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1. INTRODUCTION

During practical activities aimed at operation of New
Safe Confinement (NSC) of ChNPP “Shelter” object,
diverse works are planned to carry out (dismantle of
unstable structures, subsequent retrieval of fuel-
containing materials, et al.), which can be resulted in
radiation impacts to public and environment. In force of
the fact that the NSC will contain a huge amount of
nuclear and radioactive materials, it can be referred to
radiation hazardous facilities.

In conformity with NRBU-97, limitation of public
exposure is implemented by way of regulating and
monitoring of aerosol releases and water discharges in
the course of operating radiation and nuclear facilities.

To reduce the releases, admissible release (AR) of
radioactive substances into environment must be
established, which refers to radiation and hygienic
regulations of first group.

To solve that task, NSC release modeling must be
conducted and impact of these releases to the public
should be estimated. Besides, one should identify the
critical group of public (i.e. groups, impact on which
will be maximal), as well as impact ways that are most
intensive in influencing a critical group.

AR was evaluated from the condition of non-exceeding
relevant release quotes due to all the ways of dose
formation (40 PUSv/year) at 10 km distance from NSC.

2. PROCEDURE FOR RELEASE IMPACT
ESTIMATE

To identify release impacts to public, one should
estimate effective dose of human exposure with
considering all dose formation ways.

There are the following main release impacts to a man:
e internal exposure conditioned by radioactive

substance intake to human organism with food;

e internal exposure due to radioactive substance
inhalation;

¢ external exposure from radionuclides precipitated on
the earth;

e external exposure conditioned by
radioactive cloud.

The following foodstuff makes the basis for man’s
food allowance: potable water; bread; potato; cabbage;
fruits and berries; leaf vegetables; meat and its
processing produce; milk; fish.

staying in

3. RADIOACTIVE SUBSTANCE
CONCENTRATIONS IN THE AIR AND SOIL.
CONTINUOUS RELEASES

As release cloud moves, radioactive aerosol
precipitate on earth surface. Surface source of external
exposure is formed. Radionuclide precipitation density
on the soil after release © (Bq/s) is defined from the
formula [1]:

AS:Qo@G+AG2y (1)

Q_ Bq/S’
precipitation velocity, m/s; G — meteorological dilution
factor, s/m’, under which is implied the ratio of

volumetric activity of radionuclide in atmosphere to a

release per time unit; A — wash-out constant, ¢!,

where release intensity, Vg— dry

depending on precipitation type, raindrop spectrum,
precipitation intensity; GZ— integral of dilution factor
G along vertical coordinate z, s/m?,

N = kkyl, (2)
where I — precipitation intensity, mm/hour; £, = 1073
hour/(mm *s) — standard value of absolute rain
washing-out ability (for all nuclides beside inert
gases), specific for rain intensity /=1 mm/hour; k¢ —

relative washing-out ability for diverse precipitation
types (see Table 1).
H

G*(x,»)= [G(x,y,2)dz, 3)
0
where H, — height of cloud lower boundary —
precipitation source (m).

Table 1. Relative washing-out ability for diverse
precipitation types [1]

Precipitation type kg
Rain 1,0
Rain with thunderstorm 1,1
Snow with thunderstorm 2.4
Rainfall 2,8
Snow 3,0
Drizzle 4,5
Mist 5,0
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Rough estimate of meteorological dilution factor in
vicinity and at up to 10-km distance behind the zone of
near-surface concentration maximum can be made using
the procedure of envelope:

N 2 0 N F(x) @
@n)*'? Vehix’
where 1 — wind rose oblongness in specified direction;
F(x) — cloud exhaustion function; # — release source
height, m; # — wind average velocity, m/s; x — distance
from a man to release source.

This formula gives maximum (conservative)
estimates in the sense, that under any law of vertical
dispersion factor change and any reiteration of weather
conditions, no high concentration values can be
obtained.

Wind rose oblongness in specified direction is
defined by the following formula:

n=n/ng, ®)
where n and 7y — wind direction reiteration in a given
azimuth sector under real wind rose and under round
wind rose, accordingly.

Function of radioactive cloud exhaustion as result of
dry precipitation is defined by the following formula:

0 X 1 H h2 H 0
F(x)= expl- 4 DI E—Eﬂexp ey dx[l, (6)

E 0 0 H 20 z H E
where A= ,/(2/1) D(vg /u(h); u(h) — horizontal
constituent of wind velocity in dependence of effective
release height, m/s; 0 ,— mean-square deflection of

z

admixture distribution in release cloud due to turbulent
diffusion in vertical direction, m;

u(h)= u(2)0(h/2)?, @)
where #(2) — wind velocity at 2 m height, m/s; p —
factor from Table 2.

Table 2. Exponential factor values p _for wind velocity
estimate

f(z0%)- %1}1 clxd' (1+ czxdZ )I,,z0 > 10 cm;
0,X)=

Aln|c,x* /(1+ e x% )|, zy € 10 cm.

(10)

The main factors needed for estimates are shown in
Tables 3-5.

Table 3. Factors applicable for estimates of jet lateral
dispersion 0 , and function g&(X)

Atmospher
e stability | o '™, a by @ b,
category by m
Pasquill

A 1600 0,112 1,06 5,38:10* | 0,815
B 920 0,130 | 0,950 | 6,52:10* | 0,750
C 640 0,112 | 0,920 | 9,05-10* | 0,718
D 400 0,098 | 0,889 | 1,35:10° | 0,688
E 220 0,0609 | 0,895 | 1,96-10° | 0,684
F 100 0,0638 | 0,783 | 1,36:10° | 0,672

Air stability category using Pasquill

A B C D E F
Standard | o | 07 | 0.10 | 0.15 | 035 | 0.55
conditions

Urban | 151 615 | 020 | 0.25 | 0.40 | 0,60
conditions

Dispersion factors 0, are defined in dependence of
weather conditions using Smith-Hosker formula:
_ ﬁf(Zo,X)g(X),f(Zo,X)g(X)S 0
0 z (X) - max max (8)
@Uz o f(ZO’x)g(x)> Uz o

max _

where ¢ ;

limiting value 0 ; for given category of
atmospheric stability; zo — height of underlying surface
roughness, cm; x — distance from release source, m.

Functions &(x) and f(zg,x) are estimated
depending of atmosphere stability category due to the
following formulae:

g(0)= apx™ [+ ayxt), ©)
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Table 4. Factors of function f(2¢,X) modifying 0 ,

for diverse roughness height z

Roughness
height zg , cm “ a @ @
1 1,56 0,0480 6,25-10" 0,45
4 2,02 0,0269 7,76-10* 0,37
10 2,73 0 0 0
40 516 | -0,098 538102 | 0,225
100 7,37 | -0,00957 2,33-10* 0,6
400 11,7 -0,128 2,18:10° 0,78

Table 5. Roughness height z( for diverse types of
surface microrelief

Microrelief Zp, cm
Snow, 1 cm high lawn 0,1
Mown and low grass to 15 cm 0,6...2
High grass to 6 cm 4..9
Heterogenous surface with

10...20

alternate grass areas, shrubs etc.
Park, forest to 10 m height 20...100

4. RELEASES OF RADIOACTIVE AEROSOL
ADMIXTURES INTO ATMOSPHERE

According to [1], individual average annual dose
rate is conditioned by intake of radioactive substances in
human organism with foodstuff, is defined as follows:

H-= ASDKFD, (11)

where — individual average annual dose rate, Sv/s; 4 —
S

contamination intensity, Bq/(m*(d).

Kpp = Kpp UBjg (12)



where Ky — factor linking contamination level with

radionuclide intake into organism, m* B, — factor

g
linking activity coming with foodstuff with effective
dose (depends on age) [3], Sv/Bq.

Effective dose rate of external exposure H, (Sv/s)
due to each nuclide for a man staying on earth surface
conditioned by a radioactive aerosol cloud, which was
produced as result of release, is defined from the
formula:

H, = AV DBay > (13)

where A4y — radionuclide volumetric activity, Bq/m’;

~

B,, — transient dosimetric multiplier (depending on

age) characterizing effective dose rate created by a
radioactive aerosol cloud of single concentration at open
earth surface [3], Sv m*/(s[Bq).

Effective dose Hj,;;(Sv) conditioned by inhalation
intake of radioactive aerosol, is estimated by the
formula:

Hint = VageTeIageAV s

(14)

where Vige — breathing rate (depends on age) [4],

m’/hour; T — stay time in aerosol cloud, hour; €rage —
dose per unit of activity intake by inhalation way
(depends on age) [3], Sv/Bq.

Effective Hip 1 (Sv)
inhalation intake of resuspended dust is estimated by the
formula:

dose conditioned by

Hintir = VTeIageAV*, (15)
where Ay *— volumetric activity due to resuspended
dust, Bg/m’.

Ratio of volumetric activity produced due to
resuspended dust and nuclide volumetric activity under
absence of wind rise, is defined as follows:

Ay * A0 K K,,0
Fm = (v + ——)p——+ 127, (16)
Ay HZP*™ Ghithy Ay g

where  Ky;=107°m™!; K02:10'9m'1; Moo

constant of deflation factor reduction for rapid phase,
A= 1,46 1o 7 ¢! : A 5 — constant of its more prolonged

reduction, ), = 22010 1%s7!; HP*™ — mixing layer

height, m, which is defined by formula:
HZ* = \/(n/2) 0o ¥, 17)

Dose conditioned by radiation of soil contaminated
surface, is defined from the formula:

Hsurf = AS BS\[Te‘/f’ (18)

.
surf

expectable dose per contamination unit (depends on
age), Sv m%/Bq.

where § — expectable dose, Sv/s; Byl —

Considering the fact that main contribution into
external exposure from soil contaminated surface

induces '¥'Cs, BT 5 = 10101077 Sv m¥/Bq [1].

5. PROCEDURE FOR ADMISSIBLE
RELEASE ESTIMATE

To estimate admissible release, PRC-1 program was
created, which allows estimating AR with considering
all described ways of dose formation from NSC
releases. The program features permit working with all
initial data, changing them with the help of MS Excel,
as well as displaying any needed information in graphic,
or table form.

For more pictorial view and facilitation of work with
the software, it was compiled as follows. First, single
release impact to public is estimated, thereafter by way
of iterations with indicated accuracy the set of releases
is made to achieve required dose quote.

In estimating AR, radionuclide content of NSC
release is considered. Based on the fact that projected
NSC existing time — 100 years, radionuclide content of
releases through each 10 years of NSC operation was
estimated as an assumption that radionuclide content
correspond to SO fuel content [2] in the same year.

6. ADMISSIBLE RELEASE VALUES

Based on above procedure, estimate of admissible
release for total NSC operational life time for critical
group of public was made. Besides, an estimate of
admissible release for B- and a-emitting nuclides and
dust fuel release from the NSC was made. Estimate
results are shown in Table 6. Estimates were made for
five reference ages of man (new-born, 1 year, 5 years,
10 years, 15 years, adult), and for the two sexes.

Reduction with time of summary AR and B-emitting
radionuclide AR is conditioned by influence of different
chains of radioactive decay. Simultaneously, the main
B-emitting radionuclides decay with half-life being 30
years and less. At the same time, total alpha-activity
even increases due to >’ Am accumulation resulted by
Py B-decay (maximum value will be reached
approximately to the year of 2050). Because of it,
contribution to dose from a-emitting radionuclides will
increase, and their AR will grow. Naturally, total
amount of dust fuel will also increase, whose release
will lead to dose for public of 40 puSv/year at 10 km
zone border.

Contributions to quote due to diverse dose
formation ways in the beginning (for 2010 year) and in
the end of NSC operation (2110 year) are submitted in
Tables 7 and 8.

In the beginning of NSC operation (Table 7), dose
will be, mainly, defined by internal exposure (around 34
MUSv/year), in addition due to radionuclide intake
through food chains (around 28 uSv/year).

Under external exposure, dose due to immersion in
cloud is negligible one and relatively low dose (1,1 H
Sv/year) is mainly defined by "“'Cs radiation from
contaminated ground surface.



In estimating doses under inhalation intake of
radionuclides, two mechanisms were considered too —
direct exposure in radioactive cloud due to exposure
release occurred and from resuspension of dust
precipitated on surface. Beginning from, approximately,
the third year of operation, relative contribution to
inhalation intake dose directly from a cloud remains,
practically, constant one, and makes around 2/3 of all
inhalation doses.

Ingest dose is, mainly, defined by dose conditioned
by aerial way of contamination of agricultural produce
(around 24 pSv/year). There are less, at a significant
rate, of doses (2,2 uSv/year) due to contamination of
water medium resulted by releases. Around 54 p
Sv/year — dose due to root way of contamination.

To NSC operation end, the situation can somehow
change (Table 8). Determining contribution to dose will
induce ingestion intake of alpha-emitting nuclides. Dose
due to that mechanism may total around 28 pSv/year,
some 6 PSv/year will be defined by intake through food
chains, mainly, due to alpha-emitting nuclides.

One should consider that the releases from NSC
operation will not be uniform in the course of a year,
and will depend on type and intensity of works being
implemented. In case of conduct of dust-producing
works in pre-harvest period, which will be accompanied
by intensive release during a short time period, annual
dose can essentially increase. That fact should be
considered when planning the works in NSC.

The main conclusions of carried out modeling are:

* before 2080, critical group is 15 year teenagers of
male sex, after 2080 — adults of male sex;

e during all NSC operation period is expected that
most ingestion dose will be from bread
consumption;

* in NSC operation start, ingestion dose is mainly
defined by dose conditioned by aerial way of
contamination of agricultural produce;

* in NSC operation end, determining contribution to
dose will be induced by inhalation intake of alpha-
emitting nuclides.

Table 6. Main results of admissible release estimate

e | Rt Rt s S| Wi | Aheeniine | A | s
? ? AR, Ci AR, Bq AR, Ci AR, Ci >
2010 8,3 3,07E+11 8,1101 3,00E+11 0,1899 7,03E+09 167,71
2020 7,6 2,81E+11 7,3581 2,72E+11 0,2419 8,95E+09 200,52
2030 7 2,59E+11 6,7033 2,48E+11 0,2967 1,10E+10 238,77
2040 6,4 2,37E+11 6,0485 2,24E+11 0,3515 1,30E+10 279,75
2050 5,85 2,16E+11 5,4415 2,01E+11 0,4085 1,51E+10 325,06
2060 5,3 1,96E+11 4,8359 1,79E+11 0,4641 1,72E+10 371,54
2070 4.8 1,78E+11 4,2789 1,58E+11 0,5211 1,93E+10 421,36
2080 4,35 1,61E+11 3,7702 1,39E+11 0,5798 2,15E+10 474,57
2090 3,9 1,44E+11 3,2676 1,21E+11 0,6324 2,34E+10 524,61
2100 3,4 1,26E+11 2,7354 1,01E+11 0,6646 2,46E+10 559,17
2110 2,95 1,09E+11 2,2613 8,37E+10 0,6887 2,55E+10 587,79

Table 7. Contribution into effective dose from admissible release of diverse nuclides and diverse ways of impact at
NSC operation start

Internal exposure External exposure
Dose due to intgke Dose due to intake through alimentary chains, USv
through vegetative Dose due to Dose d External dose from
and meat chains for Dose due to RS . ose due to surface
individual Contamination Contamination | consumption of inhalation, | immersion in cloud, contamination
radionuclides, aerial way root way fish and water, 1 Sy HSv 1¥7Cs, uSv
HUSv Sv
B1Cs 9,26 0,08 2,05E-07
Sy 16,14 0,13 1,81E-07 1.1
Alpha-emitting 24,34 3,65 54 5,3 4,13E-08
nuclides 2,28
#1py 0,36 1,85E-03 2,25E-11
Sum 28,04 33,39 5,51
Dose sum of
Dose sum of internal exposure 38,9 external exposure 1,1
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Table 8. Contribution into effective dose from admissible release of diverse nuclides and different impact ways at
NSC operation end

Dose dute to intak Internal exposure External exposure
ose due to intake
through vegetative Dose due to intake through alimentary chains, uSv
and meat chains for Dose due to |External dose from
individual Dose due to Do'sc;dluet.to RS| i mmersion in surface
radionuclides, Contamination | Contamination root | consumption of | ™M ; 1on, cloud, contamination '¥'Cs)
HSv aerial way way fish and water, [ HSV HSv uSv
Sv
B1Cs 1,19 6,79E-03 8,66E-08
0,5
Sy 3,35 2,00E-02 6,74E-08
Alpha- 31,03 1,10 221 5,14E+00 1,74E-07
emitting 27,56
nuclides
1,35E-04 2,30E-12
#1py 0,04
Sum 32,13 34,34 5,17E+00
Dose sum of
Dose sum of internal exposure 39,5 external 0,5
exposure
Thus, when planning activities for protection of REFERENCES

public and environment during NSC operation, radiation
monitoring must be provided of NSC releases, of
radionuclide concentrations in air (in first turn of *Sr,
B’Cs and **'Am), of surface contamination levels, of
radionuclide content in foodstuft.

It seems as inexpedient to grow cereals (except feed-
preparing works), near exclusion zone borders,
especially in case of reduction of its dimensions.
Besides, one should consider the fact that in case of
reduction of borders of 30 km exclusion zone to 10 km,
practical implementation of all agricultural works must
be provided on the basis of recommendations for
agricultural activities on the territories that are
contaminated with radionuclides. It implies that a
complex of measures (counter-measures) should be
implemented to minimize radionuclide intake into the
products of agricultural industry and conduct of
continuous radioecological monitoring.
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MATEMATHYECKOE MOJIEJIMPOBAHME BO3JIEMCTBUI ITPU BBIBPOCAX U3 OBFBEKTA
“YKPBITUE”

B.I'. bamui, C.A. Ilackesuu, B.M. Pyovko, A.A. Cuzos, B.H. Il]epoun

Omnucana METOANKA MATEMATUICCKOI0O MOACIINPOBAHUA BO3JICCTBHM Ha HACEJICHHE 0 BCEM BO3MOKHBIM IIyTsIM
B PE3yJIbTaTC BO3MOKHOTO BLI6pOCEl PaaAuOAaKTUBHBIX BCHICCTB. HpI/IBeﬂeHH PE3YIbTATBI pacyueTa AOIYCTUMBIX
BLI6POCOB Ha Ppas3jiMgHbIX 3Talax J3KCIUTyaTaluh HOBOT'O 0e3011aCHOr0 KOH(I)aﬁHMeHTa HaJ CYHMECTBYIOIIUM

00bekToM “YkpbiTne” YepHoObUTHCKOI ADC.

MATEMATHUYHE MOJAE/JIIOBAHHS BIIVINBIB TP BUKUJIAX 3 OB’EKTY “YKPUTTA”

B.I'. bamiii, C.A. Ilackesuu, B.M. Pyosko, A.O. Cizoe, B.M. Il]epoin

OnncaHo METOAMKY MaTeMaTHYHOTO MOJEIIOBAHHs BIUIMBIB Ha HACEJICHHS 33 BCIMa MOXJIMBUMHM IUIIXaMH Y
Ppe3yJIbTaTi MO>KJIMBOTO BUKHIY PaJiOaKTUBHUX pedoBHH. HamaHo pe3ynbTaTH po3paxyHKY NOIMYCTHMHX BHKHIIB Ha

pi3HHMX eramax eKcIuTyaTamii
YopHobunbscskoi AEC.

HOBOrO Oe3neyHoro KoHpalHHMEHTy Haj

iCHylouuM 00’ekToM “YKpUTTS”
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