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Abstract

Relevance. The research discusses the actual risks that can arise from the formation of the radioisotope cobalt
%0Co from the stable isotope >°Co during radiation neutron capture, which is specific to repair work at a nuclear
power plant, but these risks are poorly understood.

Aim. The research aims to analyse the possibility of additional exposure to ionising radiation for the repair
personnel of a nuclear power plant due to the use of a repair tool that may contain cobalt.

Methodology. The physical-theoretical and analytical approaches are used in the study.

Results. A certain risk has been identified as a result of the use of drills or other tools for cutting metal containing
cobalt among the repair tools. The calculation (analysis) of the activation of a cobalt-containing drill bit showed
that a drill bit weighing 500 g containing 8% of **Co in the tool steel acquires a partial activity (i.e., only cobalt
activity) of 5.397x10® Ci, which leads to gamma radiation with an exposure dose rate of 0.024 mSv/year. The
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calculations of dose rates did not consider gamma radiation from the nuclear isomeric transition ®"Co—%Co,
which could only worsen the radiation risk picture (when considering other examples).

Conclusions. The use of a drill bit with the cobalt content specified in the calculations (or the location of
the drill bit in the vicinity of the personnel), one way or another, contributes to the personnel exposure. It is
proved that the calculation was not conservative, but rather liberal, because gamma radiation from the %"Co
isomer was not considered, otherwise, the obtained numerical values would have been higher. A practical
recommendation to prohibit or reduce the use of tools containing cobalt during repairs on nuclear power plant
equipment was made, theoretically, given that the analytically justified need to study the issue of radiation
safety is relevant and vital for the-safety of NPP maintenance personnel

Keywords: radiation safety; ionising radiation; collective dose; exposure dose rate; gamma photons; drills;

neutron energy

Introduction

When installing new equipment at a nuclear power
plant (NPP), for example, installing new measuring
instruments (including sensors) or additional process
equipment (during modernisation), it is inevitable
that a locksmith tool is required, and it is the choice of
this tool that not everyone currently pays attention to.

At the same time, it is known that the bulk of
the collective effective dose of ionising radiation is
received by NPP personnel during scheduled and un-
scheduled outages. Therefore, radiation safety meas-
ures to reduce radiation doses should cover the organ-
isation of work during scheduled outages (hereinafter
referred to as SOC) (this applies to planning, prepara-
tion, execution and control) [1].

To this end, before the start of the outage, dose
quotas for personnel involved in repair activities are
established for each Ukrainian NPP unit [2; 3]. Pre-
liminary forecasts of collective doses are developed
based on the analysis of the radiation state of equip-
ment of a particular nuclear reactor unit during pre-
vious outages, with future labour costs for outages to
be considered.

Scientists and engineers in practical nuclear power
plant operations around the world are finding cobalt
in reactor room equipment and trying to reduce its
impact on personnel. H. Ocken [4] discusses the fea-
sibility of reducing the cobalt content in the metal of
NPP equipment. This issue is also the subject of a joint
study conducted by the Nuclear Energy Institute, Elec-
tric Power Research Institute and Nuclear Reactor Op-
erations Institute (all US institutions), which resulted
in recommendations and a strategy to reduce cobalt
content in NPP equipment [5]. The team of authors
of the Scientific and Technical Complex “Nuclear Fuel
Cycle” of the National Science Centre of the Kharkiv
Institute of Physics and Technology (KIPT) [6] pro-
poses to use the Zn additive in the composition of the
VVER-1000 primary coolant to reduce corrosion and
delay diffusion of cobalt through the oxide film, re-
duce its release into the coolant medium, and thus
reduce the level of radiation in the primary circuit

and premises serviced during NPP operation, which
demonstrates the urgency of the problem. Castiella
Villacampa also considers the process of degradation
of cobalt alloys in NPP equipment [7]. In its study, the
Electric Power Research Institute (USA) also aimed
to reduce radiation exposure to NPP personnel and
identified cobalt in the first circuit equipment as one
of the main sources of personnel exposure [8]. A team
of Egyptian scientists generally suggests the use of co-
balt-free steel [9]. However, it should be noted that
almost all authors of publications in their studies do
not pay attention to the issue of cobalt appearance
due to the use of locksmith tools containing cobalt.

It should be noted that to date, there is no com-
plete understanding of the processes of cobalt isotope
%Co occurrence at the sites of repair work on the first
circuit equipment, which is found among metal cut-
ting waste since cobalt is not a component of alloys
used in the flow part of the reactor equipment.

Based on the Law of Ukraine “On the Use of Nu-
clear Energy and Radiation Safety”, radiation protec-
tion during the use of nuclear energy is based on the
principle that the magnitude of individual doses, the
number of people exposed and the probability of ex-
posure to any type of ionising radiation should be the
lowest that can be practically achieved, considering
economic and social factors and based on the basic
principle of state policy in the field of nuclear energy
use and radiation protection: the priority of protection
of people and the environment [10]. These two princi-
ples confirm the importance of this study.

In other words, a hypothesis was proposed that
metal cutting tools with a significant cobalt content
could lead to additional exposure of personnel during
repair.

The research aims to investigate the possibility of
additional (partial) risks of gamma photon exposure
from the radioisotope *°Co during repair at NPPs using
metal cutting tools containing cobalt.

To achieve this goal, the following tasks were
set and solved: analyse the ways of formation of the
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radioisotope *°Co in the metal of the first circuit equip-
ment; investigate the possibility of formation of the
radioisotope %°Co in metal cutting tools during repair
work; quantify the possible additional radiation risk
arising from repair work when using metal cutting
tools containing cobalt.

Materials and Methods

The research object is a variety of metalworking tools
(containing cobalt) used during scheduled mainte-
nance of equipment in the reactor compartment of a
nuclear power unit.

The study used publicly available data on the
neutron-physical characteristics of the cobalt isotope
%Co and public technical information on its content in
some modern high-speed alloys.

To solve the tasks set and achieve the above goal,
the physical and theoretical approach and analytical
and computational methods of information process-
ing were used.

The calculation was performed using the formulas
listed below in the following order.

1. Concentration of cobalt atomic nuclei at the in-
itial (zero) moment of *Co transformation into *°Co
according to the formula:

N
N =24, (1
59 Asg
1
where N, — Avogadro number, —; A, — molar mass
g
SQCO’ -~
mol

2. The number of cobalt nuclides in the cutting
tool by the formula:

Ny =mx N, 2

where m — bore mass, g.
3. The rate of formation of ®Co in the tool is cal-
culated by the formula:

[=Nyxox®, (3)

where o — microscopic cross-section of activation of a
stable cobalt isotope, barn; ® — neutron flux density,
which irradiates the contact element of the tool (drill
blt) neutr
> cm2s . .
4. The number of cores formed during working
hours according to the formula:

Ny =txI, @

where t — time during which the acquired activity of
the cutting tool is exponentially reduced due to the
decay of ®°Co accumulated during the contact of the
tool with the equipment, s.

5. Activity of ®°Co at decay by the formula:

A= 2, XNy, (5)

where A - constant isotope decay “Co.

n2
Ap = Tz’ (6)
where T, , - half-life, sec.
6. Exposure dose rate from gamma radiation by
the formula:

p =2, 7)
where K - 10?1sat1on gamma-ray constant. For ®°Co
Ky 2.5 1018kgs_3q or 12 9 — —; A — activity, Ci;

— the distance of a person to t(ile gamma-ray emit-
ter source (worker — to the drill), (arm’s length) is
R=50 cm. Formal and logical methods of cognition,
modelling methods, and methods of formal and
logical interpretation of the content of scientific and
regulatory categories and concepts were used to for-
mulate conclusions. The potential risks of using lock-
smith tools at NPPs were identified using formal logis-
tic methods and should be considered whenever it is
possible to change the tools (negation and transition
from quantity to quality — according to Hegel, general
logistics). In this case, theoretically known variables
were used, according to the above formulas, following
professional knowledge in the field of nuclear energy.

Results and Discussion

At all stages of preparing and conducting the emer-
gency response, dosimetric monitoring and radiation
surveys are carried out on radiation-hazardous equip-
ment following the recommendations[11].

Radiation exposure to maintenance personnel in-
cludes:

—radiation contamination;

— ionising radiation.

Radiation contamination can be both external and
internal. It is the internal contamination of personnel
that requires special attention, as it is the most dan-
gerous for human health. When radioactive material
enters the human body, it can be transferred to differ-
ent areas (for example, to the bone marrow), where it
continues to emit radiation. And even a small number
of radionuclides inside the body exposes an employee
to danger. One of these hazardous materials is the co-
balt isotope ®Co [12-14].

To further investigate the problem, it is necessary
to assume that the radioisotope %°Co is formed as a re-
sult of nuclear transformations in both the equipment
of the first circuit and the metal cutting tool used in
repairs at NPPs.

The contribution of radiation exposure of individual
groups of the main equipment to the total collective
dose received by personnel during NPP unit outages,
for example, during outage 2020, on average at the
State Enterprise “National Nuclear Energy Company
(SE NNEGC) “Energoatom” was (approximately) 23%
from the reactor unit, 6% from the main circulation



pipeline, 4% from the main circulation pump, 17%
from the steam generator, 1% from the pressure com-
pensator, 11% from the cooling system, 6% from
auxiliary systems of the reactor compartment, 4%
from the SSC-1.2, and 2% from nuclear fuel (during
overload) [15]. It is not difficult to calculate that the
contribution of exposure from the main equipment
during an outage is approximately 74%. The ques-
tion arises as to what causes the remaining 26% of
the collective dose.

The theoretical analysis, for the first time, unlike
other scientific sources, confirmed that a component
of radiation hazard is the risk associated with the ra-
dioactive cobalt isotope *°Co, which can be formed by
irradiation of the stable isotope *°Co, which in turn
occurs in the materials of the first circuit equipment as
a result of nuclear transformations of iron and nickel,
which are part of the 08(10)X18H10T steel:

20.0 :
C0-5.9 Totall
g : ——ENDF/B
3 : — — JENDL
~ = Abfalterer2001
a
S 1004 SRR o
g=]
3]
9]
(%]
1]
(%]
o
St
o . :
0.0 i ; H
0.0E+00 2.5E+05 5.0E+05 7.5E+05 1.0E+06
Energy, eV

Cross section of total interaction with neutrons up to 1 MeV

4.0 :
g %_%\ Co-59 Total |
T e O VT R N
=
o
= P
2
B 90 ENDF/B | i b
A — — JENDL
8 = Abfalterer2001
O

1.0

Energy, eV
Cross section of total interaction with neutrons
from 5 MeV to 20 MeV

Cross section, barn

5.0E+06 7.5E+06 1.0E+07 1.3E+07 1.5E+07 1.8E+07 2.0E+07

Cobalt application in repair tools for maintenance and modernisation of NPP equipment

—58Ni(n,p)>8Co; %8Co(n,g)>*Co;

—*%Fe(n,g)*Fe, *Fe (B-decay T, ,=47 days)— *Co.

This explains the appearance of the stable isotope
%Co in the first circuit.

Due to the erosive wear of metal in the flowing
part of the first circuit equipment, the coolant carries
cobalt through the equipment and leads to its accu-
mulation on the surfaces.

Neutron activation of >°Co leads to the formation
of ©mCo and ®°Co isomers: *°Co(n,g)%"Co—%°Co.

The physics and quantitative indicators of these nu-
clear transformations can be considered in detail. To
date, two independent estimates are available: the esti-
mates of the Smith and Desassieres group (ENDF/B-VII)
and the Watanabe estimate (JENDL-3.3). For example,
Figure 1 shows the neutron-physical characteristics of
radiative neutron capture by stable cobalt with its con-
version into an unstable radioisotope [16; 17].
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Figure 1. Neutron-physical characteristics of cobalt isotope *Co

Source: compiled by the authors based on [16; 17]

The neutron-physical characteristics indicate a
significant microscopic cross-section of the activation
reaction for low-energy neutrons [18].

The processes of activation of stable cobalt by
neutrons occur both in the reactor (to a greater ex-
tent, due to the high fission neutron flux density) and
in off-reactor equipment (to a lesser extent, due to the
relatively low neutron flux density from radioactive
contamination of the surfaces of the flowing part of
the equipment). However, for fast and thermal (slow)

neutrons, the reaction cross section is smaller than for
thermal neutrons.

%Co in the process of B-decay (half-life of 5.27
years) with transformation into ®Ni is characterised
by powerful non-monochromatic gamma radiation.
Moreover, the °Co isomer is also a gamma emitter
(its nuclear half-life is about 10 minutes).

These processes of ®Co formation should be
known in the practice of NPP operation, as they pose
certain radiation risks, but no clear description of
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them could be found in the NPP literature. However,
the study of the design and principle of operation of
the so-called cobalt bomb [19] has led to what seems
to be a more complete understanding of the forma-
tion of the ®Co isotope. In other words, %°Co in the
first circuit, even after the reactor unit is shut down
for a time-out, makes a significant contribution to the
gamma background around the equipment being re-
paired. This is unavoidable, but radiation protection
equipment for personnel performing repairs helps to
reduce the collective dose.

At the same time, the study revealed that high-
speed electromechanical tools are used to mechanise
and accelerate repair operations with radioactive equip-
ment at NPPs. The use of such tools is regulated, but
the analysis did not reveal any prohibitions or restric-
tions on the use of replaceable (consumable) elements
of high-speed tools (drills, mills, cutters, etc.) at NPPs.

The scientific and technical developments of
new modifications of tool high-speed steels that
have emerged in recent years strongly recommend

increasing the cobalt content in steel, where it was not
previously present in previous years’ designs [20-22].

Modern developments in metal cutting tools in-
dicate that the cutting ability of martensitic steels is
proportional to their cobalt content [23; 24]. Mod-
ern industry has mastered the production of appro-
priate tools in an attempt to improve the mechanical
characteristics of tool steels, but the change in the
neutron-physical properties of these steels was not
considered.

It is known that at the end of the 20™ century,
drills were produced from high-speed steels of grades
(e.g., P9; P18) (the number after the letter “P” deter-
mined the percentage of tungsten), while the amount
of cobalt in those alloys was very small [25]. Such
drills, which were designed to work with materials
at nuclear power plants according to the projects of
that time (due to the neutron-physical properties of
the tool alloy), are almost impossible to find on sale
today. Table 1 shows the content of some modern
high-speed alloys.

Table 1. The content of some modern high-speed alloys, %

10X12K4V2DMFBR IOX?X@;{FBR POM1F3 | P6M5 | P6MSF2KS | POK5
0.85- 0.82- 0.9-
C oon | 073083 0.1 007-0.1 | 110125 (o | 095105 |
Si - - <0.05 0.3-0.6 - _ - <0.5
Mn - - <0.05 0.54 - - - <0.5
3.8- 3.8-
Ccr V| 3844 11.9 8.5:9.5 3846 | 3846 | 3844
5.0-
Co ) <0.5 4.0 ) ] <05 | 7.5-85
6.0
Mo <10 <10 0.59 0.51 2329 | 4853 | 4652 | <1.0
8.5- 9.0-
W o 117.0-18.5 2.2 1.5-2.5 ] 5565 | 5566 | -
v 20- 1 1014 0.22 0.15-0.23 2633 | 1.721 | 1824 @ 2%
2.6 2.7
Nb - - 0.05 0.03-0.07 - - - -
B - - 0.012 0.001-0.006 - - - -
N - - 0.012 0.04 - - - -
Al - - <0.05 <0.013 - - - -
Ni - - 0.065 0.21 - - - <04

Source: compiled by the authors based on [25]

The data in Table 1 show that Ukrainian nuclear
power generation companies are currently actively
offering metalworking tools that contain cobalt in
much higher amounts than traditional tools made of
steel (e.g., P9; P18), which were intended for use
in NPP repairs according to the design. Here is just
one example of the actual situation regarding the

possible use of a tool with significant cobalt content
that may come into contact with equipment during
NPP repairs.

For example, Ukrnichrome LLC lists Energoatom
among its customer-consumers [26]. The product
catalogue of this supplier of nuclear power plants
includes products made of P9K5 tool steel, which



contains an increased proportion of cobalt [27].
Sometimes, the grade of tool steel is unspecific or
unclear, for example, foreign manufacturers mark
drills with the abbreviation HSS (High-Speed Steel)
and only the added letter “E” indicates that the steel
contains cobalt [28; 29] or other markings, such as

Cobalt application in repair tools for maintenance and modernisation of NPP equipment

M42 [30]. In Ukraine, the technical specifications
for tool steels harmonised with the European Union
are in force and should be used as a basis for choos-
ing a steel grade for industry [31]. Figure 2, for ex-
ample, shows an image of drills made of HSS and
HSS-E tool steel grades.

Figure 2. The appearance of modern drill bits with cobalt content markings.
The letter “E” indicates that the steel contains cobalt

Source: [28]

For further computational analysis, derived
data on the cross-section of the *°Co radiative neu-
tron capture reaction obtained mathematically from

the Japanese Atomic Energy Agency, namely the
above-mentioned JENDL-3, were selected and are se-
lectively presented in Table 2.

Table 2. Cross section of the (n,y)-reaction of *Co interaction with low-energy neutrons

1.0-10°

Neutron energy, eV

intersection (n,y)
absorption, barn

1.31-10°

1.71-10° 2.24-10° 2.92-10°

1872.53 1634.54 1432.48 1250.41 1095.84

Source: compiled by the authors based on [17]

These calculated data complement the officially ac-
cepted graphical dependences shown in Figure 1 and
show that for neutrons, the values of the microscopic
activation cross-section of the stable cobalt isotope are

large. An increase in neutron energy determines a rela-
tively rapid decrease in the microscopic cross-section of
the reaction. This situation is reflected in the calculated
(extrapolated) graphical dependence shown in Figure 3.
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Figure 3. Dependence of the microscopic cross-section of neutron capture
by isotope >°Co from neutron energy

Source: compiled by the authors based on [17]

Thus, it can be considered appropriate to accept
the value 6=1872 barn in further calculations. It

should be noted that it would be desirable to accept
the value based not on theoretical considerations but
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on field studies with empirical determination of the
energy spectrum of neutrons coming from activated
equipment under repair at NPPs.

The amount of stable isotope *°Co nuclides in the
volume of the drill bit element exposed to neutron ir-
radiation with subsequent conversion to ®°Co was then
determined. For this purpose, first, the mass of cobalt
contained in a drill bit similar to those considered was
approximately determined. We assume that the >°Co
content is 8%. If the mass of the drill is 500 g, then the
mass of cobalt in such a drill is m=40 g.

The calculation was performed using formulas 1-7.

The concentration of cobalt atomic nuclei at the in-
itial (zero) moment of *Co transformation into *°Co is:

6,022x10%3

(0) _
N5y = 58.993

=1,021 x 10?2 - 1/gram
Therefore, the cutting tool contains the following
number of cobalt nuclides:

Ny = 40 x 1,021 x 10?2 = 4,084 x 1023 - nuclei

Let us consider a hypothetical case of neutron
irradiation of stable cobalt. In a shutdown reactor,
the neutron flux density is estimated to be 10 of the
nominal value. The average neutron flux density in
the core is 5.8><1013:;u2t_: [32]. Therefore, for further
calculations, F=5.8><104:;”f_: is assumed. The refine-
ment can be made by direct measurement. In this
case, the rate of ®°Co formation in the tool will be:

[ =4,084 x 1023 x 1872 x 1072* x 5.8 - 10* = 4,434 x 107 nu;lei

For example, we calculated the activity that will
be acquired during the use of the drill for 3 hours of
working time. Thus, if the irradiation time of the drill
is 3 hours (10800 s), then multiplying by the rate of
nucleation of %°Co, we will get the number of nuclei
formed during 3 hours of working time:

N; = 10800 x 4,434 X 107 = 4,789 x 10! nuclei

This number of nuclei corresponds to the decay
activity of ®Co:

n2

p == 4,169 X 107 - ¢!
1,663%X10

Thus, the activity of the drill, after substituting nu-
merical values into formula (5):

A =4,169 x 107° x 4,789 x 10! = 1,997 x 103Bq = 5,397 x 1078 (i

The obtained numerical estimate is an approx-
imate value of the activity, which characterises the
amount of ®Co isotope accumulated in the instrument
during 3 hours of repairs using it.

Next, let’s estimate the exposure dose rate from
gamma radiation, considering the ionisation gamma
constant of ®°Co, based on the definition of the gamma
constant and its physical meaning:
mSv

-8
1000x5,397X107% _  7g5 % 10~7 —— = 0,024
0 year year

B, =129 x

The calculation of the activation of a cobalt-con-
taining drill bit showed that a 500 g drill bit contain-
ing 8% °°Co in the tool steel acquires partial activity
(i.e., only cobalt activity) Ci, which leads to gamma ra-
diation with an exposure dose rate of 0.024 mSv/year
(with a limit of 20 mSv/year for category A personnel,
according to NRBU-97/2000 [33]).

Receiving this dose may not seem significant but
using a drill with the cobalt content specified in the
calculations (or having the drill near personnel) also
contributes to personnel exposure.

The calculation was not conservative; gamma ra-
diation from the °Co isomer was not considered, oth-
erwise the values obtained would have been higher.

Nevertheless, the results obtained, although they
should be considered approximate and preliminary,
indicate the existence of a real (greater or lesser)
risk due to the use of cobalt-containing drills among
the tools. The results obtained can only be clarified

by conducting full-scale experimental studies on NPP
equipment. However, it is already possible to express
concern and provide recommendations regarding the
NPP repair work regulations — it is necessary to pro-
hibit the use of drills, cutters, mills, etc. with cobalt in
the steel in the tooling.

The issue of additional cobalt formation in NPP
equipment is currently poorly understood, so the au-
thors cannot rely on facts and studies on this prob-
lematic issue, but the assumption was made by NPP
engineers during an oral discussion at the seminar of
the NPP Department, National University “Odesa Pol-
ytechnic”: that cobalt, which is a gamma-ray emitter
and is present in cutting sawdust during repairs, is
formed in the steel materials of circuit 1 equipment.

The emitter described in this study is formed as a
result of neutron activation of iron (as well as cobalt
and nickel) in steel structures.

Ukrainian physicist, expert in the field of radiation
physics and nuclear safety, Doctor of Physical and Math-
ematical Sciences, Corresponding Member of the Na-
tional Academy of Sciences of Ukraine V.M. Voevodin
paid much attention to the study of radiation damage
to structural materials in his studies [34; 35].

Analysing the studies of R. Rumbu and
F. Crundwell, the results obtained in the study are
consistent [36; 37]. The study [36] states that Cobalt
is a hard, ductile, shiny bluish-grey metal, that belongs
to heavy metals. Cobalt is an element of the side sub-
group of the eighth group of the fourth period of the



periodic table of chemical elements of D.I. Mendeleev,
atomic number 27. It is denoted by the symbol Co
(Latin cobalt). The name of the chemical element
cobalt comes from it. Kobold means a housekeeper,
a gnome. The burning of cobalt minerals containing
arsenic releases volatile, poisonous arsenic oxide. The
ore containing these minerals was named Kobold by
miners as the mountain spirit. In 1735, Swedish min-
eralogist Georg Brand managed to isolate a previously
unknown metal from this mineral, which he named
cobalt. Cobalt has only one stable isotope, Co-59.

The study [37] proved that the “stellite” alloy,
which is now used as a traditional metalworking tool
alloy containing 35% cobalt, the same amount of
chromium, 15% tungsten, 13% iron and 2% carbon,
which has a high hardness, is used to make cutter tips,
drills, bits, etc. Superhard alloys (“pobedit”, etc.) con-
taining 78% to 88% tungsten, 5% to 6% carbon and
6% to 15% cobalt, which is cobalt-cemented tungsten
carbide, which retains its hardness even at tempera-
tures up to 1000°C.

A study [35] shows that cobalt alloys were de-
veloped in the early 1990s by Elwood Haynes in the
United States in search of a material that was resist-
ant to aggressive environments and had sufficient
strength and hardness at high temperatures. The
study also found that alloying P911 steel with cobalt
significantly increases creep resistance. The time to
fracture increases by 4 times at a test temperature of
650°C and applied stresses from 100 MPa to 200 MPa.

At the same time, the analyses presented in the
study revealed that there are certain risks relevant
to NPP maintenance activities when using tools con-
taining cobalt. Further discussion of the published
materials in the article will be useful for understand-
ing the technological processes and physics of mate-
rial behaviour to improve the safety of repair work at
Ukrainian NPPs.
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Conclusions

Based on the analysis and numerical results obtained,
the possibility of additional (partial) risks of gamma
photon exposure from the radioisotope ®°Co during re-
pair work at NPPs was confirmed. The hypothesis put
forward at the beginning of the study was confirmed
analytically.

It is necessary to consider that, firstly, there is a
likely risk associated with the radioactive cobalt iso-
tope %Co, the formation of which is associated with
the activation of materials of primary circuit equip-
ment, and decay is associated with the formation of
powerful cascade non-monochromatic gamma radia-
tion from process equipment, in the steel of which this
isotope can be formed. Secondly, in addition to pri-
mary circuit equipment, this isotope may be formed
in metal cutting tools that may come into contact with
activated primary circuit equipment during repairs
of NPP equipment. Such tools include drills, cutters,
milling cutters, etc., which may contain cobalt *Co,
which, when activated in the process of contact with
the equipment, is converted into radioactive 5°Co.

Based on the results of the study, recommenda-
tions can be made to ban the use of drills, cutters,
milling cutters, etc. with cobalt in the steel alloy dur-
ing repairs on the equipment of the first circuit NPP.
At the very least, this should be understood as a wake-
up call to the scientific community.

The obtained scientific results are the first step of
the research and can be clarified and supplemented
by the scientific community through further experi-
mental studies.
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AHoranig

AKTyanbHicTh. Y CTaTTi PO3IIAHYTI aKTyaJdbHi PU3WKH, 1[0 WMOBIPHO BHHMKAIOTh BHACTIJOK YTBOPEHHA
pagioizotomy kobaneT %°Co i3 crabinbHOro i3otomy *Co Ipu pafialliiHOMy 3aXoIlieHi HeWTpOHiB, IO €
criennpiTHUM IIiZl Yac PEMOHTHUX POOIT Ha aTOMHIl eJIEKTPOCTaHIIii, TPOTe i PU3UKU € MaJIO0 BUBYEHUMHU.

MeTa. MeToio TIpOBeEHOTO ZOCTiKeHHsT OyB aHali3 MOXKJIUBOCTI J0AaTKOBOTO BIUIMBY iOHi3ytouoi pasiarii
Ha PEMOHTHHU IIepCOHAaJI aTOMHOI eJIEKTPUYHOI CTaHIlii, BHACTIJOK BUKOPUCTAaHHA C/IFOCAPHOTO iHCTPYMEHTY,
SIKUH B CBOEMY CKJIZIi PEMOHTHOTO iHCTPyMEHTapito, MOXKe MiCTUTH iHCTPYMEHTAIbHI KOOAIIBT.

MeTogosoria. Y cTaTTi BUKOpUCTaHUI (i3UKO-TEOPETUYHUM Ta aHaNMITUYHWM TiAXi[ A1 TpOBeAeHH:
JOCTiMKeHH 3’sicoBaHOi TpobIeMHu.

PesynbraTi. BusHaueHO HaABHiCTh TIEBHOT'O PU3UKY BHACIIJOK BUKOPHCTaHHA cepe/l pPEMOHTHOI'0 iHCTPYMEHTAapito
CBEPZJT YU iHIIIOTO IHCTPYMEHTY JJIS pi3aHHA MeTasy i3 BMicToM Kob6asbTy. [IpoBeZieHMiT po3paxyHOK (aHasIi3) 1070
aKTHBallii cBepyIa 3i BMicTOM K0OalbTy TOKa3as, o cBepzAso Macoto 500 T, ike MiCTUTh B iHCTpyMeHTaIbHil
crani °°Co B kimpkocTi 8 % mo Maci, HabyBae mapuiaqbHy aKTUBHICTh (TOGTO JIMIIE aKTUBHICTH KOOAIBTY)
5,397x10® Ku, 110 Ipu3BOAUTH [0 raMa-BUIPOMIHIOBAaHHSA, MOTYXKHICTh €KCIIO3UIIIMHOI 03U SIKOTO ZI0CATAE
0,024 M3B/pik. B npoBefeHNX po3paxyHKax J030BUX MOKA3HUKIB HEe BPaxOBYBaJOCA ramMa-BUIIPOMiHIOBaHHA
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Levchenko et al.

TIpU siZIepHOMY i30MepHOMY mepexozi *mCo—*Co, 110 MOIJIO 6 TUTBKY HOTIPIINTY KaPTUHY Paial[ilfHOTO PU3UKY
(TIpu pO3WISAAL iHITUX TPUKJIAZIB).

BucHoBKU. Bysno 3a3HayeHo, 10 BUKOPUCTAHHS CBEpZJIA 3i 3a3HAaUeHUM (B pO3paxyHKax) BMICTOM KOOAIbTy
(uu 3HAXOMKEHHS CBEP/JIa HEMOAAIK Bifl TepCOHANY), TaK YH iHIEe, pOOUTH JOAATKOBHUI BHECOK B OIIPOMiHEHHST
nepcoHasy. JloBesieHo, 110 IPOBeIeHUH PO3PaxyHOK OyB He KOHCEPBAaTUBHUM, a CKOpillle TibepanbHUM, 60 rama-
BUIIPOMIHIOBaHHA BiZ i3oMepy ®"Co He BpaxoByBasacsd, iHaKIle OTPUMAaHHI YUCIOBI 3HAYEHHS PO3PAXyHKIB
6ynu 6 GimbmnMuy. Byna HaZiaHa MpaKTUYHA PEKOMeH/AIlis M0A0 3a00POHU YK 3MEHIIEHH BUKOPUCTAHHSI IPU
TIpOBeZIeHi PEMOHTHUX POOIT Ha 06JaZlHAHHI aTOMHOI eJIEKTPOCTaHIlii iHCTPYMEHTIB, y CKJIaZi SKUX MiCTUTBCS
KOGaJbT, TEOPETUYHO 3BaXKalouud Ha Te, 1[0 AHAJITUYHO OOIPYHTOBaHA HEOOXiAHICTb BHUBYEHHSA MUTAHHSI
pazianiitHoi 6e3MeKU € aKTYaIbHOIO 1 JKUTTEBOBAXKIIMBOIO A1 6e31eKHu-PEMOHTHOTO nepcoHany AEC

KntouoBi cioBa: pagiaiiitiia Ge3meka; ioHi3allifiHe BUIIPOMIHIOBAaHHS, KOJEKTHMBHA /1038 OMPOMiHEHHST;
MIOTY>KHICTh €KCIIO3UIIiITHOI 103U; raMa-pOTOHU; CBEP/JIa; EHEpPTis HEHTPOHIB



