MATHEMATICAL MODELLING OF RADIOACTIVE DUST RISE DUR-
ING COLLAPSE OF “SHELTER” OBJECT BUILDING STRUCTURES
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Model calculations of general dust quantity which is possible to raise during possible crashing of “Shelter”
building structures are shown. Mechanism of particle “jump-up” i.e. raising of particles due to dusted surface oscil-
lation is used during calculations. It is shown, that particles with diameter 20 pum are possible to overpass border

sublayer and raise over ruins of the “Shelter” building.
PACS: 28.41Te

The “Shelter” object’s safety level depends to a
great extent from the reliability of engineering barriers
represented by external bearing and fencing structures,
ferroconcrete elements of foundation-basement part, and
internal structures of the walls and ceilings. The assess-
ments carried out have shown [1] that during an earth-
quake of some five numbers in MSK-64 scale, a col-
lapse is possible of “Shelter” object internal structures,
which can entail a considerable dust rise of “Shelter” ra-
dioactive dust and its release in close vicinity to the Ob-
ject. On top of that, with 10~ year" probability, F1, 5
class tornado can arise at the ChNPP industrial site,
whose passage over “Shelter” itself can also bring to the
collapse of unstable building structures.

Currently there is an opinion that there two basic
mechanisms of dust resuspension after falling of build-
ing structures on “Shelter” dusty surface: dust blow-off
with airflow arising during structures collapse and dust
particle “jump-up” associated with dusty surface fluctu-
ations [2-5].

This report covers the particle “jump-up” mecha-
nism, i.e., particle rise appearing due to dusty surface
fluctuations.

Let us assume that a solid of M= 100 10° kg is
falling on a dusty surface from H = 10 m height. Such
surface fluctuations arising after transfer to it of falling
solid pulse, will lead to dust particle rise.

Let us introduce the main values defining the param-
eters of falling solid and of material of surface, from
which dust rise will occur:

P surf = 2500 kg/m®, [=54m,s=24m, h=0.8 m,
E=0.810"Pa, 0=0.18,
where P sur — surface material density (concrete densi-
ty), E — g -
1, s, h - length, width and height of plate, corresponding-

ly.
Cyclic frequency of surface fluctuations is define
from expression [6]
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where m, n = 1,2, ... are the harmonic numbers along
axes x, y, correspondingly, and surface cylindrical hard-
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Here A is averaged fluctuation amplitude. Depen-
dence of frequency f, vibration amplitude A, velocity
vertical component Vpax and acceleration Wpax of
fluctuation harmonic number along axis x is shown in
Table 1 (it was assumed that fluctuation harmonic num-
ber along axis y n = 1).

Table 1. Dependence of frequency f, vibration am-
plitude A, velocity vertical component Viax and accel-

eration Wmax of fluctuation harmonic number along

axis x
-1
m Vmax » (m/S) Wmax » (m/sz) f; (S )
1 8,86 241,42 4,34
2 13,24 539,46 6,48
3 20,55 1298,94 10,06

Dust particle interaction with diverse surfaces is
characterized by adhesion force. In [8] experimentally
measured values of adhesion force are shown F,; in
dependence of diameters of adhered particles. The
above dependence can be well approximated with the
expression
dd-2mo7 § @
d21mo™s B

where d — particles diameter (Um).

Dust particles capable to overcome the laminary
sublayer are rising over surface and produce a dust cloud.
Laminary sublayer thickness is defined from the ratio [8]

F,y = 1.3010  %exp
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where x is the distance from frontier area of surface be-
ing blown in (x=10 cm), v, is air kinematic viscosity.
In Table 2, dependence of laminary sublayer thick-
ness & of velocity vertical component Vmax is shown.

Table 2. Dependence of laminary sublayer thickness
O of velocity vertical component Vmax

8,86 13,24 20,55

Vmax » (/)

5, (mm) 0,15 0,1 0,07

One should note that measured in [7] inherent
fluctuation frequency of “Shelter” structures is about
8 ... 10 Hz. Considering the data shown in Table 1
and 2, one should take as m = 3.

Equation of particle movement, possessing initial
velocity v(t= 0)= vy = Viyax in air medium, has the
type
md‘;(tt) =Py -k,

where m=p p(mnd3/6 is dust particle mass; P part

(6)

= 6500 kg/m® is dust particle density; £y = Mg is gravi-
tation interaction force; F is forces resisting to particle
movement.

Choice of expression for forces depends on move-

ment type, which is defined by Reynolds figure value
Re. Besides the expression for resistance forces must in-
clude adhesion forces F,y [8].

For Reynolds figures Re is much more than 1, resis-
tance force equation for medium can be presented as
follows

1
Fy = ESACDp 6V2 : (7)

In this formula, S, is the projection square of dust
particle to the plane that is perpendicular to particle ve-

1
locity (S 4 = Zﬂd 2 for spherical particles), Cp is the

medium resistance factor [8]

Cp = 24(1+ 0.15Re™ %7 )/ Re . ®)

Equation (6) let us show as follows

dv(t

PO L, ©)
dt m m
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where fi=mgt Fyy, f>= ESACng' Solution of equa-

tion (9) looks like as regards

_q al ayml
v(t) = —tan —Dt-—DH, (10)
f2 H mp a
In this formula, the following values are introduced:
v
H maxf 2 H (1 1)

ay=yff, , ap =arctan .
1 ? 1A% b
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The time, during which a particle reaches maximum
height, and maximum height of rise, are defined from
the ratios

a

[=Tax = a_l’ (12)
, mlnEH 7ijfxf2 H
himax = - =
J(')v(t)dt 27
(13)
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Table 3 shows the values of critical diameters d,,
of particles (under critical diameter is implied the mini-
mum value of particle diameter, above which the parti-
cle is capable to overcome laminary boundary layer and
to rise over ruin surface), rise maximum time #p,x , CoOr-
responding to critical diameter, laminary sublayer thick-
ness O and fluctuation harmonic number m.

Table 3. The values of critical diameters d.. of
particles, rise maximum time tmax, corresponding to

critical diameter, laminary sublayer thickness O and
Sfluctuation harmonic number m

m dey , (um) 3, (mm) Imax » (Us)
1 40 0,15 0,4
2 30 0,1 0,12
3 21 0,07 0,06

Above results testify the facts that over rather short
time the particle of d>20 um diameter is capable to
overcome laminary boundary sublayer using “jump-up”
mechanism.

One should note, in above “jump-up” mechanism it
was not assumed that rising particle would
“elementary”, but it deemed that the particle would have
a sphere form. In other words, in seen mechanism the
conglomerates of bound small particles can rise, whose
bonds can later be destroyed in dust cloud. After de-
struction of those bonds, the newly produced particles
will maintain “life time” durability of dust cloud and
make its contribution to its activity.

To evaluate total dust amount being risen due to
“jump-up” mechanism, let us apply described in [2] ex-
perimentally measured distribution of dust particle num-
ber in dependence of their diameter (see figure).
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The above [2] experimentally measured distribution
of dust particle number f(d) can be satisfactorily ap-
proximated by Gaussian function

f(d)= 1376+ 458.12exp{- 0.056(d - 4.12)%} . (14)

Let us suppose that all particles, which can over-
come laminary sublayer, will rise over surface with pro-
ducing a dust cloud. The particles of more 300 um mass
are of immediate precipitation; therefore in estimating
particle diameter ranges were limited by this value.

Total dust particle mass risen after structure collapse
from a single site was defined from the ratio

n’pqdz 2
m= [ f(d)d*d, (15)
d,

where d|, dy — range of risen particle diameters, pm.

As it was mentioned above, in estimating it was as-
sumed that the range of risen particle diameters is as fol-
lows: d =20 um; d3 =300 um.

Obtained value of total dust amount, which can rise
from dusty surface when implementing such a scenario
of building structures collapse, totals around 1,7 ton.

One should note that a similar approach was used in
[4] for quantitative evaluation of mass of dust being
risen as a result of SO building structures collapse en-
tailed by an earthquake. The estimates demonstrated in
[4] have shown that under such a scenario of collapse
the total mass of risen dust will make value of around 3,5 ton.

It was noted in this report that the main mechanism
of dust resuspension is the dust blow-off mechanism.
Delivered in [4] estimates for "jump-up" mechanism
have shown that the diameter of dust particle being risen
= 328 pum. One should note that in [4], in contradistinc-
tion from this report, medium resistance forces were
used for liquid laminary flow, and adhesion forces were
not considered.

In the work [9] it was marked that basing on existing
data it is complicated enough to quantify total dust mass
as a whole for the Object, and there is a lack of informa-
tion pertaining to dust concentrations in the air and to
distribution of dust particle sizes. In this report, some
recommendations were worked out for conduct of addi-
tional sampling, subsequent measurements of total dust

mass and it radioactive components. Implementation of
such experimental measurements will need further
studying of dust resuspension mechanism.

One should note that described approach was used in
analyzing the consequences of probable destruction of
“Shelter” Object building structures associated with
falling of loads and extremal wind-induced impacts (tor-
nado) in drafting detailed work design for stabilization
measures at the “Shelter” object and Conceptual Project
of new safe confinement.
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MATEMATHYECKOE MOJEJUPOBAHUE NOJJBEMA PAJITMOAKTUBHOM IBLJIA ITPU OBPYIIIE-
HUU CTPOUTEJBHBIX KOHCTPYKIIUI OB BEKTA “YKPBITHE”

B.I'. Bamuaii, B.Il. Muxainox, FO.H. Pybexycanckuii, B.M. Pyovko, A.A. Cu3oe, /1.B. @edopuenxo

IIpoBeneHbl MOAENbHBIE PAcUEThl OOIIET0 KOJIMYECTBA IMBUIH, KOTOPAas MOXKET MOJHUMATHCS MPH BO3MOKHOM
00pyIIeHUN BHYTPEHHUX HECTaOMIBHBIX KOHCTPYKIHHM 00bekTa “YipbiTne”. Ilpn pacuerax paccMaTpuBajcs Mexa-
HU3M “TIOJICKOKA” YaCTHIL, T.€. MOIeM YACTHII, BO3HUKAIOIINH M3-3a KOJICOAHUH 3albICHHON MOBepXHOCTH. [Toka-
3aHO, YTO YACTHIIBI ITBLIN THAMETPOM OKOJI0 20 MKM CIIOCOOHHI IIPEO0IEeBATh JIAMHHAPHBIH ITOTPAHUIHBIHA MTOJICITON

¥ TIOJJTHUMAThCSI HAJl pa3BallaMu 00beKTa “YKphITHE .

MATEMATHYHE MOJEJIOBAHHSA HNIJJHOMY PAJIOAKTABHOI'O MUY IIPU PYMHYBAHHI
BYAIBEJIBHUX KOHCTPYKIIN OB’EKTY “YKPUTTA”

B.I'. bamiii, B.I1. Muxaiinwk, F0.1 Pybescancokuii, B.M. Pyovko, A.O. Cizoe, /I.B. @edopuenxo
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IIpoBeneHO MOJCIBHI PO3pPaxXyHKH 3arajbHOI KUIBKOCTI MUY, SKHA MOXKE MiTHIMATHACS MPH MOXKIHBOMY
pyiHYBaHHI BHYTPILIHIX HECTAOIIbHUX KOHCTPYKLii 00’ekTy “Ykpurts”. [Ipu po3paxyHkax po3risiaaBcsi MeXaHi3m
“miICKOKy” YacTHHOK, TOOTO IiIOM YAaCTHHOK, SKWH BHHHWKA€ BHACTIJOK KOJMBAaHb 3allMJIEHOI ITOBEPXHI.
[TokazaHo, 0 YaCTHHKH MWIY AiaMeTpoM Omm3pko 20 MKM 3IaTHI IOJIATH JAMiHapHUN NMPUKOPAOHHUH mimmap i
TiAHIMATUCS HaJl po3BaTaMy 00'eKTy “YKpHUTTS .
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