YVIK 621.039.75

doi.org/10.31717/2311-8253.20.1.5

O. V. Mykhailov', V. M. Bezmylov', A. K. Terzi*

nstitute for Safety Problems of Nuclear Power Plants, NAS of Ukraine, 364, Kirova st., Chornobyl, 07270, Ukraine,
2SSE “Chornobyl NPP?, Slavutych, 07101, Ukraine

Analysis of Radionuclide Contamination Features in Solid
Radioactive Waste of the “Light” Eastern Compartment of Solid
Waste Repository of Chornobyl NPP

Keywords:

Chornobyl NPP,

solid radioactive waste,

specific activities,
difficult-to-measure radionuclides,
key nuclides,

correlation factor,

scaling factor.

Chornobyl NPP’s operational wastes accumulated before 1986 accident in State
Specialized Enterprise “Chornobyl Nuclear Power Plant” solid waste repository
(SWR) were studied. Material content of SRW at around 1 m depth in “light” east-
ern compartment was identified. After a visual examination, the waste materials
were split into four streams. Representative samples for laboratory analysis were
collected from each waste stream. Specific activities of 24 radionuclides to be certi-
fied before the waste is disposed at the Plant for solid radwaste treatment, were in-
vestigated. Parameters of correlation between radionuclide activities in specimens
were defined. A statistical correlation can be checked for data set without abnormal
results and results on values of radionuclide specific activities being less than min-
imum detectable activity (MDA). The research results demonstrated that the total
radioactivity of SRW in the outer layer of eastern compartment storage is, mainly,
determined by the content of such radionuclides as ¥Cs, “Co, *°Sr, **Nb, #°U, 28U,
“1Am, *H and "C. The data obtained indicate that the scaling factor method can
be applied to quantify the specific activity of difficult-to-measure (DTM) radionu-
clides in the waste. Specific activity of DTM radionuclides such as *Sr, **Nb and
#1Am can be evaluated with high enough accuracy with using gamma spectrom-
etry of *¥’Cs and/or “Co key nuclides (KN). For the rest DTM radionuclides to be
certified in the waste, their content according to gamma-ray spectrometry data of
KN can be estimated with using Medium Activity Method technique.

Introduction

work period of its power units. Currently, this type of
ChNPP SRW is being stored in the Building No. 85 of

The management of radioactive waste, especially
its safe disposal, is one of the most urgent and complex
problems of nuclear energy at the decommissioning stage
of nuclear power units [1]. One of the essential activities
aimed at decommission of State Specialized Enterprise
“Chornobyl Nuclear Power Plant” (SSE ChNPP) is
the management of historical solid radioactive wastes
(SRW), which have been accumulated over normal

Repository for SRW (RSRW) of SSE ChNPP. The filling
of RSRW compartments was initiated in 1978 and had
been continued before May 2003. Actual SRW nuclide
content under their loading was not identified because
of lacking at that moment of relevant instrumental and
methodical base in the nuclear industry [2]. The rules for
SRW management valid in Exclusion Zone [3] require
identifying radionuclide content of each package (batch)
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of wastes coming for its disposal with determining
specific and total activity of controllable radionuclides,
whose major part refers to difficult-to-measure (DTM)
alpha- and beta-emitters.

The experience accumulated during the Ignalina
NPP [4, 5] decommissioning demonstrated that it is
difficult to predict the nuclide content in very low-level,
low- and intermediate-level SRW by purely theoretical
methods due to physical and chemical processes involved
in waste generation. At the same time, the experimental
measurements of nuclide content are the only tool for
checking any theoretical predictions. As it turned out,
the ChNPP SRW have the same problem. The results
of measuring equipment tests of Industrial Complex
for SSE ChNPP SRW Management (ICSRWM) showed
that calculation algorithms entered into the software
of automated system of radiation-technological control
(SRTC) do not allow correctly certifying DTM specific and
total activity in a waste package [2]. To solve the problem of
SRW characterization, application of scaling factor method
(SEM) for existing SRT'C was recommended by experts
of the International Atomic Energy Agency (IAEA) and
World Association of Nuclear Operators (WANO) [6, 7].

The SFM is widely used and based on development
of a correlation between easy-to-measure (ETM) gamma-
emitting nuclides (otherwise, key nuclides - KN) and DTM
nuclides, which are contaminated by different materials
in nuclear reactor [8-12]. The international standard
ISO 21238:2007 [9] provides a general methodology for
empirical determination of Scaling Factor’s (SF) to evaluate
the radioactivity of DTM nuclides in low- and intermediate-
level radwaste packages. The activities of DTM nuclides in
waste packages are estimated by KN activity measurements
and subsequent multiplication of this value by the SE.
The SF value is calculated as based on established ratios
of radioactive concentrations of DTM nuclides/KN of
radionuclide data obtained by sampling and radiochemical
analysis methods. In practice, the procedure of empirical
determination of SF values includes either sampling of waste
and laboratory analysis of radionuclide content, analysis of
experimental data and selection of KN based on evidence
of correlation, modeling, or in conformity with the proven
practice [11]. If a statistical correlation between the DTM’s
and KN’s is not found, so-called “Mean Activity Method”
(MAM) can be applied [12]. This technique consists of
calculation of arithmetic mean activity of each DTM nuclide
in a sample, including the values being below the minimum
detectable activity (MDA), and allows assessing the upper
bound expected levels of DTM radionuclide activities in a
radwaste package and is used in many countries [8].

This article is aimed at analyzing radionuclide
content of RSRW “light” eastern compartment in order
to establish radionuclide contamination features, which
were a basis for SRW characterization with using the SFM.

Objects and methods

As investigation objects, the material referred to
SRW and stockpiled in “light” eastern compartment
of SSE ChNPP RSRW were used. This cubicle is located
in Building No. 85 of ICSRWM and filled by the SRW
produced of operational wastes originated during the
ChNPP unit work from 1978 before 1986. The wastes were
delivered in this repository in special containers with using
motor transport. The SRW was unloaded in compartments
in bulk method through the hatches located at the RSRW
roof. Low-level operational wastes were stockpiled in two
“light” compartments. Total volume of operational SRW is
evaluated at 1,069 m?, and their summary activity (under
mean filling density making 1.5 - 10° kg/m®) is evaluated at
1.1-10" Bq. Compartment mothballing was realized prior
to Unit 4 accident. Total amount of the wastes received for
storage before compartment mothballing made 668 m’,
under mean density being 1.5-10° kg/m’. Average specific
activity of SRW equals to 70 kBq/g and gives ground to
refer the object under investigation to the low-level RAW.
Calculated total activity of SRW in compartment volume
is evaluated at 7- 10" Bq.

Within the framework of preparation of measures to
characterize the SRW accumulated in RSRW and their next
burial at the Plant for solid radwaste treatment (PTSRW),
unsealing of “light” eastern compartment and sampling
of specimens and laboratory analysis of specific activity
of radionuclides contained in the SRW were realized
on November 16, 2016. After a visual examination, the
waste materials were split into four streams (Tab. 1).
Representative samples for laboratory analysis were
selected from each stream. Tab. 2 shows a list of methods
and devices that were used to determine the content of each
radionuclide to be certified in the SRW according to [3].
Sampling procedure, methods and instrumentation used
in the work, are described in details in [2].

To provide statistical plausibility of evaluated
parameters of regression dependencies of data sub-
selection corresponding to the same DTM-KN pairs, they
were merged into one. The data on values of radionuclide
specific activities being less than MDA were excluded from
the analysis.

At the next data analysis stage it was taken into account
that selected measurement results being analyzed can in-
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Table 1. General characterization of waste materials split
into four streams

Table 2. Methods and instrumentation

used in the work

Stream No. Waste materials

! Metal waste produced as result of recovery and
repair work

5 Rubber products, elastron, cable products and
heat insulation unsuitable to reuse

5 Reconstruction waste (sand, concrete, plaster, wood)
producible as result of recovery and repair work

4 Rags, worn special clothing, spent individual
protection gear (IPG), paper

Radionuclides Measurement Devices
method

HPGe gamma-

Comh, fGammarey |

137, 241 -

Cs, *1Am spectrometry Komplex Prylad”,

Ukraine)

3H, “C,$Ni, |Liquid scintillation |Liquid scintillation

q q
908r, 21Pu counting counter Hidex 300SL

clude potential outliers, which are extremely large or small
relatively to the rest measurement data and, therefore, they
are suspected in misrepresenting the population from which
they were collected. The nature of these derived data can be
diverse one. The potential outliers may occur from tran-
scription errors, data-coding errors, or measurement sys-
tem problems. Based on assumption that these lab measure-
ments (specific activity of DTM and ETM in SRW samples)
belong to normal (Gaussian) distribution, analyzed selec-
tion were checked for abnormality of measurement outliers
according to Grubbs criterion [13]. The hypothesis that we
are testing in every case is that all observations in the sample
come from the same normal population. To determine in
data selection x1 <x2 <x3 < ... <Xn (in growing magni-
tude order) of outliers that occur on the high (Xn) or low
(x1) side, to evaluate the test criterion (Tn or T ), universal
calculation formula (1) shall be always used. Critical values
for the case of 5 percent levels of significance (0.05) are given
in the Tab. 3 (“one-sided” significance levels).

T = (X2 %)) 0
S

237Np 238Pu
> >

Alpha-particles

Alpha-particles
spectrometer SEA-01

HL2BAm spectrometry (“Atom Komplex
Prylad”, Ukraine)
IOBe’ 59, 63Ni’
93 94
QQZr,lnglla;S Mass-spectrometry
Te 51 Cs, | ICP mass- systemAgilent 7500
%7Np, 2*Am, |spectrometry Y 8

Series ICP-MS

235,236, 238U
>

239, 240, 241, 242Pu
>

where x — arithmetic mean of all # values, x,— values
fromx, (lowest) tox (highest) value, respectively, s — es-
timate of population standard deviation calculated with
n — 1 degrees. A condition to delete measurement result
(x,) from data array as an abnormal one was the excess of
T, evaluated on formula (1) of T critical value, is as fol-
lows:

T >T, %)

where T — critical values from Tab. 3 according to data
amount, which are equal to n.

After the result, which has not passed the check (2),
was deleted, calculation on formula (1) was again carried

Table 3. Critical values for T (one-sided test) and 5% significant level [13]

Data amount, n T Data amount, n T Data amount, n T Data amount, n T
3 1.15 12 2.29 21 2.58 35 2.82
4 1.46 13 2.33 22 2.60 38 2.85*
5 1.67 14 2.37 23 2.62 40 2.87
6 1.82 15 2.41 24 2.64 45 2.92*
7 1.94 16 2.44 25 2.66 50 2.96
8 2.03 17 2.47 30 2.75 55 2.99*
9 2.11 18 2.50 31 2.76% 60 3.03
10 2.18 19 2.53 32 2.78% 65 3.06*
11 2.23 20 2.56 33 2.79* 70 3.09

*Values are approximated.
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out for reduced data population. The test was repeated as
long as the data remained after drop-out satisfied the
Grubbs criterion (Tab. 3). These tests shall be used to iden-
tify data points that require their further investigation
only. In accordance with [8, 9], regression dependence
between specific activities of ETM and DTM radionu-
clides, or their logarithms in SRW being analyzed, was
conducted in assumption of available dependence of type
(3) or (4).

Appy =4 'A1b<N 5 (3)
where A . and A — relevant specific activities of DTM

(Y) and KN (X) in sample; a and b — regressions param-
eters (constants) for given DTM-KN pair.

Ln(Appy, = Ln(a)+ b -Ln(Agy) - 4)

In line with [14, 15], for each radionuclide X-Y pair
within the limits of selection (sub-selection) of result-
ed specific activities, the hypothesis was checked about
availability/absence of correlation (b # 0 or b = 0) in the
simple linear regression model for 5 percent level signif-
icance. Under available correlation (b # 0), a measure of
significance of pair correlation coefficient was evaluated
on the law of normal distribution of random variables.
For each regression equation, confidence intervals for a,
LN(a) and b parameters were determined. Reliability rate
of correlation coefficient was defined from inequality (5)
on the results of comparison with a value multiple of its
mean error calculated with the formula (6).

V(X,Y) >30‘r(x,y)‘ . (5)

x,x) (6)

where 7, — correlation between radionuclide activities,
n — number of results with specific activity > MDA. In
case, when inequality condition (5) was satisfied, correla-
tion coefficient was recognized as a reliable one and which
reflects the desired relationship expressed by established
regression equation (4).

Results and Discussion

The results of laboratory studies have stated that the
radioactivity of upper layer of operational SRW materials
being stored in the ChNPP RSRW is determined, mainly,
by such radionuclides as: **’Cs, ©°Co, *°Sr, **Nb, #°U, 234U,
“1Am, *H and “C. Since the measured activities cover sev-
eral orders of magnitude, the logarithmic scale has been
used (see Fig. 1-4). The linear scale of data representation

was used for such pairs of radionuclides as **U — #**U and
*H—"C (see Fig. 5-6). Data relating to different waste
streams is plotted on the graph with various shape dots.
Specific activity of the other radionuclides is below of
corresponding MDA of the equipment used for measure-
ments (see Tab. 2). Such results within the framework of
current report have not represented any special interest
and were excluded from further statistical data analysis.
A correlation analysis of measured specific activity of
above mentioned radionuclides in operational solid waste
of ChNPP was performed. As the Figures show, except for
Stream 2, the number of results with radionuclide specific
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Fig. 1. Correlation of ¥7Cs and $°Co specific activities
in SRW of ChNPP
ASra Bq/kg
1,0E+06 €
1,0E+05 + 5
E O o
1,0E+04 o A//
s At =
1,0E+03 -+ — =" —
F o .27, P a
1,0B+02 + L 8 .
Vbt A o Stream 1
a Stream 2
1,0E+01 o Stream 3
x Stream 4
1’0E+00 1 11111l 1 1111l 1 IIIIIII! 1 1111l
1,0E+02 1,0E+03 1,0E+04 1,0E+05 1,0E+06
ACSa Bq/kg

Fig. 2. Correlation of *°Sr and *’Cs specific activities
in ChNPP’s solid radioactive waste

activity being above the MDA for the samples referring
to different streams, turned out to be low ones. To obtain
more reliable evaluation of features of possible trends, the
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Fig. 4. Correlation of *! Am specific activities with the KN ¥Cs (a) and “°Co (b) specific activities in SRW of ChNPP

data collected for diverse waste streams were united in
one data retrieval.

To summarize the data, the results of correlation
analysis and parameters of established regression depen-
dencies with values of confidence intervals are present-
ed in the Table 4. For the vast majority of radionuclide
pairs, analysis results confirm the reasonableness of such
data combination. These radionuclides include also the
DTM-KN pairs, which are recommended to be used for
DTM’s characterization in SRW packages on the results of
gamma-ray spectrometry [8]. The parameters of obtained
dependencies for alternative DTM-KN (*’Cs and/or *°Co)
options were compared. As the Table 4 shows, there are
some pairs among the radionuclides, which have a close
correlation between their specific activities in measured

range. The pairs are as follows: ’Cs —*Co, *°Sr — *’Cs,
94Nb _ GOCO, 94Nb _ GOCS, 241Am _ 137CS and 235U _ 238U.
That’s certainly understandable, since these radionuclides
are related to the same groups having a common source
of origin. The reactor core is the main contaminant due
to generation of radionuclides during neutron capture, or
nuclear fission and activation of reactor core components.
These radionuclides can be released to the technological
media of NPP due to fuel cladding defects and corrosion
of metal structures of reactor core components and con-
tamination of the main circulation circuit (MCC) coolant
due to direct contact. Each step of radionuclide transi-
tion from one medium to another (fuel matrix to clad
gap, MCC coolant surface to structural materials) results
in some change of activity concentrations of isotopes of
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Fig. 5. Correlation of #*U and #*U specific activities in SRW
of ChNPP

different chemical elements due to different physical and
chemical properties. As result, the ratios of isotope activ-
ities, in general, will be different in nuclear fuel, reactor
core components, and final radioactive waste. This im-
plies that isotopes of elements with some common chem-
ical properties (solubility in water, chemical activity) can
be expected to behave similarly during their transport
through technological media of NPP.

The comparison with criterion (5) has demonstrat-
ed that evaluated correlation coefficients were reliable
for above radionuclide pairs, and, hence, for established
regression dependencies. For *!Am —“Co and “C—°H
pairs, correlation was very low. It is clear, since the radio-
nuclides belong to different groups depending on their
origin nature. The exceptions were for **Nb —'¥Cs pair
only, for which a close correlation dependence was re-
vealed between their specific activities. The detected fea-
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Fig. 6. The lack of correlation between the specific activities
of radionuclides in SRW of ChNPP

ture is, probably, a typical one for operational SRW of
ChNPP within investigated layer of waste materials.

For the rest radionuclide pairs, even after the removal
of abnormal results, no correlation between the data is ob-
served. Therefore, the results of conducted correlation and
regression analysis were also not inserted in the Table 4.
A special mention should be made for the result obtained
by us for the pair of radionuclides CH — "C), which is
shown in Fig. 6. A similar result is not so surprising one,
too. For instance, a reliable correlation between *H and
“C nuclides may not be detected in many cases for waste
streams [8].

In practical aspects, found features of formation of
radioactive contamination of various materials and sta-
ble ratios of radionuclide activities in their mixtures al-
low conducting reliable calculation of activity levels of
DTM radionuclides in the waste packages (certification)

Table 4. The results of established correlation between radionuclides (Y-X) activity in SRW

Radionuclides Regression parameters .
. Correlation

Fig. No. Data amount, n .

Y X Ln(a) b coefficient
1 B7Cs “Co 29 517 = 1,53 0,59 £ 0,30 0,67 + 0,08
2 %0Sr ¥ Cs 32 -0,45+ 3,19 0,84 + 0,34 0,68 £ 0,06
3a *Nb “Co 17 -1,35+£2,23 0,89 = 0,36 0,80 = 0,06
3b *Nb ¥ Cs 17 -4,05 + 3,95 0,81 + 0,40 0,75 £ 0,07
4a MAm 37Cs 14 -4,42 +2,92 1,02 £ 0,30 0,90 £ 0,03
5 U =8 29 -2,61 £0,31 0,81 £ 0,18 0,87 + 0,03

Note. 95% confidence intervals of estimated parameters.
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according to gamma-ray spectrometry of KN content. As
it was highlighted above, the SFM was recommended by
the TAEA and WANO experts for practical implementa-
tion in Chornobyl radwaste [6, 7] characterization. Re-
gression analysis of logarithms is used in such countries
as Germany, Hungary, Lithuania, Mexico and Slovakia
[8]. It is a simple enough technique for definition of SF
value, which corresponds (see Tab. 4) to the coefficient b
in the formula (4). For such forms of results distribution,
which are shown in the Figs. 1-4, it is recommended to
use a second technique to estimate the SF’s value which is
based on the hypothesis that the underlying distribution
of SFs is often log-normal [8, 12]. If SF are log-normal-
ly distributed, the geometric mean SF is a robust central
tendency estimator. When the data points are spread over
several orders of magnitude (as in our case, see Figs. 1-5),
a statistical analysis of activity ratio logarithms makes it
possible to more accurately estimate the median of results
distribution and to obtain a more realistic value of the SF.
This way to determine the SF was used in our work [2].

Finally, if a statistical correlation between the DTM’s
and KN’s is not found, that the MAM can be applied.
This technique consists of calculation of arithmetic mean
activity of each DTM nuclide in a sample, including the
values being below the MDA [12]. The MAM also allows
assessing the expected levels of DTM radionuclide ac-
tivities and is used to characterize the radwaste in many
countries, but it brings to more conservative estimate of
total activity (upper bound values) in a package, as com-
pared to above described method [2, 8].

The results of correlation analysis presented in this
work indicate that for characterization of operational
wastes generated at the Chornobyl nuclear power plant
and those, which had been stored in the storage before
1986 accident, the SFM can also be used. At the same
time, the SRW of ChNPP has characteristics and features
of radionuclide contamination similar to those charac-
teristics of operational SRW of other NPPs, including the
Ignalina NPP with RBMK-1500 reactors.

Conclusions

The laboratory analysis of experimental data enabled
evaluating some typical features of contaminated solid
waste of ChNPP, which were formed during the normal
operation of power units (before 1986 accident), and which
are subject to final disposal in the near future. The analysis
results demonstrate that the data on logarithmic scales can
be approximated by a linear dependence of DTM radionu-
clide activities to the KN with rather narrow ranges of con-

fidence intervals for established correlation parameters. The
calculated correlation is enough to predict with sufficiently
high accuracy the DTM radionuclide activities of such as
*°Sr, **Nb and **' Am, with using the KN (*’Cs and/or ©°Co).

In order to certify radionuclide content and specific as
well as total activity in the waste packages, the availabili-
ty of a good correlation between *’Cs and ¢°Co allows, in
some cases, using the data of °Co gamma spectrometry
instead of ¥’Cs data.

The data on specific activity of other radionuclides do
not permit estimating the parameters of DTM/KN activi-
ty ratio with good accuracy. However, in accordance with
the world practices, they can be used for conservative or
upper limit of SF values with using MAM, which, in case
of its application, would allow certifying DTM radionu-
clide contents in the SRW packages.
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O. B. Muxaiinos', B. M. Beamunos', A. K. Tepsi®

Tucmumym npoGnem 6esnexu AEC HAH Yxpainu,
syn. Kiposa, 36a, YoproGuns, 07270, Ykpaina,
2[ICH «Hoproounvcoka AEC», Cnasymuy, a/c 11, 07101, Yxpaina

Ananis 3aKOHOMipHOCTel pafiOHyK/IiTHOTO
3a0pyaHEeHHA TBepAMX PagiOaKTMBHUX
BigX0fiB «/IerKOro» CXiJHOTO BifICIKy cxOBMIIA
Yoprobuabcrkoi AEC

BignoBigHO 00 KPUTEPiiB HPMITHATT Ha 3 XOPOHEH-
H#, JiI0UMX Y 30Hi Bifaykenna Yopuobmibcpkoi AEC,
KO>KHA YIIAKOBKA TBEP/UX panioakTuBHux Binxonis (TPB),
1o Hamxornuts Bij JICI «Joprobmibepka AECy, moBuaHa
HPOWTH XapPaKTCPU3ALIKD 32 JAHUMU BUSHAYCHHS IIUTO-
MO Ta CyMapHOi aKTMBHOCTI (acriopusanito) Ginbire 20
pagionykmigie. Cepef HUX IIepeBa>kHA YaCTHHA HAJICKUTD
JI0 pafioOHYKJIiIiB, 1110 Ba>kKo BuMipioiotecs (PBB). 3a pe-
3y/IbTaTaMM BUIPOOYBAHD IPOMMUCIOBOTO KOMIIICKCY
3 nopoppkeHHs 3 TPB 6y1o BcraHoOB/IEHO, 1[0 aBTOMATH-
30BaHA CUCTEMA PaflialliifHO-T¢XHOAOITYHOIO KOHTPO/IK)
HE JJ03BO/AE KOPEKTHO BU3HAYMTH aKTUBHICTH PBB B yma-
KoBIIi. J]ns Bupimenns 1iel npo6nemu 6yno IpUHATO
pilieHHA BIIPOBAINTY B TEXHOOTII0 TOBOM>KeHHA 3 PAB
METOMO/OTII0 PajioOHYKIiIHUX BeKTopiB (KoedilienTn
MacuITabyBaHHsd).

Y paMKax HiATOTOBKU 3aXOJiB HIOAO XAPAKTEPU-
sanii TPB i moganbmoro 3axopoHeHHA iX Ha 3aBOI
3 IepepoOKM pafiioaKTUBHUX BifIXO/IiB OY/I0 POBENCHO
PO3KPHUTTS «JICTKOT0» CXiflHOTO Bificiky cxoBuma TPB
(CTPB). Y raru Toukax Bifciky 3 mmbunu no 1 m 6yno
BiftibpaHo penpe3eHTaTUBHI IPOOU MaTepiamiB, sIKi mic-
JI Bi3yaJIbHOTO OIJIsALY Oy/IM PO3JiiieHi Ha YOTHPH HIOTO-
KM BifixoniB. ¥ maboparopHux yMOBax 3pasku Bixopis
6y10 focnizpKeHo Ha BMicT 24 pajioHykmijis, mo mij-
JSITaTh 000BSI3KOBII acopTu3aitii. /s Bu3HaueHHs
IMMTOMOI AKTMBHOCTI PafliOHYK/IifliB BUKOPUCTOBYBA/IN
Metoju anb(a-, 6era- i raMma-creKTpoMeTpii, pigmu-
Hoi cumHTIWIANIT Ta ICPM-criekTpoMerpii. Pesyibra-
TH BUMIpIOBaHb 0y/I0 NPOAaHaNTi30BaHO 32 TOIOMOIOI0
KOPEJALITHO-PErpeciiinoro analri3y 3 BUKOPUCTAHHAM
CTATUCTUYHMX METOZIB BiJICiBy aHOPMAJIbHNUX PE3Y/Ib-
tariB BumipioBanb (kpurepint I'pa66ca). Pesynbraru
BuUMipioBaub y Bursaai «<MJJA» (MeHIIe 3HaYEHH:A
MiHIMaJIBHO HETEKTOBAHOI aKTMBHOCTI 00/IafHaAHHS, IO
BUKOPHUCTOBYBJIOCH) i3 BUOIPOK JAHUX BUKJIIOUAJIUCD.

3a pesy/nbpraTaMi IIPOBEICHOIO JOCIIKEHHS BCTa-
HOBJIEHO, IO PANIOHYKIIIHMI CK/Ia]l BEpPXHBOTO APy
excryaraniriaux TPB JICIT «Yopro6unbcoka AEC»,
HAaKOIMYCHUX 1 3aKOHCEPBOBAHUX HI¢ A0 aBapii 1986
p. B wierKoMy» cxigHomy Bifciky CTPB, pusnauacrbca
BMICTOM Takux pajionykiinis, sak ¥Cs, ©Co, *Sr, **Nb,
250, 81, 2 Am, *H ta “C. IIuToOMa aKTUBHICTb iHITUX
panioHyK/IiIiB He nepesuinye 3Ha4eHb MIIA. OTpumMani
JIaHi CBIYATH PO TE, 10 MeTON KoedilieHTiB MaciiTa-
OyBaHHsA MOXe OYTU BUKOPUCTAHMIA IS PO3PAXYHKY
IIPOTHO3HOTO 3HAYEHH A MIMTOMOI aKTUBHOCTI PBB y Bin-
Xoflax. 3BaXKaluM Ha BUCOKI IIOKa3HMKN KOPe/ALiHOI
3aJICKHOCTI, IMTOMA aKTUBHICTD Takux PBB, ax *°Sr, **Nb
i *'Am, Moxe 6yTH OIiHEHA 3 JOCUTDH BUCOKOIO TOYHI-
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CTIO 33 JIaHVUMM raMMa-CIEKTPOMET Pl peliepHUX pajiio-
uyxnigis *’Cs i/a6o ©°Co. [InTomMa akTMBHICTD iHIINX
PBB, mo mignAraoTs nacnopTusanii y cknazi ynakoBok
BifIXoiB, MOKe O6yTH po3paxoBaHa 3 BUCOKUM CTYIIe-
HEM KOHCEPBAaTUBHOCT] 13 3aCTOCYBAHHAM TaK 3BaAHOTO
METONY CEpPENHbOI AKTUBHOCTI, IO PEKOMEHAYEThCA 3a-
CTOCOBYBATH 32 BiICyTHOCTI Kopenii abo 3a HaABHOCTI
Pe3y/IbTATIiB BUMIPIOBAHD Y BUITLAII «<MJIA».

Knwouoei cnosa: Hoprobwibcbka AEC, TBepiii payrioakTMBHI
BifIX0[1, INTOMA aKTUBHICTh, pajlioHYKIIi/IV, 1O BasKKO
BUMIPIOIOTBCS, pellepHi pajlioHyKIiin, KoedillieHT Kopessil,
KoedirienTn MacnrtabyBaHHs.

A. B. Muxaiinos', B. H. beambinos', A. K. Tep3n®

Hncmumym npobnem 6ezonacrocmu ADC HAH Yxpaunwi,
yn. Kupoea, 36a, HeproOoins, 07270, Yxpauna
2I'CH «Heproboinvcxas ADC», Cnasymuy, a/g 11, 07101, Yxpauna

Anann3 3aKOHOMEPHOCTEN PaJUOHYKIMTHOTO
3arpA3HeHN TBEPAbIX PaAMOAKTUBHBIX OTXOI0B
«71eTKOT0» BOCTOYHOTO OTCeKa XPAHM/IMIIA TBEePAbIX
orxofoB YepHoObnbckoit ADC

J3ydeH coCTaB HKCIIyaTAlMOHHBIX TBEPABIX pa-
auoakTuBHBIX 0TX070B (TPO), HaAKOI/IEHHBIX U 3aKOH-
CCPBUPOBAHHDIX /10 apapuu 1986 r. B «JIcTKOM» BOCTOU-
HOM OTCeKe XpaHwmina Teepapix orxonos (XTO) I'CIT
«Heprobpribckass AJC». Marepuaist, 06pasipl KOTOPBIX
OBUIY M3BJICUEHBI M3 [Ty OMHBI 10 1 M, TOC/Ie BU3YaTbHOTO
ocMoTpa ObUIY pa3JIe/ieHbl Ha YeThIPe MOTOKA OTXOL0B
B COOTBETCTBUM C PEKOMEHYeMOI Kinaccudukaryeit. Ot
Ka>KJIOr0 II0TOKA ObUIM OTOOpAaHbI perpe3eHTaTUBHbIE

06pasiibl OTXOOB I/ MOCIEAYIOMEro 1a60paToOpPHOro
aHanMM3a. B COOTBETCTBUM C KPUTEPUSMU TPUHITHUS
TPO Ha 3axopoHeHMe, HeMCTBYOIMMMY /I 3aBOJa 110
unepepaborke TPO, orobpannbie npobul 6bUIH MCCE-
JIOBAHBI HA COJEP>Kanme B ux cocraee 24 anbda-, bera-
Y raMMa-u3/1yqaloniux pagMoHyKInuIoB, TOJIeKAIIX
nacrnoprusauuu. Ilo JaHHBIM M3MEPEHUN OLCHCHDI
KO2(PUIMEHTB! KOPPEIALUY M HAPAMETPBI PErpeccu-
OHHBIX 3aBUCUMOCTEN JI/IA PaAMOHYK/IUJOB, YPOBHU
YIeIbHOM aKTMBHOCTU KOTOPBIX OKa3a/IUCh BBILIE MU-
HUMAJIbHO ieTeK T pyeMoit aktuBHoCT (M]TA). Boibop-
KM JaHHBIX aHAIU3UPOBAINCH IIOCTIE YAJICHNUS 3HAYC-
Huit B Buje «<MJIA» 1 aHOpMaJ/IbHBIX pe3y/IbTaTOB, HE
yIOBJICTBOpSAIOMUX Kputepuio I'pab6ca. YcranosneHo,
4TO pagnoakTuBHOCTL TPO B BepxHeM c1oe MaTepua-
JIOB, XPAHSANINXCS B «JIETKOM» BOCTOYHOM oTceke XTO,
OTIPEIETISIETCSI B OCHOBHOM COJIEP’KaHMEM TaKUX Paji-
OHYK/INJIOB, Kak ¥ Cs, ©°Co, *°Sr, **Nb, *°U, 24U, **'Am,
*H n “C. IlonyueHHBIC JaHHBIC CBUACTETBCTBYIOT O TOM,
910 METOM KOO PHUITMEHTOB MaCHITAOMPOBAHMUST MOXKET
OBITb MCIOMB30BAH [/IS1 KOTUYECTBEHHOTO OIPE/IC/ICHU S
YICIbHOM aKTUBHOCTHU TPYJHOU3MEPAECMBIX PaIUOHY-
xnpos (TUP) B orxomax. YaenbHas akTUBHOCTD Ta-
kux TUP, kaxk °°Sr, **Nb u ! Am, Mo>KeT ObITh OLIEHEHA
€ JOCTaTOYHO BBICOKOI TOYHOCTHIO 110 JAHHBIM FaMMa-
CIIEKTPOMETPUY PEHEPHBIX pafANOHYKANA0B ¥’ Csu/um
Co. YaenpHas U CyMMapHast aKTMBHOCTb OCTIbHBIX
TUP, nopje>xammx NacIopTU3aLiu B COCTABE YIIAKOBOK
OTXOJIOB, MOKET OBITh PaCCUMTAHA C IPUMCHEHUEM TaK
HA3bIBAEMOT'0 METOMA CPETHEI AKTUBHOCTH.

Kniouesuvte cnosa: YepHoOpuibckast ADC, TBepiible
pajMoaKTUBHBIE OTXOJBI, YAeNbHasI akKTUBHOCTD,
TPyLHOM3MepsIeMble PafVOHYKINABL, PellepHble
PalVIOHYKIIUITEL, K03 OUITMEHT KOppetsiimy, KosddurmeHT
MacuITabypoBaHms.
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