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An approach is described for assessment of the end state radiolog-
ical criteria for remediation of radioactively contaminated sites. The tar-
get criteria are set in a form of prospective effective doses for members
of the population who are subject to the higher exposures (representative
persons). Brief review of international best practice in setting risk based
remedial criteria is presented. The site-specific release criteria for activi-
ty concentrations in released material (e.g., Bq/g of soil) are derived using
tabulated values of radionuclide activity from IAEA Safety Guide RS-G-1.7
(corresponding to the effective dose of 10 uSv/a). These tabulated values
are scaled with the relevant target dose criteria for remediation of the spe-
cific site. Applicability and limitations (e.g., with regard to volume of released
material) of proposed approach are discussed. The procedure for incorpo-
rating complimentary site-specific scenarios is described. The article fur-
ther illustrates the approach by application of the methodology to the spe-
cific radioactively contaminated site (i.e., radioactive waste storage site with
clean-up wastes of Chernobyl origin situated in Kiev Region). The proposed
approach is generally applicable to a wide range of similar problems.
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arly radioactive waste management practices (that
have not complied to modern safety standards) and
nuclear accidents have created worldwide numerous
radioactively contaminated legacies ranging in scale
from individual facilities and/or sites to large
contaminated areas (e.g., areas contaminated by Chernobyl
and Fukushima accidents), and remedial efforts are undertaken
currently in many countries in order to bring these sites
to condition that is safe for humans and the environment [1—5].

Selection of remedial option and developing a remedial
design for radioactively contaminated site is a complex process
that usually weights safety, technical, economic, and social
factors [5—7]. One of key elements of remedial design are
end-state radiological criteria for the remediated site. Such
radiological criteria provide safety goals that need to be achieved
as the result of remedial works, and may eventually determine
the technological requirements, extent of remedial works and
the amount of the retrieved waste material [3, 5].

In this article we describe practical approach for assessment
of the end state radiological criteria for activity concentrations
in the material which remains on the remediation site (e.g.,
soil) to be achieved upon completion of remedial works.
The presented approach was developed in the project
“Remediation of Radioactive Waste Storage Sites Resulting
from the Chernobyl Nuclear Power Plant Accident and Situated
Outside the Exclusion Zone” (Project U4.01/12D), which
was implemented through the Instrument for Nuclear Safety
Cooperation (INSC) Programme by the European Commission,
DG DEVCO [8, 9].

No specific guidance on the procedure for setting end-state
remedial criteria are available currently in the Ukraine. Therefore,
the proposed methodology is based on relevant International
Atomic Energy Agency (IAEA) safety standards and guidance
documents, and relies upon review of international best
practices. The article further illustrates the proposed approach
by application to the specific radioactively contaminated site
that was selected as a “Pilot Facility” in the Project U4.01/12D
for developing the “standard” remedial design for the radioactive
waste storage sites considered in this project.

Risk-based approach for developing the end state
criteria for radioactively contaminated sites

General framework. The general approach for developing
the end-state criteria for radioactively contaminated sites
followed in this study is described in the IAEA Safety Guide
No. WS-G-5.1 [10]. This safety standard recommends that
target criteria are set in a form of prospective effective doses
for members of the population who are subject to the higher
exposures (representative persons). The site-specific release
criteria for activity concentrations (e.g., Bq/g of soil) can be
then back-calculated from doses through evaluation of potential
radiological consequences through all relevant exposure
pathways. The safety standard further recommends a dose
constraint for the released site of less than 300 uSv per year.
A limit below which further dose reduction measures are unlikely
to be warranted is 10 pSv per year. The zone between 10 and
300 pSv per year is considered to be a “zone of optimization”
(see [10, Fig. 1]).

It should be noted that the IAEA Safety Guide No. WS-G-5.1
considers release of sites in the context of “planned exposure”
situations. In case of “existing exposure” situations, remediation
process relies on optimization principles in a generally similar way.
However, as recommended by IAEA GRS Part 3 [6] radiation
protection and safety of population is ensured in this last case
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by establishing more flexible “reference levels” (instead of “dose
constraints”) that are essentially dependent on the feasibility, costs,
and other relevant aspects of controlling the “existing exposure”
situation. In case of Project U4.01/12D, the reference level
of 300 uSv/a was coordinated by contractor with the Ukrainian
regulatory authority as the relevant dose criteria.

Eventually, the respective dose end-state criteria shall be
considered in comparison to background contamination level
(e.g., as doses from contaminated site exceeding the background
doses to representative persons).

Review of international experiences in setting risk-based
remedial goals. In this paragraph we present a brief review
of international practices in setting the clean-up criteria including
numerical values of relevant criteria. The review presented below
relies on the recently published compilations of European, Asian
and U.S. American remediation experiences [1—5]

European and Asian experiences in setting the end-state
remedial criteria are summarized in Table 1.

Table 1. Summary of experiences in Europe and Asia
(S.Korea) in setting the end-state remedial criteria
for radioactively contaminated sites [1, 2, 5]

Facility Remedial criteria

Residual impact below 0.1 mSv/a for
industrial reuse, without technical
restriction; if reasonably achievable:
residual radioactivity below 0.4 Bq/g
(or Bq/cm?) for B/y- emitters and below
0.04 Bq/g (or Bq/cm?) for a-emitters

CEA’s Grenoble
STED Facility
(France)

Dose based release criteria

of 0.1 mSv/a by considering the future
unrestricted use of the site and

the urbanization of the surrounding area

Uranium conversion
facility, Daejeon
(Republic of Korea)

PIMIC “Lenteja” at
CIEMAT (Centre
for Energy-Related,
Environmental

and Technological
Research) (Madrid,
Spain)

As the site has a restoration plan
approved, the general criteria for
the release of land and spaces is
0.1 mSv/a; Values greater than
0.1 mSv/a must be justified by
an optimization study

Riverbanks For the dose criterion

contaminated
with the waste
water (137Cs) from
Bohunice NPP
(Slovak Republic)

of 1 mSv/a the max. accept. level

of 137Cs estimated at 3.0 or 4.4 Bq/g
(for large volume of soil; assuming
residential scenario)

Waste disposal
site “I’Orme des
Merisiers” at St
Aubin (Esonne,
France)

The criterion for rehabilitation of this
site (contam. 137Cs, 90Sr, 239/240py,
241Am) was chosen to be equal to ten
times the surrounding background
(due to gamma radiation)

The U.S. experiences (see Table 2 below) are reviewed
based on information given in [3]. This last report summarizes
the various regulatory standards and requirements that dictate
the clean-up at radioactively contaminated sites, and presents
case studies from 12 selected sites in the U.S. Remediation
end state criteria (remedial goals) are usually established by
assessing radiological health effects using a risk-based approach
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for CERCLA (Comprehensive Environmental Response,
Compensation and Liability Act) sites or a dose-based approach
for NRC (Nuclear Regulatory Commission) sites. Both
approaches require selecting appropriate scenarios, models
(equations), and site-specific input parameters. It should be
noted that dose criteria of 0.15 mSv/a listed in Table 2 compares
to the lifetime risk criteria of 10—#. In particular, the US EPA
guidance documents have stated that a 0.15 mSv annual dose
corresponds to the 3 x 10— risk [3].

Table 2. Summary of US experiences in setting end-state
remedial criteria for radioactively contaminated sites [3].

Remedial end-state criteria
Facility

Dose, mSv/a Risk
Hanford Site 0.15
Johnston Atoll 1074 — 107¢
Clean Slate Sites, Nevada 1
Rocky Flats Cleanup Agreement 0.15
Rocky Flats (Oversight Panel) 0.15
Rocky Flats (Revised Soil Action 025 104 — 10-6
Levels) ’
Brookhaven National Laboratory, 0.15
New York )
Fort Dix, New Jersey 0.15
Oak Ridge Reservation—Melton 025 10-4
Valley Watershed, Tennessee ’

The presented brief review shows that the most common
international practice in European countries, the US and
worldwide is to set the end-state remedial criteria for radioactively
contaminated sites in the range of doses to relevant critical
group of ~0.1—0.15 mSv/a above background contamination
level (if reasonably achievable). Lower end-state dose criteria
are usually not feasible due to technological, economic or
background contamination issues. In a number of reviewed
cases higher end state dose criteria of 0.25—1 mSv/a were used.

Method for calculating site-specific release
criteria for radionuclide activity concentrations
in the material (soil) of the site

The conceptual basis. The proposed method for derivation
of specific remedial criteria is based on the TAEA Safety
Guide RS-G-1.7 on the application of the concept of exclusion,
exemption and clearance [11] which contains tabulated
radionuclide specific activity values in released material
corresponding to the effective dose of 10 uSv/a. In order to develop
site-specific release criteria corresponding to particular dose
limit, the tabulated values of radionuclide activity in released
materials from RS-G-1.7 (corresponding to the effective dose
of 10 puSv/a) can be scaled with the relevant target dose criteria
for release of the specific site. The calculation procedures are
detailed below.

The bases for radionuclide specific activity values tabulated
in Safety Guide RS-G-1.7 [11] are described in the IAEA Safety
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Series Rep. no.44 [12]. The activity concentration values in [12]
are determined such that individual effective doses to a critical
group (i.e. the public and workers) would be of the order of 10
uSv/a (using realistic parameter values). The procedure is based
on evaluation of a selected set of typical exposure scenarios for
all material, encompassing external irradiation, dust inhalation
and ingestion (direct and indirect). List of scenarios used
in the IAEA SRS no.44 to develop clearance levels is quite
comprehensive including (see [12, Table 2]): workers involved
with various operations with the contaminated material, residence
and farming near (or immediately within) the area containing
contaminated material, using contaminated groundwater,
surface water etc. All relevant pathways are implemented for
a large list of exposure situations. It is stated that the derived
values are sufficient to ensure an adequate protection in both
occupational and public exposure situations. The large list
of scenarios provides some level of “conservatism” and “safety
margin” in application of “scaling” procedures using clearance
levels to calculate end-state remedial criteria for remediated sites.

The same radionuclide specific activity values as in the IAEA
RS-G-1.7 are included to Ukrainian regulatory document
on clearance levels [13]. The last document states that listed
clearance levels among other applications can be used during:

- Decommissioning of facilities related to radioactive waste
management, and

- In situation of intervention related to remediation
of territories contaminated due to nuclear accidents.

Applicability and limitations. The important issue when
analysing applicability of release activity criteria listed
in the IAEA RS-G-1.7 [11] for setting the end state remedial
criteria, is volume (or mass) of contaminated material assumed
in underlying risk assessment calculations. The activity
concentrations listed in the IAEA RS-G-1.7 for radionuclides
of artificial origin apply to “bulk quantities” of radioactive
materials [11]. The “Bulk quantity” is defined as “any amount
of material that is greater than a moderate quantity”, where
‘moderate quantities” are defined as those “of the order
of a tonne”. The amount of material involved in calculation
of release criteria can be assumed as high as 25000 m3
(but typically less than 100 000 m3) [12, p.42].

Assumptions about mass (volume) of the released material
are incorporated to the calculation procedures for release
criteria for relevant exposure scenarios described in [12] by
means of assumed “dilution factors - D;” (where D; represents
ratio of released contaminated material to surrounding non-
contaminated material). Dilution factors are typically less than
1 (e.g., Dy=0.1).

It is important to note that the values of activity concentration
provided in JAEA RS-G-1.7 are not intended to be applied
to “radioactive residues in the environment” (e.g., in case
of “contaminated land” — i.e. throughout contamination
of the environmental media) [11, p.4]. This implies that relevant
release criteria can be applied to a large enough mass (volume)
of released material, but this amount cannot be “unlimited”
(e.g., whole “contaminated land”).

<

Example application of methodology

Description of the Pilot Facility. In this section, the outlined
approach isapplied to derive the end-state criteria for remediation
of the Decontamination Waste Storage facility (DWSF)
“Pisky-1”. This is a trench-type disposal facility containing
radioactive materials from post — Chernobyl accident clean-up
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operations carried out in 1986-89 in the small village Pisky
situated in the Ivankiv District of Kiev Region in the close
vicinity of the Chernobyl Exclusion zone. The DWSF
“Pisky-1” is situated within the “Zone of Guaranteed
Voluntary Resettlement” (defined by the “Law of Ukraine
on the Legal Status of the Territory Exposed to the Radioactive
Contamination Resulting from the ChNPP Accident” [14]).
Population is allowed to reside in this area, however the law
imposes requirements with regard to the enhanced monitoring
program and restrictions with regard to industrial activities that
can lead to the increased exposure of population.

The radioactive material storage conditions in DWSF
“Pisky-1” do not comply with applicable regulations and safety
requirements and pose potential unacceptable risks to the public
[8, 9]. Therefore, this facility was selected in the Project
U4.01/12D as “Pilot facility” for developing the remedial design.
This project task included among other issues development
of the end-state criteria.

The main radioactive contaminant of concern in waste
material stored within the DWSF “Pisky-17 is 137Cs (maximum
activity 53 kBq/kg, mean activity 3 kBq/kg as in 2015, based
on data of State Enterprise “KORO”, Zhovty Vody). The waste
contains also 9°Sr in activity comparable to activity of 137Cs
(O%Sr to 137Cs activity ratio varies for different samples from
0.7 to 2), as well as significantly smaller specific activity
concentrations of 2#!Am and Pu isotopes (see Table 3 for more
detail). Radionuclide ratios in waste are within the range typical
for fallout particles originating from the dispersed nuclear
fuel of Chernobyl nuclear power plant Unit 4 at the time
of the accident. The total volume of stored waste (known to be
mainly contaminated soil and construction debris) is about
190 m3. The background surface contamination of topsoil by
Chernobyl fallout in the vicinity of DWSF “Pisky-1" constitutes
~0.4 Bq/kg for 137Cs and ~0.2 Bq/kg for 2°Sr [8, 9].

The following objectives were pursued when developing
the end state remedial criteria for Pilot Facility: (1) they should
provide relevant level of radiation safety to population and
environment, and (2) they should be balanced with background
contamination levels of the environment by Chernobyl fallout.

Table 3. Radionuclide scaling factors with respect to 137Cs,
clearance levels and radionuclide dose conversion coefficient
values (derived using eq.(1)) used in calculation of end-
state criteria for Pilot Facility (DWSF “Pisky-17)

Radionuclide Clearance
Radio- | scaling factor| ™", DCC,; K;x DCC,
nuclide | with respect Bv > | (Sval)/(Bqkg!)| (Sval) /(Bqkg?)
to 137Cs (K) q/8
137Cs 1 0.1 1.00E-07 1.00E-07
90Sr 2 1 1.00E-08 2.00E-08
241Am 0.018 0.1 1.00E-07 1.80E-09
238py 0.004 0.1 1.00E-07 4.00E-10
239puy 0.004 0.1 1.00E-07 4.00E-10
240py; 0.006 0.1 1.00E-07 6.00E-10
241py 0.18 10 1.00E-09 1.90E-10
Sum
{DCC; 1.23E-07
x K}
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It appears reasonable to assume that the potential post-
remedial radiological exposure scenarios for Pilot Facility
(for example excavation of the remediated site for house
construction etc.) would wusually involve some mixing
of residual materials with surrounding non-contaminated
environmental materials. The volume of residual contaminated
material to remain at the Pilot Facility can be estimated not
to exceed ~100 m3. This relatively small value complies with
the relevant assumptions on volume of contaminated material
used in derivation of activity criteria listed in the IAEA SRS
no.44 [12].

Calculation procedures for derivation of end-state criteria.
The procedure for calculating the end-state criteria for the Pilot
Facility uses the Dose Conversion Coefficients (DCC-s), which
are based on the tabulated radionuclide specific activity values
from the IAEA RS-G-1.7 report [11] corresponding to the dose
constraint of 10 uSv y! (i.e., clearance levels). Formula
to calculate the Dose Conversion Coefficients for radionuclide
“I” (DCC,, (Sv a’l)/(Bq kg!)) is as follows:

Dose, ;
DCC; = goljlistramt , )
where Dosec,, .qins 18 T€levant dose constraint value (ie., 10
uSv/a), and CL, is the clearance level for radionuclide “/” from
the IAEA RS-G-1.7 (Bq/kg). Thus DCC; represents a yearly
dose received by an reference individual per unit activity
concentration of radionuclide “/” in the source material.
The formula utilizing the defined above DCC; values
to calculate the exposure dose from facility (DoseFach, Sv/a)
is as follows:

Dose pyiiiry = Y DCCi x Ci; )
i

(1331

Where C; (Bqg/kg) is activity of radionuclide “i
in contaminated materials related to facility.

The equation for the target end-state remedial dose criteria
for facility (Dose,;,,i,» SV/a) can be written as follows:

D OseFacility < st D 0S€ Cyiteriar (3)

Where st is a “safety factor” (st <1) accounting for
measuring uncertainties in contaminant concentration
values in released materials related to facility (e.g., analytical
uncertainties, statistical variability of contamination, etc.).

Substituting (2) to equation (3) yields the constraint for
contaminant concentration values in released materials (C)
which guarantees that relevant dose criteria is satisfied:

{ZDCCI' X Cl} < st X Dosecyiteriq; Q)
i

It can be further assumed that radionuclide activities
in material related to facility (C) can be scaled with '37Cs
activity in the same material:

Ci = Ki x Ccs; 5)
Where C,, is activity of 137Cs in released materials (Bq/kg),

and K; is scaling coefficient of activity of radionuclide “/”
to activity of 137Cs (unitless) (see Table 3). The resulting
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formula establishing a constraint on the concentration of 137Cs
in material remaining on the site is as follows:

st D 0S€Criteria .
b

Ces < —
> DCCi Ki

(©)

In case background contamination levels are needed to be
taken into account, the following expression for “dose criteria”
should be substituted in equations

Should be substituted in equations (3) or (6)

Dose,jpyiq = Dosey,. + Dosep,, (7

Dosep, = Y DCCi x Ci, bg; (8)
i

Where Dose;,, is the incremental dose criteria above
background levels (e.g., 0.1 mSv/a), DoseBg is dose associated
with the background contamination, and Ci,bg (Bq/kg) is
background concentration of radionuclide “i” in soil.

Results and discussion. Calculations of the radionuclide
DCC, values (based on IAEA RS-G-1.7) and the sum of DCC;
values scaled with !37Cs ratios in waste material of Pilot Facility
are summarized in Table 3. The higher end value of 9°Sr to 137Cs
activity ratio (i.e., 2) is chosen to provide a conservative dose
assessment. Analysis of data of Table 3 suggests (considering
listed DCC; and K; numerical values) that the main radionuclide
determining radiological hazard from waste material is 137Cs,
while 20Sr activity will be a second parameter by importance.
Taking into account comparatively low specific activity of 24!Am
and Pu isotopes in waste material, these radionuclides have
relatively low impact on overall radiological hazard from waste
material.

Release criteria for 13’Cs in waste material of Pilot Facility
for different target dose criteria calculated using formula (6)
are summarized in Table 4. Calculation assumes background
concentrations in soil of 0.4 Bq/kg for 13’Cs and ~0.2 Bq/kg for
90Sr. Calculation employs safety factor value K, = 0.8. This value
is based on data of publication [15] regarding accuracy of field
measurements of soil radioactivity assuming that 137Cs activity
in waste material (C, ) is averaged on 5 samples, and analytical
measuring error of 137Cs is 10—20 % (which is in agreement with
the procedure of analytical measurements of waste material, that
is foreseen by the remedial project design).

Table 4. Activity criteria for 137Cs in residual waste material
of Pilot Facility for different target dose criteria.

Target dose criteria (dose above Concentration of 137Cs in waste
background), mSv/a material*, Bq/g
0.1 0.92
0.2 1.6
0.3 2.2
0.4 29
0.5 3.5

Note: * — other radionuclides are included implicitly assuming respective
K; ratios listed in Table 3
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Estimated amount of waste material in DWSF “Pisky-1”
corresponding to various threshold !37Cs activity values is
listed in Table 5. This table is based on statistical parameters
of the data set of 137Cs activity measurements in DWSF “Pisky-1”
inferred from gamma-logging characterization works [8].

Table 5. Estimated amount of waste material to be
retrieved from DWSF “Pisky-1” corresponding
to various threshold 137Cs activity criteria.

137Cs activit Target dose % of gamma- | Estimated waste
in waste, B /y criterion, logging volume to be
) DArE mSv/a measurements retrieved, m3
> 1 ~0.1 59 110
>2 ~0.3 38 71
>3 ~0.5 27 51
Total waste
volume 100 187

Based on analyses of information contained in Table 4 and
Table 5 it appears that a target dose criteria of 0.1 mSv/a (above
background contamination) is a justified end-sate criterion for
DWSEF “Pisky-1”. This dose criterion corresponds to a target
activity concentration of ~1 Bq/g of 137Cs (it is implicitly assumed
also that other radionuclides are included in waste material with
respective K ratios to '3’Cs listed in Table 3). Material with
contamination above the target activity concentration must
be removed from the remediation site as waste material and
disposed off elsewhere.

Data of Table 4 show that decreasing the target dose
criterion from 0.3 mSv/a to 0.1 mSv/a results in an increase
of the estimated amount of waste material to be retrieved from
Pilot Facility by ~40 m3 and the total amount of waste material
to be retrieved is estimated at ~110 m3. This is a feasible
amount of waste to be managed. The end state criteria of 137Cs
activity in soil of 1 Bq/g is ~2.5 times above average background
contamination of the DWSF “Pisky-1” location area by
Chernobyl fallout. Some adjacent areas (e.g., Karpilovka Village)
have fallout 13’Cs hot-spots event with approximately twice
higher specific activity of topsoil (e.g., ~0.8 Bq/g). Therefore,
a lower value of the 137Cs target activity (dose) criteria for DWSF
“Pisky-1" is not justified because of relatively high background
radioactive contamination levels of the environment. The target
criterion is feasible from the point of view of on-site in-situ
gamma spectrometry measurements of bulk material for waste
sorting in the course of the waste retrieval process [8]. Lastly,
the proposed end state criterion for the Pilot Facility conforms
to the best international practice in remediation of radioactively
contaminated “legacy” sites.

It is assumed that upon completion of remedial works
the long-term administrative regime of site will fully conform
to requirements of the territory of the “Zone of Guaranteed
Voluntary Resettlement”, where the DWSF “Pisky-1” is
situated. In particular, no construction works (or other
similar disturbances) will be carried out without appropriate
justification, and the site will be covered by a comprehensive
radiation monitoring program.

Remark on incorporation of site-specific scenarios.
The assessment procedure for remediated site may potentially
require consideration of site-specific scenario(s) in addition
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to those that have served the basis for derivation of clearance
level listed in the IAEA Safety Series Rep. no.44 [12]. Let’s
assume, that such complimentary scenario results in dose
conversion coefficient for radionuclide “/” DCC; ,, (Sv/a).
In this case dose conversion coefficient to be used in formula
(6) to calculate the dose from facility shall be replace by
the following one:

DCC; = max {DCC, ¢;, DCC, ;)
where DCCI.,CL is dose conversion coefficient value calculated
based on clearance level using formula (1).

Conclusions

The method for assessment of the end-state criteria for
remediation of radioactively contaminated sites described
in this publication has the following advantages:

- It uses simple and transparent calculation procedures;

- It is based on the reputable international references, well
documented assessment procedures and dose model parameters
(i.e., IAEA SRS no.44 [12]);

- It is based on balanced approach to dose calculations using,
at one hand, a large list of exposure scenarios combined, at
the other hand, with the realistic (rather than conservative)
values of dose model parameters;

- Additional site-specific scenarios can be potentially easily
integrated to the assessment procedure.

The presented approach can be easily transferred to other
radioactively contaminated sites (e.g., similar to ‘Pilot Facility’
described in this article), keeping in mind limitations regarding
the size of the site and volume of the residual radioactively
contaminated material.
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MpakTnyHnin nigxig Ang ouiHKM paaionoriyHMx Kputepiie
KiHUeBOro cTaHy npu peaGinitauii pagioakTMBHO-
3a0bpynHeHux o6’eKTiB

Byraii 1. O'., Fe6ayep 2., Cisos A. A3., Monitop H4.
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OnucaHo nigxia A8 BU3HAYE€HHS paaiosnoriyHnx KpUTepiiB KiHLUeBOro
cTaHy npu peabinitayii panioakTMBHO-3a0bpyaHeHVX AinsHOK. LinboBsi
KpUTepii BCTaHOBJIIOIOTLCS Y GOPMI MPOrHO3HUX ePEKTUBHUX 403 AJ1S rpyn
HacesieHHsl, WO 3a3HaloTb MiABULLEHOro OfNpPOMIHEHHS (nNpeacTas-
HuUbkux 0ci6). lMpeacTaBaeHO KOPOTKWU OrnsA Havikpaloro CBITOBOro
A0CBiny y BU3HAYEHHi kpuTepiiB peabinitauii Ha OCHOBIi OUHKW PU3VKIB.
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CneungiuHi ans 06°ekTy KpuTepii 3BiIbHEHHS Yy OPMi KOHUeHTpawii
aKTUBHOCTI y Mmartepiani, L0 3Bi/IbHIETbLCS Bif KOHTPOJIO (Hanpuknan,
B Bk/r gns rpyHTy) BU3Ha4YaloTbCsl 3a LOMOMOrol TabMYHUX 3HaYeHb
nUMTOMOI aKTUBHOCTI PafioHyKigiB 3rigHo kepiBHUUTBa 3 6e3nekn MATATE
RS-G-1.7 (o BignosigatoTe epekTusHivi 4o3i 10 mk3B/pik). Ui TabanyHi
3Ha4YeHHs1 nepepaxoBylOTbCsl 3 BiANMOBIAHUM KOEQILIEHTOM MPOnopLiiHO
0 06paHoro uinboBOro [4030BOro Kputepito anis peabinitauii KOHKpeT-
HOro o06’ekty. O6GroBoOPIOTLCS MEXI NPUAATHOCTI Ta 0OMEXEHHS 3arpo-
MoHOBaHOro niaxoAy (Hanpukaan, LWoao obcsry 3BiIbHEHOro martepiany).
OnucaHo npouenypy BpaxyBaHHS A0AATKOBUX CLEHapiiB OrnpoOMiHEHHS,
wo e crneundidyHuMu ass KOHKpeTHoro o6°ekTy. HanpukiHui, onuca-
HWIA 'y CcTaTTi nigxig 3 METor inocTpauii 3acTocoBaHO A0 KOHKPETHOro
pafioakTMBHO 3abpyaHeHOro maragaHyvika (Tobto, 4O nyHKTy 36epiraHHs
panioakTUBHUX BiAXOAIB Ae3akTuBauii 40pPHOOUILCLKOrOo MOXOAXEHHS,
poaTtawoBaHoro y KuiBcbkiti o6nacti). 3anpornoHoBaHuii nigxig Moxe 6yt
3aCTOCOBaHWI 10 LLUMPOKOro Koa aHasaoridHux npobiem.

KnwoyoBi cnoBa: ouyiHka 6esneku, peabinitayis, KpuTtepii KiHueBoro
cTaHy, aBapist Ha YAEC

MpakTnuecknii noaxon AN OUEHKM pPaguoornieckmx
KpuUTepmueB KOHEeYHOro COCTOSIHUA Npu peadbunutauun pa-
ANOAKTUBHO 3arps3HEeHHbIX 00bEKTOB
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OnucaH noaxoa Ans1 onpenesneHvs paanosiorn4eckmux KpUTepmnes Ko-
HEYHOro COCTOSIHUSI Npu peabunutTauuy pagmoakTUBHO 3arpPsi3HEHHbLIX
yyacTkoB. LleneBbie kputepun yctaHaBaMBaloOTCs B GOPME MpPOrHO3HbIX
3¢PeKTUBHbIX [03 A7 Py HaCEeNeHWs, MNOABEPKEHHbIX MOBbILLIEH-
HOMYy 06s1y4eHnio (npeacTaBuTesibHbIX nl). peactaBneH kpatkuii 00-
30D /1y4LIero MMPOBOro OMbiTa B OMNPEAESIEHUN KPUTEPUEB peabunvTa-
LMm Ha OCHOBE OLieHKM puckos. Cneunpudeckne 415 oObekTa Kputepum
ocBoboxaeHns B popMe KOHLUEHTpaLUMmM akTMBHOCTU B Matepuase, 0CBO-
6oxgaeMom OT KOHTPOJIS (Hanpumep, B Bk/r ans rpyHTa) onpegensiorcs
C MOMOLLbIO TABANYHBIX 3HAYEHWI YaebHOM aKTUBHOCTU PaaVNOHYKANAO0B
cornacHo pykosozacTBa o 6e3onacHoctn MAFATS RS-G-1.7 (cooTtBet-
crByowmx a¢ppektTusHoi gose 10 mk3s/roa). T TabnanyHbIe 3HAYEHUS
epecyYnTbIBalOTCS C COOTBETCTBYIOLUMM KO3GDOULUNEHTOM rpornopLmo-
HasbHO N36pPaHHOMY LiesIeBOMY [030BOMY KPUTEPWIO A1 peabunutaumm
KOHKpeTHoro obbekTta. O6cyxaaloTcs npenessbl npuroagHOCT U OrpaHu-
YeHWsl NPeAsIoXeHHOro rnoaxoaa (Hanpumep, OTHOCUTE/IbHO 06bema ocC-
Boboxaaemoro marepuana). OnucaHa npouenypa AJs ydeta LOMOJIHU-
TE/IbHbLIX cLUeHapueB 00Jy4YeHUs, KOTOPbIE SIBASIIOTCS Creunduyeckumm
7151 KOHKPETHOro 006bekTa. B KOHUe, onvcaHHbIV B CTaTbe NoAxos C Lesbio
WIIOCTPALUUN NMPUMEHEH K KOHKPETHOMY PaAMOakTUBHO 3arpsi3HEHHOMY
00BEKTY (& UMEHHO, K MYyHKTY XpaHeHWUsl paanoakTUBHbIX OTXOLOB Ae3ak-
TUBaLUMM 4epPHOOBbISILCKOro NMPOUCXOXAEHUS, PACOI0XEHHOMY B Kuesckori
obnacty). pennoxeHHbiri Noaxoa MoxXeT 6biTb MPUMEHEH K LUMPOKOMY
KpYry aHanorudHbix npobsiem.

Knio4eBble co0Ba: oueHka 6e30nacHoCTy, peabunntaums, Kpute-
puUM KOHEYHOro CTOCTOSIHUSI, aBapusi Ha YASC
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