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Statistical analysis of radionuclide specific activities in Ignalina NPP technological media and radioactive waste was per-
formed, and the corresponding scaling factors were calculated. The results indicate that radionuclide scaling factors are directly
influenced by the radionuclide generation and migration processes in the reactor as well as by chemical properties of radionu-
clides. Correlations of difficult-to-measure radionuclides to the key radionuclide ®°Co show that radioactive waste streams of
Ignalina NPP can be distinguished according to the calculated scaling factor values. Results indicate that the scaling factor
method can be applied to the RBMK-1500 reactor waste characterization.
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1. Introduction

One of the essential activities of the decommission-
ing of Ignalina Nuclear Power Plant (Ignalina NPP) is
the radioactive waste management. Huge amounts of
radioactive waste were generated at Ignalina NPP dur-
ing the whole operation period since the start of the
first Unit in 1983. Requirements for radioactive waste
management changed in 2001, when new radioactive
waste management norms were set up. Besides other
technological issues of the radioactive waste manage-
ment, it is required to measure and declare the nuclide
content in radioactive waste which must be disposed
of in disposal facilities. Several theoretical nuclide de-
termination techniques such as modelling of activation
in structural components of the reactor core and pre-
diction of the fuel nuclide composition in nuclear fuel
using codes such as MCNP or SCALE can be applied
[1]. However, it is difficult to predict the nuclide con-
tent in very low level, and low and intermediate level
radioactive waste by purely theoretical methods due to
the physical and chemical processes involved in the
radioactive waste generation. Therefore, experimen-
tal measurement techniques have to be implemented.
Moreover, experimental measurements of the nuclide
content are a basic tool for validation of theoretical pre-
dictions [2-5]. However, the practical problem of ex-
perimental determination of the nuclide content in ra-
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dioactive waste is due to a huge amount of radioactive
wastes to be characterized. Therefore, some optimiza-
tion principles have to be implemented in order to make
the whole characterization process feasible and practi-
cable [6].

The aim of this work is to show how the applica-
tion of experimental techniques and implementation
of analysis of waste generation at Ignalina NPP make
it possible to group the radioactive waste into sev-
eral streams which can be characterized by character-
istic scaling factors. In particular, experimental results
of the radioactive waste activity measurement demon-
strate the possibility of the scaling factor application to
characterization of the RBMK type reactor radioactive
waste streams.

2. Radioactive waste generation at Ignalina NPP

A simplified scheme of main streams of the Ig-
nalina NPP radioactive waste generation is presented
in Fig. 1. The reactor core is the main polluting source
due to generation of radionuclides during neutron cap-
ture 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 contamination of the main circulation

ISSN 1648-8504



376

A. Plukis et al. / Lithuanian J. Phys. 48, 375-379 (2008)

Radionuclide generation mechanisms and places

Fission Activation Activation
and activation in of MCC water of reactor
fuel elements constructions
\ \
T~V
MCC Reactor Gaseous circuit
< constructions
8]
§ 7
)
3 DA’
S d
o ’Purificati t G
%) + Purification system as Emissions
8 e of MCC coolant purification |
3 P and drainage water system
(%) 7
N g
, -
A N R
S N e
, ~ -
R P
________________________ R N NN
= 'Y ~ 4 ™
Short-lived lon Perlite, Evaporator Long-lived radioactive
radioactive exchange evaporator concentrate waste: graphite, Zr alloy,
waste resins sediments steel, concrete,
serpentinite
Radioactive waste streams

Fig. 1. Simplified scheme of Ignalina NPP radioactive waste streams. MCC is main circulation circuit.

circuit (MCC) coolant due to direct contact. The con-
taminated coolant from MCC can be further transferred
to the final waste by three main routes: (i) direct con-
tamination due to direct contact with structural materi-
als of NPP, (ii) the loss of a coolant through leakages
to the drainage system, and (iii) the chemical purifica-
tion of a coolant by ion exchange resins and perlite.
Each step of radionuclide transfer from one media to
another (fuel matrix fuel to clad gap, MCC coolant sur-
face of structural materials) imposes some change of
activity concentrations of isotopes of different chem-
ical elements due to different physical and chemical
properties. Therefore, the ratios of isotope activities in
general will be different in a nuclear fuel, reactor core
components, and final radioactive waste. This implies
that isotopes of elements with some common chemical
properties (solubility in water, chemical activity) can be
expected to behave similarly during transport through
technological media of NPP.

3. Experimental methods and modelling

Ignalina NPP technological media — the main cir-
culation circuit and radioactive waste — were investi-

gated by theoretical and experimental techniques. A
list of radiologically relevant radionuclides was com-
piled taking into account their unconditional release
limits [7], half-life (>0.5 years) and relative radiotoxi-
city: ®*Mn, ®Fe, 60Co, %5Zn, 90Sr, 93Zr, 93™Nb, 94Nb,
L0mAo  134Cg 187 238py, 239py, 240py  241py,
241Am, 244Cm [8]

Measurements of the radioactive waste specific ac-
tivity were performed in a broad specific activity range.
Samples for measurements were taken for characteri-
zation of waste streams (Fig. 1): cemented waste, bi-
tuminized waste, solid waste as well as the main circu-
lation circuit, turbine hall equipment, emergency core
cooling system. Measurement techniques were de-
scribed in detail in [8].

In order to extend the range of activity correlation,
theoretical modelling of the spent nuclear fuel nuclide
composition was carried out using T_DEPL sequence
from SCALE 5 code package [9]. One quarter of fuel
assembly with the fuel channel and the surrounding
graphite moderator was modelled using 2D NEWT ge-
ometry for the neutron cross-section calculation. Mir-
ror boundary conditions were used for 4 sides. In or-
der to account for the axial neutron leakage, the stack
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Fig. 2. Correlation of 37Cs and °°Sr specific activities with the
key radionuclide %°Co specific activity in Ignalina NPP radioactive
waste.

height was set to 6.84 m. The 2.6% 23°U initial en-
richment of fuel was used as most common in the Ig-
nalina NPP reactor core. The average burnup was taken
12 MW d/kg U. During refuelling of the core only fuel
assemblies are changed, the fuel channel and graphite
remain in the core. Thus, the fuel channel activation
was modelled for 20 years of continuous operation.
Coolant density was 0.5 g/cm? and temperature 550 K.

4. Results and discussion

The correlation analysis of the measured specific ac-
tivity of above indicated radionuclides was performed.
As the measured activities cover several orders of mag-
nitude, the logarithmic scale has been used. Analysis
results provide information on the coefficient of pro-
portionality (scaling factor) between the key nuclide
60Co and the difficult-to-measure radionuclide. To
evaluate uncertainty of scaling factors the confidence

bands were calculated for each correlation line. The up-
per limit of nuclide specific activity in the sample was
determined from the upper prediction band (Fig. 2).
The correlation coefficient of radionuclides with the
key one in most cases was better than 0.9.

Results presented in Fig. 2 indicate the applicabil-
ity range of determined correlations of specific activi-
ties between the difficult-to-measure and key radionu-
clides. For some radionuclides, e. g., 137Cg, activation
products 54Mn, 5°Fe, 657Zn, 93Zr, 93™Nb, 94Nb spe-
cific activities correlate well with ®°Co specific activ-
ity due to the same generation process in the reactor
core (Fig. 2(a)). However, as one can see in Fig. 2(b)
the linear correlation of “°Sr and %°Co is not very good
in the lower range of activities. When specific activities
are low, the influence of systematic measurement errors
(e.g., lower detection limit) probably becomes more
relevant, and thereby affects the final results. This can
be taken into account when fitting experimental data by
applying some weighting of data points which are sus-
pected to have higher experimental uncertainties.

Analysis of radionuclide activity correlations shows
how radionuclides are transported in the technological
media of Ignalina NPP. The scaling factor value of a
particular radionuclide reflects its mobility in compari-
son to the selected key radionuclide %°Co. One can see
in Fig. 2 that the scaling factor of 137Cs is higher than
that of 9°Sr, therefore 137Cs is more mobile than 2°Sr,
which corresponds to the chemical properties of these
elements. Moreover, Fig. 3 demonstrates how migra-
tion pathway from the generation source to the waste
influences the resulting scaling factor of radionuclides.
One can clearly see in Fig. 3 that the activity ratio of
137Cs to %9Co is by about two orders of magnitude
higher in the liquid waste compared to the one in the
solid waste. This can be understood as the influence of
radionuclide transport processes on the final waste in-
ventory. The liquid waste is directly contaminated by
fission products due to the presence of fuel cladding de-
fects, whereas the path of radionuclides to the solid ra-
dioactive waste is longer, therefore the concentration of
fission products like 137Cs is relatively lower (Fig. 3).

Results of correlation analysis provided in Fig. 3
indicate that waste streams generated by the RBMK-
1500 reactor can be distinguished by the scaling fac-
tor (e.g., for ¥7Cs in Fig. 3). This is the answer to
the question whether the scaling factor method can be
applied to the RBMK-1500 type reactor that is cur-
rently operating in NPP. The results clearly show that
the waste generated in different waste streams (liquid
and solid waste in the case presented in Fig. 3) can be
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Fig. 3. Correlation of '3"Cs specific activity with the key radionuclide °°Co specific activity in Ignalina NPP solid and liquid radioactive

waste.

separated due to different correlation of the radionu-
clide of interest with the key radionuclide. Moreover,
measured specific activities of 37Cs and %°Co in waste
samples in both cases correlate rather well (the corre-
lation coefficient in most cases is more than 0.9). This
means that activity values are close to the correlation
line in a broad activity range and uncertainties of ac-
tivity predictions are kept within an acceptable range,
known from the analysis (Fig. 2).

5. Conclusions

Correlation analysis of experimental data of radio-
logically relevant radionuclides in various technolog-
ical media and radioactive waste of the RBMK-1500
reactor of Ignalina NPP was performed. The analysis
results show that data on logarithmic scales can be ap-
proximated by a linear dependence of the activity of
difficult-to-measure radionuclides to the key radionu-
clide with the correlation coefficient in most cases bet-
ter than 0.9. The calculated correlation is sufficient
to predict the activity of difficult-to-measure radionu-
clides using the key radionuclides. Experimental data
of the radionuclide specific activity in Ignalina NPP
technological media and radioactive waste show that

the radionuclide inventory and resulting scaling fac-
tors of waste streams are influenced by the radionuclide
transport processes governing the waste generation and
chemical properties of radionuclides.
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NUKLIDINES SUDETIES ANALIZE IGNALINOS AE RADIOAKTYVIUJU ATLIEKU SRAUTUOSE

A. Plukis, V. Remeikis, L. Juodis, R. Plukiené, D. Lukauskas, A. Gudelis
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Santrauka

Eksperimentiskai jvertinta Ignalinos AE technologiniy terpiy ir
radioaktyviyjy atlieky nuklidiné sudétis bei SCALE 5 programiniu
paketu teoriskai sumodeliuota panaudoto branduolinio kuro nukli-
diné sudétis. ISanalizuotos sunkiai matuojamy ir atraminiy radio-
nuklidy savityjy aktyvumy, nustatyty eksperimentiskai ir teorinio
modeliavimo biidu, koreliacijos, apskaiCiuoti proporcingumo dau-
gikliai jvairiems Ignalinos AE atlieky srautams. Analizés rezul-
tatai rodo, kad proporcingumo daugikliy vertés tiesiogiai atspindi

radionuklidy susidarymo ir pernaSos procesus reaktoriuje bei radio-
nuklidy chemines savybes. Sunkiai matuojamy radionuklidy savi-
tujy aktyvumy koreliacija su atraminio °°Co radionuklido savituoju
aktyvumu rodo, kad Ignalinos AE radioaktyviyjy atlieky srautai
gali biti atskiriami pagal i§matuotas ir/ ar apskaiciuotas proporcin-
gumo daugikliy vertes. Gauti rezultatai rodo, kad proporcingumo
daugikliy metodas gali buti naudojamas Ignalinos AE atliekoms
charakterizuoti.



