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This pa per pres ents re sults of the de vel op ment of a small-sized free re lease mon i tor de signed
for the re lease of ma te ri als, var i ous hand tools, equip ment and in stru ments of nu clear en ter -
prises and lab o ra to ries staff that weight up to 50 kg, from ra di a tion con trol. To in crease the
reg is tra tion sen si tiv ity of con trolled radionuclides, 12 scin til la tion units based on a 3" ´ 3"
sized NaI (Tl) crys tal were used as gamma-ra di a tion de tec tors. Vol ume of the mea sur ing
cham ber of the mon i tor amounted to 200 L, the cho sen thick ness of the low-back ground
shield ing was 50 mm. The val ues of the min i mum de tect able ac tiv ity of the de signed mon i tor
for the point sources 123I, 131I, 99mTc, 18F were better than 100 Bq with mea sure ment time not
ex ceed ing 60 sec onds.
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IN TRO DUC TION

In the course of its life, any nu clear fa cil ity (nu -
clear power plants, fuel cy cle pro cess ing plants, nu -
clear lab o ra tory, med i cal or ga ni za tions, etc.), in ad di -
tion to its main prod uct, gen er ates var i ous pro duc tion
waste (work clothes, shoes, tools, com puter equip -
ment, ma te ri als re lated to the work of per son nel and
etc.). In ad di tion to ac ti vated or con tam i nated ma te ri -
als that must be evac u ated and dis posed of as ra dio ac -
tive waste, a large amount of non-ra dio ac tive ma te ri als 
can ei ther be re cy cled or re leased into free cir cu la tion
[1]. The pur pose of free re lease mon i tor ing is to re duce 
the amount of ra dio ac tive waste re quir ing dis posal.
This task re quires the de vel op ment of pro ce dures and
cri te ria for such re lease, along with the de vel op ment
of equip ment, to en sure highly ef fec tive con trol of
con tam i na tion of ob jects and ma te ri als at all stages.

As a rule, free re lease mon i tors (FRM) de signed
for these pur poses rep re sent a mea sur ing cham ber with
the vol ume up to 400 L, where the mea sured ob jects are
placed, sur rounded by pas sive shield ing pro tec tion for
screen ing from ex ter nal back ground. To mea sure the
ac tiv ity of gamma-emit ting radionuclides in a FRM,
gamma-ray de tec tors based on plas tic scin til la tion ma -
te ri als are usu ally used [2-4]. The low res o lu tion of such 
de tec tors ac tu ally makes it pos si ble to mea sure only
137Cs and 60Co by the ra dio met ric method in win dows.

The ex ist ing de sign of mod ern FRM is con tin -
gent on two main fac tors. The first is the stan dards for
re lease from ra di a tion con trol es tab lished by the IAEA 
[5, 6], as well as by re gional reg u la tory bod ies. For ex -
am ple, the EU has adopted the Euroatom di rec tive [7]
and the rec om men da tions of the Eu ro pean Com mis -
sion [8, 9] which also es tab lish norms for re lease from
reg u la tory con trol, and some what dif fer from the
IAEA stan dards. The sec ond fac tor is the size and
through put (kg or tons per hour) of con trolled ob jects.

In some cases, for ex am ple, in ra dio log i cal cen -
tres and nu clear med i cine clin ics, it is of ten nec es sary
to per form mea sure ments as so ci ated with the re lease
from reg u la tory con trol of ma te ri als and in stru ments
not only for rel a tively long-lived radionuclides, such
as 137Cs and 60Co, but also for short-lived ones, such as 
131I, 99mTc, 177Lu, 123I, 18F, etc. [10, 11]. Typ i cally, the
mass of the mea sured ob jects in such ap pli ca tions does 
not ex ceed 50 kg.

This task re quires not only a high reg is tra tion ef -
fi ciency of the con trol ling mon i tors, but also en ergy
res o lu tion suf fi cient for the min i mum de tect able ac tiv -
ity (MDA) of the FRM to al low mon i tor ing of sam ples
with high through put. For ex am ple, the di rec tive [7]
im plies the MDA of such FRM should not be worse
than  100  Bq for 137Cs and 60Co and not worse than
500 Bq for 131I. The mea sure ment time in prac tice,
how ever, should not ex ceed a few min utes in or der to
en sure high through put. To solve this prob lem, the use
of plas tic scin til la tors is dif fi cult be cause of the low
en ergy res o lu tion and, as a con se quence, low MDA.
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This work is de voted to the re sults of the de vel -
op ment of a small-sized highly-sen si tive FRM de -
signed to re lease ma te ri als, var i ous hand tools, equip -
ment and in stru ments for per son nel of nu clear
fa cil i ties and lab o ra to ries weigh ing up to 50 kg, from
ra di a tion con trol. The main pur pose of the pa per was
to study the pos si bil ity of im prov ing the MDA for con -
trolled radionuclides in com par i son with the ex ist ing
an a logues [2-4] and prac ti cal dem on stra tion of im -
proved MDA char ac ter is tics in the de vel oped FRM.

IN CREAS ING THE EF FI CIENCY OF
RADIONUCLIDES REG IS TRA TION

For the de vel op ment of FRM for small-sized ob -
jects with im proved MDA char ac ter is tics, the guide -
lines of the di rec tive [7] were taken as a ba sis. The
MDA of radionuclides in a par tic u lar de vice is al ways
de ter mined by the num ber and sen si tiv ity of the de tec -
tors used, their en ergy res o lu tion, low-back ground
shield ing, and the mea sure ment time. To in crease the
reg is tra tion ef fi ciency and en ergy res o lu tion of the de -
vel oped de vice, in stead of the com monly used plas tic
scin til la tors [2-4], we used 12 smart de tec tion units
(SDU) based on a NaI (Tl) 3" ´ 3" crys tal (with a
Hamamatsu R6233 photomultiplier) with a built-in dig -
i tal MCA [12] and a high-volt age power sup ply. The en -
ergy res o lu tion of each SDU at the 662 keV line was not
worse than 7 %. To con nect the SDU to a PC, a stan dard
in dus trial RS485 in ter face with a half-du plex scheme
was used, which al lows si mul ta neous start/stop of spec -
trum ac qui si tion on all 12 SDU. Thus, the de vel oped
FRM is ac tu ally a 12-chan nel spec trom e ter.

The gen eral view of the de signed FRM is shown
in fig. 1, and its func tional block di a gram is shown in

fig. 2. The FRM is a mono lithic box con struc tion with
di men sions 800 mm ́  800 mm ́  1300 mm based on an 
alu minium pro file frame. In side the frame, there is a
500 mm ´ 500 mm ´ 800 mm mea sur ing cham ber
made of stain less-steel sheets with a door for load ing
the in spected sam ples in side. To en sure that the en tire
area of the mea sur ing cham ber is cov ered with sen si -
tive de tec tors max i mally evenly, two SDU were
placed on each side wall, so that the cen tres of the de -
tec tor crys tals lie in the cen tre of the up per and lower
halves of the wall, re spec tively.

To re duce the in flu ence of gamma back ground
on the FRM mea sure ment re sults, the mea sur ing
cham ber is sheathed on the out side with lead plates
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Fig ure 1. Gen eral view of the de signed FRM

Fig ure 2. The FRM func tional
flow di a gram



(in clud ing the door), form ing a con tin u ous low-back -
ground lead shield 50 mm thick. Ad di tion ally, the
FRM is equipped with a barcode scan ner and a printer.
The weight of the loaded sam ples is de ter mined by
elec tronic scales built into the cham ber. The to tal mass
of the de vice with the lead shield ing was 2800 kg.

The FRM soft ware and op er a tion al go rithm

To con trol the de vel oped FRM, a spe cial ized
GammaPro [12, 13] soft ware was cre ated that per forms
the ac qui si tion and ac cu mu la tion of spec tra, cre ates/ed -
its a work ing li brary of nuclides, ef fi ciency cal i bra tion,
makes anal y sis of the spec tra and re port out put.

The op er a tion al go rithm of the de vel oped FRM is
quite sim ple. Rect an gu lar con tain ers with tools or ma te -
ri als weight ing up to 50 kg, are placed into the mea sur ing
cham ber. The weight value, which is de ter mined by the
scales built into the cham ber, is au to mat i cally trans ferred
to the GammaPro soft ware for fur ther cal cu la tions. A
12-chan nel gamma spec trom e ter ac quires gamma ra di a -
tion spec tra of ob jects placed in the cam era. The FRM
con trol soft ware anal y ses the ac quired spec tra for the
con tent, ac tiv ity and MDA of 131I, 99mTc, 177Lu, 123I, 18F,
137Cs, 60Co and other nuclides. Af ter cal cu lat ing, the pro -
gram gives the user a re port and a de ci sion on the re lease
of the mea sured ob jects from ra di a tion con trol. If the ac -
tiv ity of the nuclides ex ceeds the norm for re lease, then
the re port in di cates the date when the ac tiv ity due to de -
cay will be be low crit i cal. Based on the anal y sis re sults, a
bar code is formed, which can be printed and glued to the
sam ple. The barcode scan ner is used to read the barcode
glued on the mea sured ob ject and dis play the in for ma tion 
en crypted in it, in a spe cial in for ma tion win dow.

CURVE OF FRM REG IS TRA TION
EF FI CIENCY 

The to tal curve of reg is tra tion ef fi ciency from all
12 FRM de tec tors was cal cu lated by the Monte Carlo
method us ing the MCC-MT pro gram [14]. In the cal cu -
la tion model, it was as sumed that the point source is lo -
cated in the cen tre of the mea sur ing cham ber. The cal cu -
la tion re sults in the range of 50-2500 keV are shown in
fig.  3. As can be seen from the graph, the reg is tra tion ef -
fi ciency curve has a clas si cal form, typ i cal for de tec tors
based on NaI(Tl). In this case, the max i mum FRM reg is -
tra tion  ef fi ciency falls within the range of 100-500 keV,
which in cludes all the en ergy lines of the short-lived iso -
topes 131I, 99mTc, 177Lu, 123I, 18F.

Re search of MDA of the
de signed FRM

The MDA is an im por tant char ac ter is tic of any
spec tro met ric sys tem. For the level of con fi dence p =
=.95 %, MDA can be rep re sented as [15]

MDA
B

IT
=

+27 4 65 1 2. . ( ) /
bg

e

where e is the reg is tra tion ef fi ciency for a given en -
ergy, I – the line in ten sity, T – the mea sure ment time,
and Bbg – the num ber of pulses within the range of the
peak mi nus the num ber of pulses in the area of the
peak.

The MDA was cal cu lated from the back ground
spec trum for the most in tense lines of 131I, 99mTc,
177Lu, 123I, 18F, 137Cs, 60Co nuclides. The back ground
spec trum is shown in fig. 4. The mea sure ment time
was 30 minutes. From the back ground spec trum, the
count rates were de ter mined in the cor re spond ing ar -
eas of peaks of the nuclides in ques tion.

The re sults of cal cu lat ing the MDA of the de -
signed FRM for var i ous radionuclides are pre sented in 
tab. 1. As can be seen from the ta ble, the FRM, due to a
sig nif i cantly higher res o lu tion of the ap plied de tec -
tors, makes it pos si ble to mea sure the ac tiv i ties of not
only 137Cs and 60Co, but also short-lived med i cal
radionuclides. For a mea sure ment time of 90 seconds
this FRM pro vides MDA val ues better than 100 Bq for
all stud ied nuclides, ex cept for 177Lu. The higher
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Fig ure 3. Reg is tra tion ef fi ciency curve of the de vel oped
FRM for a point source lo cated in the cen tre of the
mea sur ing cham ber

Fig ure 4. Back ground spec trum of the de signed FRM,
ac qui si tion time 61755 seconds



MDA val ues for 177Lu are due to the fact that its most
in tense line at 208.3 keV is su per im posed on the rather
in tense line at 238 keV (232Th), which is pres ent in the
back ground spec trum.

Anal y sis of the char ac ter is tics ob tained in re la -
tion to the ex ist ing Di rec tives [5-9] shows that the de -
vel oped FRM meets all the ex ist ing stan dards for
gamma-emit ting nuclides in terms of ra di a tion clear -
ance and re lease from ra di a tion con trol.

CON CLU SION

As the re sults of the work showed, the MDA of
the de vel oped FRM quite al lows it to be used to re lease 
from reg u la tory con trol of ma te ri als and in stru ments
in lab o ra to ries and cen tres of nu clear med i cine in ac -
cor dance with the EU reg u la tions. The val ues of the
min i mum de tect able ac tiv ity of the de vel oped mon i tor 
for pre ci sion sources of short-lived radionuclides 123I,
131I, 99mTc, 18F are better than 100 Bq with a mea sure -
ment time not ex ceed ing 60 sec onds. At the same time, 
the through put of FRM, re ferred to the stan dards spe -
cif i cally for 137Cs and 60Co, is about 1500 kgh–1 or
about 30 sam ples per hour. In the case of anal y sis only
for short-lived radionuclides, the through put of the de -
vel oped FRM can be sev eral times higher, de pend ing
on the den sity of the ma te ri als un der study.
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18F (511 keV) 49 38.5

137Cs (661.8 keV) 121 98
60Co (1332 keV) 108 87
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POBOQ[AWE  MINIMALNE  DETEKTABILNE  AKTIVNOSTI  MONITORA 
KONTAMINACIJE  ZA  PREDMETE  MAWIH  DIMENZIJA

U radu su prikazani rezultati razvoja monitora kontaminacije male veli~ine,
projektovanog za potrebe osloba|awa od radijacione kontrole materijala, razli~itih ru~nih alata,
opreme i instrumenata iz nuklearnih postrojewa i laboratorija, te`ine do 50 kg. Radi pove}awa
osetqivosti detekcije radionuklida merewem gama zra~ewa kori{}eno je 12 scintilacionih sondi sa
NaI(Tl) dimenzije 3² ´ 3². Zapremina koju mon i tor mo`e da meri iznosi 200 litara, a za{titom od
zra~ewa debqine 50 mm obezbe|uje se nizak fon. Dobijene vrednosti minimalne detektabilne
aktivnosti projektovanog monitora za ta~kaste izvore 123I, 131I, 99mTc, 18F bile su mawe od 100 Bq za vreme 
merewa koje nije bilo du`e od 60 sekundi.

Kqu~ne re~i: mon i tor kontaminacije, minimalna detektabilna aktivnost, efikasnost
..........................detekcije, scintilacioni detektor gama zra~ewa, radioaktivni otpad


