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The climate of Khangalassky uluus is sharp-continental Characterizeg
winter and high summer temperatures. The Khangalassky uluus is i a by
The average monthly temperature of air in January is -40°C, in July - b
+19°C. The duration of the period with negative temperatures s !
months. Annually precipitations fall out at the rate of about 200-35¢
of soil is sandy loam. The depth of summer thawing of the soil is
[4].

Results of investigations of volume activity of radon in six premises equi
following popular models of gas boilers: KChM-5, AOGV, KSG-7, KSG.]g
and Wolf are presented. All investigated premises are private One-Storeyer
wooden houses built of larch with cellars equipped with small ventilation
avoid formation of fungi in premises, without preservation of Permafrogt
One can assume that the radon allocated from a ground does not accumy 3
because of ventilation under a floor of house. But because of winter
weather a house’s cellar is not aired for the December to February

fﬂ)m 80

investigated houses gas boilers are located in kitchens and have no separate ey

for boilers.

In the house located in 33, Khangalassky street measurements were carried ¢

2012 to 2016 where from 2012 to 2014 the house was equipped with the
KChM-5 boiler, then in 2015r the KChM-5 boiler was replaced with the gas §
boiler. In the house located in 77, the Reyevs brothers Street and equipped
universal AOGV boiler, the measurements were carried out from 2012 to 20
house located in 3, Victory street and equipped with the German gas boiler
measurements were carried out for the period from 2012 to 2016. From 20}
the measurement were carried out in the house located in 29, Khangalassky
the universal gas KChM-5 boiler was placed. In 2017 for the January to May
measurement were carried out in private houses to the following addresses:
Street, 4 Gorky Street in which boilers of KSG-10 and KSG-7 are used,
Measurement results
In this paper the results of long-term measurements of volume activity (VA)
dwelling houses with gas heating are presented.
The measurements were carried out with the device — a radiometer of
Guard PQ2000 (manufacture of Germany) which was installed near
directly measured radon in the air of a premise. Continuous measurements
out during a heating season from September till May: 4 days a month
investigated premise moving the device from one house to another oné.
present results of measurement of VA of radon for the whole investigated P
Equivalent equilibrium volume activity (EEVA) of radon for a nonequilibrt
of short-time affiliated products of decay in the air is called a volume activity
It is in balance with affiliated products of decay which has the same e
energy, as well as the given nonequilibrium mixture. It is calculated by
formula [6]:
EEVAR,‘=VAR,,>(F,Bq/m3 ) ;
where VAR, is a volume activity of radon, F is a balance factor betW
products of its decay which can accept values from 0 to 1. In
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a n;'e:an value of this factor, it is accepted as F=0,5. The given
.d in this work.
in the design of new buildings of housing appointment that the
- affiliated products of radon in air of premises is not more than 100
gwelling houses is not more than 200 Bg/m® [7].
7 the measurement were carried out on the universal KSG-5 boiler
2.5, KSG-10, KSG-7 gas boilers. The data of the measurements are

radon on the KChM-5, KSG-12,5, KSG-10, KSG -

7 gas boilers
Mean | Standard
| VA?Rn, | value | deviation | Temperat Pressure, Humidity,
| Bgm’ of VA ure, °C mbar %
i
| max:=95+29 534 173 max:=22 | max:=999,0 | max:=15
min:=17+8 A y min:=20 | min:=998,7 min:=12
1 max:=80+25 59.1 147 max:=21 | max:=1000,0 | max:=15
| min:=29+11 ¥ ? min:=20 | min:=999,8 min:=14
7523 | . | 10 maxé=2o, max:=1001,5 | max:=16
» min:=17+8 0 min:=1000,2 | min:=12
| max:=98+30 6.6 16.1 max:=26 | max:=1008,4 | max:=18
| min:=18+8 ; 4 min:=23 | min:=1008,1 | min:=7,4
d] max:=47+16 368 75 max:=21 | max:=1002 max:=15
min:=13+7 & ’ min:=20 | min:=1001,2 | min:=13
max:=21, 1y
| maxi=47+16 | o as i il max:=17,1
min:=7+5 mm:5=20, min:= 998.5 min:=12,4
max:=23, T o
max:=73+24 506 15.7 5 1021,3 m.—IO,G
7 | min:=17+8 4 % min:=22 min:= min:=1,7
| : 1020,1
y max:=10, max:=
-v max:=103+3 foy 8 1020,3 max:= 2,3
X . .2_ 05 z min:=10, min:= min:= 1
min:=21+10 3 10182

S of volume activity of radon are almost twice as high as for the KSG-
1e universal KChM-5boiler than for the KSG-12,5 have been obtained.

i
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16 the measurements were carried out on the universal AOGV boiler in
77, the Reyevs Brothers. The data of measurements performed are
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Table 2 - Results of measurements of radon on gas A v..m‘ results of radon VA have been obtained for the October to

TUoe of VA 22Rn. Mean | Standard | OGV bojje L the operation of automatic switch —on and switch-out of the
Year JDe.O Sors value | deviation emperaty Pre. - observations it is seen that EEVA of radon does not exceed the
g - of VA 35 C " concentration
2012- AOGV max:=150+46 911 14.1 max:=2] age values of OAP by months by all kinds of the investigated
2011; nun=1666:j:9 - > min:=2() : tigated period about 2012-2017 (figures 1-5) are visually presented.
2013- max:= max:=2 — radon measurements for 2012-2013.
2014 | A0V | min=psito | %61 4| sinng bR i
2014- max:=229+53 max:=2] - -
2015 1| A09Y | mineazery | 1041 B4 | wineons | X
2015- max:=197+51 max=213 | e
AOGV e 1124 43,7 S S RN
2016 min:=37+13 min:=20,5 e T .
2016 5 By —— KCHM-S
(septe b J Lamn o P2 x
mer- | AOGY | ™XTIUMIZ| 95 | 27 | Max=2LS | maxsifiy — : T
oo min:= min:=11,4 min:=]( BLLELAEL. ; “ Wolf
ber) e B R ol
It is seen from observations that EEVA of radon is at the level of maximum SR NS R e S 2012-2013
concentration of radon for new buildings, and below permissible level for | & \,,o" & VLR INES years
buildings. If we assume that the main source of radon indoors is burning of ng AN B ) !
hthoeu::;l::;fng factors can be the reason of high values of radon VA m, re 2 - Results of radon measurements for 2013-2014
1. Models of gas boilers, the low efficiency of a boiler leads to the i 2
volumes of consumed gas that is connected with the corresponding increas FETN
content indoors. / \L‘"‘\
o e
S0 Bad heat insulation of a house because of the high leakage of heat B 7 —— KCHMS
increase of consumed gas volumes. e \v—f\\ N L
T Sl /N
Since 2012 of measurement were carried out in premises equipped with = RS Wk
Wolf gas boiler in premises located at the address: 3, Victory Street. The ¢
measurements carried out are shown in Table 3. e 0132014
Table 3 - Results of measurements of radon on the Wolf gas hotiet o @é o\"’d (‘;p‘* ¥ & QQ& & vears
o2 @ )
Type |y ,zmp, | Mean | Standard |y 000 oA
Year | of gas Ba/m? value | deviation °C -
boilen q/m of VA e, 3 - Results of radon measurements for 2014-2015
2012- max:=126+36 max:=21
2013 | WO | minmggany [ 832 | 103 | min—208
2013- max:=56+20 max:=20,9
2014 | W | min=ggurs | 43 | 83 mini=20.5 |
2014- max:=79+24 max:= —e—KUYM-5
2015 WOl | it o8 i1 mini:zzgg —=—AOGV |
2015- max:=85+26 max:=20, : ‘
2016 Wolf min-=29+11 59,4 184 min:=20,3 e Wolf
ég;i o 2014-2015 |
max:=95:+29 max:=21, & & SN & O S vears w
g | NOE | eezaeg o 70 | B | mine30 7 s gl
be) L gure 4 - Results of radon measurements for 2015-2016
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Determination of annual dose loadings

The value of individual annual effective doge (ED) of the internal i
inhabitants of » settlement (district etc.) at the expense of short-i
products of radon isotopes in the ajr is calculated by data of mi
'sotope EEVA in the air of premjses and atmospheric air on the territory
(district, etc.) by the formula [8]:

EDpn = 9.5 x 1076 x 6552 (0.2 x EEVA,,,,,, + 0.8 X EEVAR,

time of a stay of people outside and in premises, respectively; if there
then for calculations of irradiation dosgq of population at the expense’

should be accept EEVA e = 6,5 Bg/m* according to the data 8
values of EEVA of radon isotopes in the ground layer of atmospheric &
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f
it is customary to calculate doses by the greatest possible variants

. So, using data from Tables, we make calculations for the
concentrations of radon,
" data, the annual dose loadings in the given settlement have
ula (2). Results of calculations are presented in Table 4.

_" 4 — Dose loadings in the investigated houses
VA Rn, Bg/m? Equivalent equilibrium

ST,
i 2 volume activity *2Rp,
(maximum value) Ba/m’®

Effective dose,
mSv/9 months

49+15

‘ 47+16 23,548
o 229453 114,5426,5
i 12636 63+18

i 73424 36,5+12

i 103+32 51,5416 26

| a dose loading from radon has been obtained in premises
ssian universal AOGV gas boiler i.e. 5,7 mSv/9 months that
permissible annual effective dose. And the least one — in the
th the KSG-12,5 gas boiler i, 1,2 mSv/9 months. In all
| the average, a dose loading on people is less of the permissible
’AED) equal to 10 mSv/9 months 9.

0
v

| data, one can assume that consumption of natural gas for heating
ases caused by a type of boiler and characteristics of the thermal
can lead to the excess of permissible level of EEVA of radon for
m*). In this case there can be situations when consumers have the
12l insulation that forces them to increase volumes of natural gas
. Which in turn, increases the content of radon indoors up to
.;i)ennissible one of radon.
Sufficient thermal insulation of walls and use of economical gas
A activity can be decreased several times in comparison with
Searches of dose loadings onto the population with radon are
fying of rural districts in Yakutia for various types of gas heating
tindicators of buildings.
i
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IMPACT OF CIVIL AIRCRAFT ON THE ATMOSPHERE

It is recommended for heating of apartment houses b
TO FUEL EFFICIENCY IMPROVING

boiler-houses for heat boilers. It is recommended to plZc:ﬂtum]
separate ventilated room for kitchen. 835 stoves g

This work gives a validity of necessity for further mor

€ pr
for a lot of gas coppers, and also the additional mess::f: e
apartment houses with oven and a central heating of build; menf
Yakutia are necessary. ngs

15 of vy
under
gmn?

. Tatiana Mikhina®
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