cable. The reg-
istration block isa 17.7 kg 414 mm long cylinder of
80 mm diameter protected by tungsten alloy. This
block consists of a y-radiation collimator, a4 mm thick
CsI(TI) scintillator and an amplifier. A 0.25 mm inlet
collimates y-quants that are transformed into photons
on the scintilator. After the amplification the photons
are registered with the matrix. For visible light the inlet
works as a lens. It enables obtaining a visible image of
the studied object with the same matrix. As a result,
one can get a visible image combined with the images
from the y-sources. The energy registration range of
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Tripod, h=1m

the detector is 50 keV to 1.5 MeV. The spatial resolu-
tion is from 2.5° for '37Cs to 4.5° for °°Co with the
standard (50° 4 mm thick scintilator) collimator. The
sensitivity for the y-radiation of 662 keV (!*’Cs) is
from 100 nGy/h to 500 mGy/h. The gamma-visor is
equipped with a remote control positioning system.

The gamma-visor can locate y-radiation sources
and determine absorbed dose rates (ADRs) at the de-
tector point. The measurements can be done from a
standard (1 m high) tripod. Images collected from dif-
ferent positions provide better determination of the
y-radiation source locations. The images can also be
collected from a special tower, as it is shown in this
work. The telescopic tower (PA/SM 35.15-020) with
the height variable within 5 to 20 m was established at
the STSSRW southern corner. The detector on the po-
sitioning block was fixed on the top of the tower (fig.
2). In case of bad weather conditions the tower can be
dismounted within 30 minute.

Measurement technique. The measurements at
the STSSRW were conducted from the 1 m high tripod
from the entrance as well as from the 5, 10, 15, and 20 m
tower (fig. 1). A special handheld computer equipped
with the special software GammaView 4.03 was used
for data processing. The control for the positioning
block and data processing can be done remotely from
up to 200 m. The gamma-visor sensitivity decreases
from the center of the image to its periphery. The ADR
error for the point sources is 30% to 50%, which is often
acceptable. Atlong distances the angular resolution can
be insufficient to resolve close y-sources.

Data processing. The first step of measurement
is the visual image (photograph) and the y-image of the
studied object. A high or a low count rate mode can be
chosen for the measurement. In this work the low
count rate mode was used. The y-image processing in-
cludes the variation of certain parameters like segmen-

Tower,
h=5,10,15,20 m

Figure 1. The scheme of STSSRW.
The directions of the Cartogam mea-
surements are shown as arrows

16.06.2005 16:36

Figure 2. General view of the gamma-visor Cartogam
on the tower

tation (separation of sources of different y-intensity),
discrimination threshold (0 to 0.9), energy of the stan-
dard line for the ADR calculation (in this work it was
137Cs — 662 ke V). As an example we can take the ADR
measurement from the 10 m tower for the STSSRW
center (figs. 3 and 4).

In all instances, the ADR measurements were
done according to the following scheme: the visual im-
age (photograph), the y-image (exposition time 15
minutes), the composite image. It resulted in the pic-
ture with the y-spots of the calculated ADRs depend-
ing on the chosen discrimination threshold 0.0-0.9.
The images for the zero discrimination threshold and
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Figure 3. Composite images for the gamma-dose rates at the discrimination thresholds: (a) 0,0 and (b) 0.5. The
gamma-dose rates were registered in the point of the gamma-visor location on the 10 m tower

Figure 4. Composite images for the iso-impulse count rates at the discrimination thresholds: (a) 0,0 and (b) 0.5. The mea-
surements were done from the 10 m tower

ADR calculated for '37Cs (662 keV) are given in (fig.
3a). The optimal discrimination threshold was 0.5. It
yields a picture with the y-spots reduced to the object
size (fig. 3b). A more precise location of the y-source
can be drawn at the discrimination threshold of 0.9.

To evaluate an ADR at a y-source one has to
know the distance to this source and the information
on other y-sources around it. This evaluation was done
in this work (tab. 1). The ADRs calculated in this work
were compared to the results of the dosimeter mea-
surements [2].

In all instances the composite images for the
iso-impulse count rates at the discrimination thresh-
olds 0, 0.5, and 0.9 were obtained as well. These im-
ages indicate the dose rate gradient using colors (fig.
4). The composite images for the iso-impulse count
rates at the high discrimination thresholds also allow
more precise locating of the y-source (fig. 4b).

Figures 3b and 4b show that the brightest
y-sources are: TK113, TK35, ZhB1, and Suz4.

RESULTS AND DISCUSSION

All ADR measurement results at the STSSRW
can be presented as following: (a) a black and white
visual image; (b) an original (unprocessed) y-image;
(c) aprocessed y-image; (d, e, f) composite images for
the y-dose rates at the discrimination thresholds 0, 0.5,
and 0.9; (g, h, 1) composite images for the iso-impulse
count rates at the discrimination thresholds 0, 0.5, and
0.9 (see, for example, [3]).

The discrimination threshold variation enables
displaying the maxima of the y-peaks and the shapes of
the sources (figs. 3 and 4). Despite the fact that the
main y-sources at the STSSRW were determined ear-
lier using dosimeters [2], these data were specified
more accurately in the present work using the
gamma-visor Cartogam. The present results show that
the brightest sources at the STSSRW were K10,
TK113, containers 35, K15, Bet2, Bet4, ZhB1, and
Suz4, what agrees with the dosimetric data [2]. It was
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Table 1. Gamma-source at the STSSRW. Distance tower-source x [m], tower height 4 [m], and relative absorbed dose
rates* calculated on the basis of the gamma-visor measurement data [mGy/h| for the discrimination thresholds 0 (0.5)

, June 2006 June-August 2006 | September-October
Object x [m] h [m]
Absorbed dose rate [mGy/h]
5 51.3(9,8)
. Not observed Not observed
Metal container K10 21 %g %ggg 8;8 (background level) (background level)
5 12.4 (2.4)
. 10 21.2 (4.6) 10.6 (2.6) (1.1)
Metal container 113 19 15 39.8 (7.6) (1.7)
20 (1.5)
. 10 7.2 (3.3) 4.0 (1.9) (1.4)
Metal container K15 9 20 418 (13.5)
10 7.4 (1.2) (1.1)
Transport container 35 24 15 b Nl(()t obseévled 1 (1.1)
20 (background level) (12)

*Absorbed dose rates for the discrimination thresholds 0.5 are given

in parentheses
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found that as the tower height increased the ADRs for
K10, TK113, and K15 grew (tab. 1). This can be ex-
plained by the fact that the upper parts of these con-
tainers are less protected than their bodies. The ADRs
measured at the point of the gamma-visor location al-
low only qualitative evaluation of the real dose rates
around the sources. If the measurements were done

Figure 5. Composite images for the
gamma-dose rates at the discrimi-
nation threshold 0.5, direction — the
center of the area. The measure-
ments were done from the 10 m
tower during the rehabilitation
work at the STSSRW in June-Octo-
ber 2006

from exactly the same position under the same condi-
tions and parameters, the data could be comparable
and qualitative and quantitative conclusions about the
situation atthe STSSRW could be yielded (figs. 5-7).
After the first series of gamma-visor measure-
ments (June 2006), a stage of rehabilitation work on the
protection of the most dangerous sources was per-
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Figure 6. Composite images for the gamma-dose rates at the discrimination threshold 0.5 measured from the tripod (1 m
high) installed at the central entrance at 5 m from the containers before and after TK113 closure in June-August 2006. Di-

rection — containers 109-110

formed. Thus, the upper part of TK 113 was covered by
lead sheets and then it was extra protected with lead
balls. The gamma-visor measurements from the 10 m
high tower in August-October 2006 showed that the
ADR from TK113 was reduced (fig. 5, tab. 1). The mea-
surements from the tripod in June and August 2006
showed a small ADR decrease from TK 113 (fig. 6).
After the removal of the active rod from K10 to
the container 55 in June 2006, the ADR from K10
dropped to the STSSRW background level (fig. 5b).
The ADR from the container 55 also remained at the
background level. After K15 had been covered by lead
sheets, its ADR was reduced about twice (fig. 7, tab.
1). The most active containers located at the STSSRW
entrances (Bet4, Bet8, TK113, L18, L20, L21) were
studied from the close distance (3-5 m, fig. 1) from the
tripod. The shapes and positions of the y-sources in-
side these containers were determined (see [3]).
Unfortunately, the ADR yielded by the gamma-vi-
sor is measured directly at the detector. To evaluate the

ADR P, [mGy/h] at the source one has to use the formula
P,=P-R%, where Pis the ADR gamma-visor, and R — the
distance gamma-visor — source [4]. R [m] can be calcu-
lated as R? = x> + h?, where / is the height of the tower,
and x — the distance tower — source (tab. 1). Thus, for
K10 x = 21 m and 2 = 5, 10, and 15 m at the
discrimination threshold of 0.5 the ADRs P, are 9.8,
22.7, and 28.0 mGy/h, respectively (tab. 1). This indi-
cates a significant anisotropy of radiation from this con-
tainer. For K15 (x=9m, at 2= 10 m and 20 m) at the dis-
crimination threshold of 0.5 the ADRs at the container
are 3.3 mGy/h and 13.5 mGy/h, respectively. The last
value coincides with the dosimeter measurement data for
K15 [2].

The relative ADR P [uGy/h] depends on many
factors not considered in the present work. The first
stage of the work was to draw a correlation between
the gamma-visor data and other measurement data, in
particular, dosimetry data at the STSSRW by NIKIET
[2]. However, the accurate ADRs are difficult to
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June 2006

measure because of the presence of many sources of
different dose rates at the STSSRW. After the
rehabilitation work on neutralization of the most dan-
gerous objects, the gamma-visor will detect the next
intense ones, efc. That was how the container 35 (fig.
5) was detected. Unfortunately, the correlation of the
gamma-visor data and the real ADR at the studied
source has not been drawn yet. This correlation must
exist for the point sources. However, it requires an ex-
perimental confirmation.

All the obtained data agree qualitatively with the
dosimetry data [2] and describe the radiological

Figure 7. Composite images for the gamma-dose
rates at the discrimination threshold 0.5, direction
K15. The measurements were done from the 10 m
tower during the rehabilitation work at the STSSRW
in June-October 2006

situation at the STSSRW well enough. These data al-
low planning the rehabilitation work and fulfilling
proper monitoring during the work.

CONCLUSIONS

The assemblage and installation of the
gamma-visor Cartogam with the mechanical position-
ing block on the top of the telescopic tower close to the
STSSRW allowed the registration of y-radiation from
the individual sources from the same position in differ-
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ent periods of time. As a result, a technique of the
remote monitoring of the radiation situation at the
STSSRW during the rehabilitation work was elabo-
rated.

The search of the main y-radiation sources at the
STSSRW was carried out using the gamma-visor
Cartogam equipped with the special software
GammaView 4.03. The relative ADRs for different
y-sources before and after the rehabilitation work were
measured. It allowed a qualitative and quantitative
analysis of the effectiveness of the rehabilitation work
at the STSSRW in 2006.

— It was found that after the partial closure of
TK113 and K15 by lead sheets in June 2006, their
ADRs decreased about twice. After the extra protec-
tion of the upper part of TK113 by lead balls in Sep-
tember 2006, its ADR decreased twice more.

— After the removal of the active rod from K10 to
the container 55 in June 2006, the ADR from K10
dropped to the STSSRW background level. The ADR
from the container 55 also remained at the background
level.

—Reduction of the general background radiation
at the STSSRW due to the closure of TK113 and K15

and removal of the active rod from K10 during the re-
habilitation work revealed a new y-source — container
35.
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JOKA/IN3ALINJA N3BOPA TAMA 3PAYEIBA IIOMORY TAMA BU3UPA

INpuka3ana je moTpara 3a INIaBHUM H3BOpPHMAa raMa 3padema Ha IPOCTOPY HPUBPEMEHOT
OJIarajfIliTa YBPCTOT PAJUOAKTUBHOI OTHafa. 3a HEKe TraMa H3BOpe, Mpe U IOocie IOCTyIKa
pexabunuTanyje, M3MEpeHe Cy pejlaTUBHE jauymHe arncopOOBaHMX [103a. Y CIENIHOCT TOCTYIKa
pexabunurauuje y nepuopy 2006-2007. roguHa HpoLeHEeHa je KBaJUTATUBHO W KBAaHTUTATUBHO.
Cna6rbeme OCHOBHOT HIBOA 3padyeha Ha IPOCTOPY IPUBPEMEHOT OfJIarajuilTa YBPCTOr pafiuOaKTHBHOT
OTHaja, OMOTYhHJIO je JIOKaIu3aIyjy HOBUX TaMa M3BOPa MO CIPOBEICHOM OOHABIbAMY.

Kmwyune pewu: Kapitiozpam — zama susup, jasura 003e, paouoaxiiuHu oOtilao



