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The composition and features of radionuclide contamination of solid radioactive waste
(SRW) stored in the western “light” compartment of SRW repository (RSRW) of the SSE
“Chornobyl Nuclear Power Plant” (ChNPP) were studied. Representative samples of SRW
taken from the top layer of materials at 1-m depth were split into four streams, and according
to their physical state, they were classified into two categories: combustible (one stream) and
non-combustible (three streams) ones. After relevant sample preparation was carried out,
the SRW samples were investigated in the ChNPP Laboratory for water-radiochemical mea-
surement in order to identify the radionuclides, which are subject to compulsory certification
according to SRW acceptance criteria valid in the Exclusion Zone. It was stated that SRW
radioactivity levels in the upper layer of western “light” compartment of SWR are, mainly,
determined by radionuclide contents of ¥’Cs, ®Co, **Sr, *Nb, **U, »**U, ! Am, *H and "C.
The parameters of regression dependencies and correlation coefficients between the specific
activity of radionuclides in stream- and integrated (for non-combustible SRW) data samples
compiled of measurement results (above the minimally detectable activity) were estimated.
It was stated that the features of radionuclide contamination spectrum of the SRW in west-
ern and eastern compartments are largely similar ones, that, apparently reflects the typical
properties of the ChNPP operational wastes produced in period from 1978 to 1986, and
which had been stored in mothballed state in the RSRW before the accident at the ChNPP
Unit 4 occurred. However, for such radionuclides as *°Co, **Nb and *’Sr, observable levels
of SRW contamination in the western compartment are significantly higher, than in the
eastern one. At the same time, the specific activity of uranium isotopes #>#%U is several
times lower. It was concluded that the experimental and analytical results obtained in this
work can be used as the source data for the next stage of studies — calculation of scaling
factors and determination of radionuclide vectors needed to certify the difficult-to-measure
radionuclides in the ChNPP SRW packages being transported to their burial.

Introduction

of radiation monitoring, each SRW batch (package) sent
to the burial shall receive a certificate with all indicated

In 2016, the preparatory works of the Chornobyl NPP  characteristics needed by waste acceptance Criteria [1], in-
(ChNPP) radwaste certification at the Industrial Com- cluding specific and total activity of radiologically signifi-
plex for Solid Radioactive Waste (SRW) Management cant nuclides. However, the results of preliminary tests [2]
(ICSRWM) were started in the SRW. Based on the results have demonstrated that directly in the package, standard
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equipment of ICSRWM’s radiation-technological monitor-
ing system (RTMS) allows reliably measuring the specific
activity of gamma-emitters only, such as “Co and *’Cs.
To get out of this situation, the experts of WANO tech-
nical support mission proposed to determine the content
of remaining alpha- and beta-emitting nuclides subject
to certification using scaling factors (SF) methodology
[3, 4]. The procedure of SF values (radionuclide vector)
establishment requires representative sampling of each
separate batch of waste, statistical analysis of quantitative
relationships between the activity of difficult-to-measure
(DTM) and key nuclides (KN), and if needed, correlation-
regression analysis of measurement results [5, 6]. A simi-
lar work was performed for the operational ChNPP SRW
in eastern “light” compartment of SRW repository (RSRW),
which was mothballed before the accident of the ChNPP
Unit 4 in 1986 [7, 8]. The quantitative relationships between
the radionuclide content in SRW contamination spectrum
were established. For all the DTMs subject to declaration,
the SF values were calculated, which allow evaluating cer-
tification activity of radionuclides according to gamma
spectrometry results of KN content on RTMS equipment.

This work is aimed at the study of the CANPP SRW
stockpiled in the western “light” compartment of RSRW,
and obtaining the needed data to characterize their radio-
nuclide composition.

Objects and methods

The investigation was focused on the materials clas-
sified as SRW and stockpiled in the western “light” com-
partment of the ChNPP RSRW. This compartment was
filled with the waste produced during the normal opera-
tion of the ChNPP power Units, or as a result of building-
and reconstruction works in the period from 1978 to 1986
(operational waste). The compartment was mothballed be-
fore the ChNPP Unit 4 accident in 1986. The total amount
of waste accepted for storage made 668 m’ with average
density being 1.5 - 10° kg/m’.

To determine the content (specific activity) of alpha-,
beta- and gamma-emitting radionuclides subject to certi-
fication in accordance with [1], 124 representative samples
were taken. The sampling was carried out by the envelope
method from 9 points (Fig. 1) from up to 1-m depth. After
visual inspection, the material samples were split into four
SRW streams (Table 1). The SRW samples were investi-
gated in the ChNPP Laboratory for radiochemical water
measurement (LRWM). Methods, techniques and charac-
teristics of LRWM devices used to determine the radionu-
clide content (Table 2), are given in [7].
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Fig. 1. Sampling scheme in the western “light” compartment
of the ChNPP RSRW. Dimensions given in mm

Table 1. General characterization of waste materials split
into four streams

Stream no. | Waste materials

Non-combustible

Metal products (impulse pipes of stainless steel
and equipment elements, abrasive discs)

Non-combustible cable products and heat
insulation unsuitable to reuse

Reconstruction waste (sand, concrete, plaster,
etc.) — products of recovery and repair works

Combustible

Wood, rubber, rags, worn special clothing,
4 spent personal protective equipment (PPE),
paper, polyethylene, organic materials (PVC)

Table 2. Methods and instrumentation used in the work

Measurement Radionuclides Devices
method
HPGe gamma-ray
Gamma-ray Co, **Nb, spectrometer SEG-002

spectrometry 137Cs, #'Am (“ATOMKOMPLEX-
PRIBOR”, Ukraine)
Sdiﬁ‘ﬁgon SH,C*,®Ni, | Liquid scintillation
. 20Sr, 1Py counter Hidex 300SL
counting

Alpha-particles

Alpha-particles | **’Np, 2*Pu, spectrometer SEA-01

spectrometry UL Am (“ATOMKOMPLEX-
PRIBOR”, Ukraine)
lOBe’ 59, 63Ni) 9321.’
%Nb, *Tc, ¥I, Mass-spectrometry
1CP mass- 135Cs, 2’Np, > | system Agilent 7500
spectrometry

236,238 243
U, 2% Am,
239, 240, 241, 242Pu

Series ICP-MS
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The parameters of radionuclides specific activity distri-
bution, regression dependencies and correlation coefficients
(CC) between radionuclide specific activity were estimated
in stream- (stream sampling) datasets compiled of measure-
ment results with detectable activity (above the minimally
detectable activity — MDA). To improve statistical reliabil-
ity of estimated parameters in non-combustible SRW and
to compare with similar values obtained earlier for the east-
ern compartment [8], integrated datasets were also analyzed
by way of combining the streaming samples (in a combination
1+ 2+ 3 oronly 2 + 3 in the absence of significant results for
stream no. 1). For the same purpose, the parameters of activ-
ity distribution and CC values were estimated for such pairs
of radionuclides as *’Cs — ©Co, #*U —**U and *He — "C.

All analyzed data samples were preliminarily checked
for availability of abnormal results (according to Grubbs
outliers test, [9]) for confidence level of 95%. The check
was carried out for the logarithm of radionuclide specific
activity, which allowed minimizing erroneous exclusion
of boundary values from the data spectrum of lognormally
distributed radionuclides. The procedure for carrying out
the correlation-regression analysis, testing the hypothesis
for a linear relationship presence between the activity log-
arithms of type Ln(A,,, )=Ln(a) +b-Ln(A,,) and
the procedure for assessing CC reliability, met the instruc-
tions of manual [10] and methodology described in [8].

Results and Discussion

Tables 3 and 4 show the features of radionuclide spec-
trum (for KN and DTM nuclides, respectively) and their spe-
cific activity measured within the RSW content from different
streams. In the rows marked as “1 + 2+3” or “2 + 3, the data
for integrated samples (non-combustible SRW) are given.

As it can be seen, radioactive contamination of the
studied SRW from RSRW western compartment is de-
termined by several radionuclides only, and does not,
practically, differ in this aspect from the SRW stockpiled
in eastern compartment [7, 8]. Specific activity of the rest
radionuclides from those given in Table 2, and which are
subject to certification according to the measurement re-
sults, did not exceed the MDA values of LRWM instru-
mentation shown in [7] (see Table 3 MDA values). From
the Tables 3 and 4 data it is seen that the variation of spe-
cific activity values of radionuclides in waste materials
is very significant and can reach five orders of magnitude
(*°Co, **Nb) within a stream. As it is evidenced by the data
5, 6], this is a typical picture for the SRW producible at the
NPPs. Therefore, when conducting statistical data analysis,
the fact that the density of measurement results distribu-
tion in a representative sample is usually lognormal, is rec-
ommended to take into account. And this, in its turn, dic-
tates the need in analyzing the distribution of not nuclide
activity in the SRW, but its logarithm. This circumstance
was considered within the framework of current work.

If we compare the measured levels of SRW radio-
activity with similar data for the eastern compartment,
the following trends can be noted:

specific activities of **Nb and *°Co in the SRW
streams in the western section are, generally, higher than
in the eastern compartment. For some streams (No. 3 and
4) — within one, in others (No. 1 and 2) — by 1-2 orders
of magnitude. The only exception is stream 3, for which
the specific activity of ®°Co in SRW was at, approximately,
the same level of values, the both are in the range and
in the average value;

a similar trend is observed for *’Cs, *! Am and *°Sr,
but only for combustible SRW. For the rest SRW streams,

Table 3. Characteristics of specific activity of key radionuclides in SRW streams

Specific activity, Bq/k
Radionuclides Stream No. Data amou*nt — pectiic aC,IVI Y 2q7%8
(>MDA) minimum maximum average

1 12 (100) 6.20 - 10* 5.80- 10" 6.52-10*

2 31 (100) 4.11-10" 2.39.- 10" 4.39 - 10

¥7Cs 3 26 (100) 2.62-10" 8.89 - 10+ 1.35- 10"
1+2+43 69 (100) 2.62 - 10" 5.80- 10" 3.62 10"

4 55 (100) 1.84 - 10% 3.81-10* 2.62- 10"

1 8 (66.7) 47.2 1.77 - 10" 3.75- 10"

2 20 (64.5) 14.1 1.25-10" 1.63 - 10"

“Co 3 15 (57.7) 5.37 4.53 -10% 5.16 - 10*
1+2+3 43 (62.3) 5.37 1.25-10" 7.81-10"

4 44 (80) 62.1 1.55 - 10" 1.52 - 10"

Note. * — in brackets, proportion of measurement results is shown > MDA (in % of stream samples number).
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Table 4. Features of specific activity of difficult-to-measure radionuclides in SRW streams

Specific activity, Bq/k
Radionuclides Stream No. Data amount — PECTc actVLLy, a/ke
(>MDA)* minimum maximum average
1 8 (66.7) 7.18 4.36-10% 1.16 - 10*?
2 17 (54.8) 8.82 1.50 - 10*° 1.49 - 10*
*Nb 3 14 (53.8) 5.80 1.05 - 10** 8.78 - 10*?
1+2+3 39 (56.5) 5.80 1.50 - 10*° 6.82-10%
4 37 (67.3) 17.3 3.92 .10 3.97-10"7
1 5(41.7) 13.8 1.14 - 10 2.43.10%
2 11 (35.5) 85.0 6.35-10% 1.34 - 10+
241Am 3 14 (53.8) 74.7 2.62-10% 441 -10*
1+2+3 30 (43.5) 13.8 1.14 - 10* 1.10 - 10*®
4 24 (43.6) 449 1.96 - 10 3.00 - 10*
1 3 (25) 1.56 - 10*? 1.61 - 10* 5.49 .10
2 21 (67.7) 77.0 1.13 - 10*° 1.73 - 10
90Sr 3 11 (42.3) 2.36-10%2 1.15 - 10+ 391-10%
14243 35 (50.7) 77.0 1.13-10% 1.21-10*
4 53 (96.4) 61.5 4.34-10" 3.15-10*
1 1(8.3) 98.0
2 7 (22.6) 1.07 - 1072 1.28 - 10*? 1.18 - 10*2
uC 3 7 (27) 99.0 1.32-10* 1.10 - 10+
1+2+3 15 (21.7) 98.0 1.32-10* 1.13 - 10*?
4 30 (54.5) 1.06 - 10** 1.56 - 10** 1.35-10*2
1 2 (16.7) 8.97 - 10" 1.26 - 107 1.08 - 107
2 14 (45.2) 4.65-10% 3.54.10% 1.39 - 10"
*H 3 11 (42.3) 5.73 - 10% 3.01-10% 1.15 - 10*
1+2+3 27 (39.1) 4.65-10% 3.54-10% 1.27 - 10
4 19 (34.5) 5.12-10% 3.72-10% 1.57 - 10"
1 0 -
2 9 (29) 2.11-1072 2.78 - 107! 1.30 - 107!
BU 3 2(7.7) 4.04 1072 8.79 .10 6.42-1072
2+3 11 (16) 2.11-107? 2.78 .10 1.18 - 10!
4 23 (41.8) 7.92-1073 5.13-107 1.79 - 10!
1 0 -
2 9 (29) 2.50-10 4.80 2.36
28y 3 2(7.7) 9.55. 10" 2.04 1.50
2+3 11 (16) 2.50-10! 4.80 2.20
4 25 (45.5) 6.64 - 1072 7.98 2.72

Note. * — in brackets, proportion of measurement results is shown > MDA (in % of stream samples number).

specific activity of above listed nuclides can be either
higher or lower, than in the eastern compartment;

specific activity of uranium isotopes in non-
combustible SRW of western compartment is, generally,
lower than in the eastern one, from 2 to 20 times for 2*U
and from 2 to 4 times for >**U. For combustible SRW in the
eastern compartment, the lack of available data makes it
impossible to carry out a comparative analysis;

specific activity of *He and "C nuclides in SRW for
all streams in the both compartments is, approximately,
at the same level.

The data in Table 5 show the results of regression ana-
lysis, assessment of CC values and reliability degree of es-
tablished correlation relationships between radionuclide ac-
tivities in the SRW streams. As it can be seen from the data
presented, in 24 cases (41%) only there is a close correlation
with reliable CC. Out of 6 datasets with weak relationship
of radionuclide activities, two interdependencies only can
be considered as reliable ones. In other cases, there is no
correlation between radionuclide specific activity.

The illustrations in Figs. 2-6 supplement the data
in Table 5 and demonstrate the ranges of scattered values
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Table 5. Results of check of presence/absence of linear correlation between logarithms of radionuclide specific activities
in waste contamination spectrum (western “light” compartment)

Correlation coefficient (CC)

No. Radionuclides Stream No. Data amount Regression parameters and its reliability
(>MDA)
Y X Ln(a) b CC Reliability
1 137Cs “Co 1 8 5.65 £ 7.81 0.83+1.44 0.50 £ 0.18 NC
2 137Cs “Co 2 20 6.91 £ 146 0.43+0.19 0.75 £ 0.06 cct
3 137Cs “Co 3 15 8.00 £ 2.59 0.20 £ 0.51 0.23 £ 0.16 NC
4 B7Cs “Co 14243 43 7.37 £ 1.11 0.38 £0.17 0.57 £ 0.07 ccr
5 137Cs “Co 4 44 593 +142 0.65+0.18 0.73 £0.05 ccr
6 9Sr B37Cs 1 3 -26.32 £6.15 | 4.87 £90.79 0.56 £0.26 WC/CC
7 9Sr B37Cs 2 21 0.84 £2.40 0.80 £ 0.24 0.85+ 0.04 ccr
8 9Sr B37Cs 3 11 3.37 £5.19 0.46 £ 0.53 0.55+0.14 WC/CC
9 0Sr B7Cs 142+3 35 1.47 £ 2.10 0.72 £ 0.22 0.75 £ 0.05 CccCr
10 20Sr B7Cs 4 53 2.54+ 191 0.62 +0.18 0.68 + 0.05 CC*
11 9Sr %Co 2 16 7.70 £ 2.40 0.21 £0.28 0.39+0.14 NC
12 0Sr %Co 3 7 9.25 +2.63 -0.21 £ 0.45 0.48 +0.20 NC
13 0Sr %Co 243 23 7.22 + 1.65 0.24 +0.21 0.46 + 0.11 WC/CC
14 90Sr %Co 4 43 6.92 + 1.64 0.30 £0.21 0.40 + 0.09 WC/CC*
15 %“Nb “Co 1 8 -1.21 £ 6.07 095+ 1.12 0.65+0.19 WC/CC*
16 %Nb “Co 2 15 -0.41 % 1.65 0.95+0.20 0.95 £ 0.02 CCt
17 %“Nb “Co 3 13 -0.29 £ 1.90 0.96 = 0.35 0.88 + 0.04 ccCt
18 %Nb “Co 1+2+3 36 -0.62 £ 0.93 0.96 +0.14 0.92 +£0.02 CCr
19 %Nb “Co 4 34 0.46 £ 1.41 0.78 £0.17 0.85 = 0.03 ccCt
20 %Nb B37Cs 1 8 -1.82 £ 6.95 0.56 + 0.68 0.64 £0.14 CCr
21 %Nb B37Cs 2 17 -4.58 + 8.46 1.10 £ 0.82 0.59 +0.11 cct
22 %Nb B37Cs 3 14 2.25+721 0.25+0.81 0.19£0.17 NC
23 %Nb 137Cs 14243 39 -2.01 £4.33 0.75 £ 0.44 0.48 £ 0.08 cct
24 %Nb 137Cs 4 37 0.44 £3.10 0.57 £0.28 0.56 £ 0.08 ccCr
25 ) B37Cs 2 9 -5.68 £ 8.12 0.29+£0.73 0.33+£0.20 NC
26 ) B37Cs 243 11 -544 +6.71 0.26 £ 0.61 0.31 £0.18 NC
27 ) B37Cs 4 23 -6.01 +2.83 0.33+0.24 0.52+0.10 ccr
28 By B37Cs 2 9 -3.69 = 7.79 0.37£0.70 0.43+0.18 NC
29 V) B37Cs 243 11 -3.13+ 647 0.32 £ 0.59 0.38 £ 0.17 NC
30 B8y B7Cs 4 25 -2.71+3.14 0.28 £0.27 0.40 +0.11 WC/CC-
31 B5U %Co 2 8 -1.09 + 3.77 -0.18 £0.43 0.38 + 0.20 NC
32 BU %Co 243 10 -1.77 £+ 2.87 -0.11 £ 0.34 0.25+0.20 NC
33 ) “Co 4 20 -3.05+2.43 0.10 £ 0.28 0.18+0.14 NC
34 By %Co 2 8 1.75+3.77 -0.17 £ 0.43 0.37 £ 0.20 NC
35 =y %Co 2-3 10 1.25+2.83 -0.11 £0.33 0.27 £ 0.20 NC
36 By %Co 4 22 -0.60 = 2.60 0.12 £0.30 0.19+0.14 NC
37 2Am B37Cs 5 -7.61 £ 19.72 1.23 + 1.83 0.78 £0.12 cCt
38 HAm B37Cs 2 11 -0.85 £6.15 0.71 £ 0.61 0.66 + 0.11 cCt
32 ISSN 2311-8253 Nuclear Power and the Environment Ne 3 (22) 2021




Investigation of radionuclide contamination of materials stored in solid radwaste repository

Table 5. Results of check of presence/absence of linear correlation between logarithms of radionuclide specific activities
in waste contamination spectrum (western “light” compartment), Continued

Radionuclides Data amount Regression parameters Correlatiqn coeﬁi c.ie%nt ()
No. Stream No. (> MDA) and its reliability
Y X Ln(a) b CC Reliability

39 HAm B7Cs 3 14 -0.71 £ 4.75 0.67 £ 0.51 0.64 £0.11 CcC
40 Am B37Cs 14243 30 -1.26 £ 3.29 0.72£0.33 0.64 £ 0.07 CcC
41 HMAm B7Cs 4 24 0.31 £2.63 0.61 £0.23 0.76 £ 0.06 cct
42 HAm %Co 1 5 12.48 £ 55.75 | -1.31 £ 10.59 0.05x0.22 NC
43 HAm %Co 2 10 5.51 + 3.67 0.10 £ 0.49 0.17+£0.21 NC
44 HAm %Co 3 9 4.22 +£2.31 0.27 £ 0.49 0.45x0.18 NC
45 HAm %Co 14243 24 4.73 £ 1.82 0.19+£0.30 0.19 £0.13 NC
46 HMAm %Co 4 21 442 +1.73 0.38 £0.22 0.63 £ 0.09 ccr
47 *He %Co 1+2+3 20 6.78 £ 0.82 0.04 £0.11 0.18 £0.14 NC
48 SHe Co 4 17 7.44 + 1.10 -0.03 £0.12 0.13+0.16 NC
49 SHe B7Cs 1+2+3 27 7.32 + 1.69 0.04 £ 0.16 0.09 +£0.13 NC
50 SHe B7Cs 4 19 8.02+1.13 -0.08 £0.10 0.35+0.13 NC
51 uC “Co 1+2+3 13 4.70 + 0.22 0.00 + 0.03 0.05+0.19 NC
52 uc “Co 4 27 4.89 £ 0.16 0.00 £0.02 0.05+0.19 NC
53 uc B37Cs 14243 15 4.69 £ 0.57 0.00 £ 0.05 0.03 +£0.17 NC
54 uC B37Cs 4 30 497 +0.25 -0.01 £ 0.02 0.12 £0.12 NC
55 By By 2 9 -2.91+£0.23 0.97 £0.20 0.97 £ 0.01 CC
56 ) By 243 11 -2.96 + 0.19 0.98 £0.18 0.97 £ 0.01 CC
57 By B8y 4 23 -3.07 £0.21 1.19 £ 0.18 0.95 % 0.01 CC
58 uC *He 243 12 5.01 £0.18 -0.04 £ 0.11 0.24 £0.18 NC
59 uC *He 4 15 4.57 £0.48 0.05 = 0.07 0.42+0.14 NC

Notes. For parameters of logarithm linear regression and CC value, 95% confidence interval for estimating the mean value is given.

Designations in the column “Reliability”: CC* — correlation is present, correlation coefficient is reliable; NC — no correlation;

WC/CC* — correlation is weak, but correlation coefficient is quite reliable; WC/CC~ — correlation is weak and correlation coefficient

is unreliable.

of radionuclide specific activities (data “cloud”) in stream
samples of measurement results with the highest CC value.
According to their form, data “clouds” shown in the figures
have the same typical features as it was earlier highlighted
for the eastern compartment.

For DTM nuclide — KN pairs, the measurement re-
sults were analyzed with taking into account the proba-
bility of having two alternative KNs for one DTM nuclide.
International experience in solving the same problems
recommends making the choice of the most acceptable
KN, based not on the expected similarity of the mecha-
nisms of formation and physicochemical characteristics
of both nuclides, but solely on the presence or absence
of a correlation between the measured activities of radio-
nuclides in waste materials. During the operation of one

or another type of NPP power Unit, as a result of radioac-
tivity transfer through the technological channels in reac-
tor core, its distribution in various rooms and, ultimate-
ly, deposition on various materials, forms those typical
features that are, subsequently, found in the liquid and
solid waste sent for disposal. The examples of such situa-
tions reflected in Table 5 are the correlations established
for individual SRW streams between *°Sr — ®Co (items
14), **Nb — ¥’Cs (items 20, 21, 23, and 24), and > Am —
%°Co (items 46), and, conversely, their absence where
they, theoretically, should be present in accordance with
the known mechanisms of their formation and transport,
namely, between *°Sr — '¥Cs (items 6, 8), >*U/***U — "Cs
(items 25, 26 and 28, 29, 30) and *He/"*C — *°Co (items
47, 48 and 51, 52).

ISSN 2311-8253 SpepHa eHepreTrKa Ta TOBKi/Is Ne 3 (22) 2021 33



O. V. Mykhailov, A. K. Terzi

Acs, Bg/kg
1,0E+07 E
£ % |X
r X| X
1,0E+06 s X
E X X
L % WX A X
1,0E+05 & o oo x4 X% X KA
C X
AT < .- 3 il W P
1,0E+04 ¢ FREEES X
£ o MAJE X 4
g a 27 %
1,0E+03 . = ° Stream 1 |
F A Stream 2
1,0E+02 B Stream 3
[ X Stream 4
1,0E+01 E ]
1,0E+00 1,0E+01 1,0E+02 1,0E+03 1,0E+04 1,0E+05 1,0E+06
Aco, Bg/kg
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Thus, if we summarize the discussion of made results
of correlation — regression analysis, one can conclude that
the regression dependences established in one third part
of datasets of measurement results only can be considered
as satisfactory for DTM nuclide activity certification in the
SRW. At the same time, the data obtained give ground
to consider that the combination of stream samples can
significantly improve the statistical reliability of esti-
mated activity of DTM nuclides, such as **Sr and **Nb
in non-combustible SRW (see Table 5, items 14, 23) using
the established functional dependencies. It should be not-
ed, when evaluating the data for SRW in eastern compart-
ment [7], such a methodological technique provided es-
sential improvement in plausibility of certification results
for a number of DTM nuclides, with considering a small
number of samples with specific activity above the MDA

34 ISSN 2311-8253 Nuclear Power and the Environment Ne 3 (22) 2021



Investigation of radionuclide contamination of materials stored in solid radwaste repository

in individual waste streams. The results of investigated
SRW, which are being stored in RSRW western compart-
ment, confirm, in general, previously obtained data [7] in-
dicating the fact that the specific activity of huge amount
of nuclides subject to certification, is below the MDA. For
¥Cs, ©°Co, *°St, **Nb, **' Am, *C, °H and *>***U measure-
ment results, the established functional dependencies
are, in many respects, similar to the results obtained for
RSRW eastern compartment, including the fact that there
are no relationships for a number of nuclides. This gives
grounds to believe that the levels of specific activity of in-
vestigated radionuclides and their ratios in the spectrum
of radioactive contamination of SRW observable in both
RSRW compartments are typical for the ChNPP opera-
tional SRW, which had been produced during the period
of normal operation of power Units until 1986.

Conclusions

The experimental data obtained in current work
and the results of their statistical analysis allowed as-
sessing typical features of radioactive contamina-
tion of new batch of the ChNPP operational SRW,
which are planned to transport soon for the burial
from RSRW western compartment. Radionuclide con-
tent of studied waste materials, like in the neighbor-
ing eastern compartment, is fully determined by such
nuclides as '’Cs, “Co, *°Sr, **Nb, **'Am, “C, *H,
235238, Contamination levels of SRW by the rest radio-
nuclides from those, subject to compulsory certification,
do not exceed their detection limit (< MDA). For the most
important measurement results, functional dependencies
between radionuclide activities in contamination spec-
trum of waste materials in western compartment in many
respects reflect the same trends and ratios, which were
earlier established for RSRW eastern compartment, in-
cluding the facts of absence of any interrelations for
a number of nuclides.

The data obtained give a ground to expect that the in-
tegrating of stream samples could essentially improve
the statistical reliability of evaluable certified activity
of such DTMs as *Sr and **Nb for non-combustible SRW
in activity of KN (*’Cs and/or *°Co) using established
functional dependencies.

The data gained in this work allow passing to the next
stage of our investigation — evaluation of scaling factors
and establishment of radionuclide vectors, whose absence
does not allow certifying the DTM nuclides at ICSRWM
in SRW packages being transported to the burial from
the ChNPP RSRW.
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HocnimxeHH A pafioHYKIiHOTO 3a0pyIHEHH
MaTepiaiis, o 36epiraloTbca y CXOBMILi TBepANX
pagioaxkTuBHuX BigxoniB Yoproounbcpkoi AEC

Y 2016 p. 6ynu posnouari HigroTodi po6oTu Ans
IIpOBEJEHH XapaKTepusalii TBepANuX pafioaKTUBHUX
Bigxopis (TPB), mo TuMuacoBo 36epiranucs y cxoBu-
wi TPB JICII “Yopro6unbcpka AEC”. 3a pesynpraTamu
“rapsiunx’ BUNPOOyBaHb IPOMUCIIOBOTO KOMIIIEKCY
i3 moBopxenns 3 TPB (IIKIITPB) 6yno BusiBneHO, 110
6esmocepeJHPO B YMAKOBIli IITaTHE YCTaTKyBaHHSA
CUCTEMMU pajiiallifiHO-TeXHOIOTiYHOTO KOHTPOJIIO JI0-
3BOJISIE HaJIITHO BUMIpIOBaTy Ti/IbKM IUTOMY aKTUB-
HiCTh TaMMa-Bunpominosadis *Co i'¥Cs y Bigxomax.
PimenHs npo6neMu 6y0 3alIpOIIOHOBAHO BUXOAAYN
3 MDDKHaApOJZHOTO OCBify: BU3HA4aTy BMICT iHIIUX ajIb-
¢a- i 6eTa-BUNIPOMIHIOIOYNX HYKITi/IiB, IO Hif/IATAIOTH
nacnoprusaniiy TPB, 3a MeTonosnorieio pagioHyKIifHIX
BeKTOpiB (MacmTabHMx koedinientiB — scaling factors).
OpHax Lie BUMAarae JOCTiI>KeHHA KOXXHOI OKpeMoi mapTii
BifIXO[IiB, TPOBeieHHs BUOIPKOBOTO 1a60PaTOPHOrO KOH-
TPOJIIO NIPeCTaBHUIBKIX P06 MaTepiasiB i BCTaHOB-
neHHs (PyHKI[IOHATBHNX B3a€MO3Bs13KiB MiX BMicTOM
PamioOHYKIIiJiB Y 3pa3Kax 3a pe3y/lbTaTaMI BUMipIOBaHb.

Mertoto po60T1 6y/10 IPOBECTI HOCTIAHULIBKI po6O-
TI, PO3IOYATi B “JIETKOMY” CXiJHOMY BifICiKy CXOBMIIIa,
il oTpuMaty HeoOXifHI gaHi mis xapakrepusarii TPB
y CyCifHbOMY 3aXiIHOMY BiJiciKy. PennpesenTaTusHi rpo-
6u marepiasiB 6y/10 BifibpaHO y IeBATU TOYKAX BifCiKy
3 IIMOMHY 70 1 M i po3fizieHo mic/s Bi3yaTbHOTO OIJIsA-

Iy Ha YOTMPU IOTOKM BifXOfiB. BusHauyeHHA MUTOMOI
aKTUBHOCTI pafioHyK/ifiiB y spaskax TPB nposogunmm
y BUMIpIOBa/IbHINl BOJHO-pafjioXiMiuHill mabopaTopii
YAEC 3 BUKOPUCTaHHAM METOfiB anbda-, beTa- i raMma-
CIeKTpoMeTpii, piguuHOI cimHTMIALI Ta ICPM-crek-
TpoMeTpii. Pesynbratu BuMipoBaHb 6y/10 IIpOaHaIi3o-
BaHO 32 JJOIIOMOTOI0 KOPETALITHO-PErpeciiiHOro aHali3y
IiC/IS BifICiBy aHOpMaIbHUX PE3y/IbTaTiB BUMipIOBaHb
3a TectoM I'pab66c¢ca. PesynpraTy BUMipIOBaHb y BUTTIAL]
< MJTA (MeHIIe 3HAaYeHHS MiHiMa/IbHO € TEKTOBAHOI aK-
TUBHOCTI) i3 BUOIPOK JaHMX BUK/TIOYAJIUCh.

BcTtaHoBneHo, mo piBHI pagioakTuBHOCTI TPB
y BepXHbOMY IIapi “7Ierkoro” 3aXifiHOTO BifiCiKy CXOBU-
113, AK i B CYCiJHPOMY CXiIHOMY Bi[ICiKy, BUSHAYAIOTbCS
BMmicToM HyKifiiB '¥'Cs, Co, *°Sr, *Nb,*°U, #%U, **' Am,
*H ta “C. Oco611BOCTi CIIEKTPY pafioHYKIiTHOTO 3a-
6pynuenHs TPB B 060x Bificikax 6arato B 40My CX0Xi,
110, HalO1/IbII IMOBIPHO, BifoOparkae XxapakTepHi Ba-
CTMBOCTI eKCIUTyaTaliitHUX BigxoniB HopHOOMIbCHKOL
AEC, saki yrBOpuaucs B mepiof HopManbHOI po6oTn
eHepro6okiB crauuii 3 1978 no 1986 p. i 6ynu ckmamo-
BaHi 3 KOHCEpBalli€l0 B CXOBMIII 1€ 1O aBapii Ha 4-My
enepro6moui. OfHaK, HOPiBHIHO 31 CXiJHUM BiJICiKOM,
piBHi 3a6pygHeHHs TPB B 3axigHOMY BificiKy #/is Takux
pagionyxmigis, Ak °°Co, **Nb ta *°Sr eicroTHO Bummmu,
a 14 isotomiB ypany »*>**U HaBmakm — B KifnbKa pasis
HIVDKYMMU. 3p0o6/IeHO BUCHOBOK IIPO Te, 10 OTPUMaHi
€KCIIEPMMEHTA/IbHI Ta aHAITUYHI Pe3yIbTaTH MOXYTh
OyTy BMKOPMUCTaHI K BUXIiJHI [JaHi /Il HACTYIHOTO
eTaIy JOC/Ii/)KeHb — PO3PaXyYHKy MacCIITaOHUX Koedi-
LJi€HTiB i BCTAHOB/IEHHA pafiOHYK/iJHIX BEKTOPiB, AKUX
He BUCTa4Ya€ 1A MIPOBeJeHH A MacnopTusaLii pagiony-
kiripgHoro cknagy Hosoi maprii TPB YAEC, sxki na-
HY€ETbCA 3aXOPOHUTIL.

Kirouosi cnosa: Hoprobunsceka AEC, TBepai pagioakTuBHI
BiIXOM, IMTOMA aKTUBHICTD, PafiOHYKIIi/JI, IO BaXKKO
BUMIpPIOIOTBCS, PellepHi paflioHy KTy, KoedilieHT
KOpessnii, koedinieHTy MaciiTabyBaHHSL.
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