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1. Introduction referred to as A-G houses) located in the evacwatio
area of Fukushima Prefecture were used. Dose 1 was
When a serious nuclear power plant accident caaises measured at a height of 1 m above ground levéieat t
large amount of radioactive material to leak aneag, four corners of the exterior of the houses, dosgag
local residents are quickly evacuated. In 2011, the measured at a height of 1 m above the floor in the
Fukushima Daiichi nuclear power plant accident edus center of the room, and dose 3 was measured atjlathe
large amounts of radionuclides to accumulate acrossof 5 cm above the indoor surfaces of the floor,lsyal
Japan, leading to evacuation orders for large aoéas and ceiling. Doses were measured at the centeneof t
Fukushima Prefecture. Areas where annual cumulativefloor and ceiling and on surfaces around openings
doses are expected to exceed 20 to 50 millisiewerts (defined in this paper as windows, doors, vents, ai
50 millisieverts have been designated as no-gonard  conditioner outlets and outlets) to investigateitidoor
return zones, respectively, and residents have beenlistribution of radionuclides and the main entry
evacuated. Decontamination activities are gradually pathways. The air intake from these openings haah be
expanding the areas where residents can retudmeto t reported to be high (Murakami and Yoshino, 1989). [

homes [1]. After these decontamination activitigsy Doses around the openings 3 were measured on
need to assess the radiation exposure of residents surfaces approximately 10 cm and 50 cm or more from
preparation for lifting occupancy restrictions. Hawer, each opening.

the distribution and penetration pathways of

radionuclides are unclear, making it difficult to 2.3 Computational Smulation Methods

accurately assess indoor and outdoor doses. These To determine the contribution of soil contamination
exposure prediction models require the subsurficGe o to the exposure dose and contaminated surfaces, dos
residential area and the radionuclide concentration rates were calculated using PHITS . A two-storyual
each surface, or the ratio of the concentratioreach building with each floor measuring 12 m x 8 m x |5
surface to the subsurface concentration, as paeasnet as shown in Fig. The thickness of the walls, r@ofd
representing the indoor and outdoor radionuclide floor was assumed to be 4 cm. The density and
distribution. In other words, it is important todw the elemental composition of the walls, roof, floordasoil
extent of contamination of the ground surface and were based on Furuta and Takahashi (2014, 2015).[10
subsurface in residential areas, and it is necggsar Cs-137 was assumed to be uniformly distributed ( =1
investigate the factors that affect the distribmtiof Bg m-2) in the following locations p(i) outdoor gmud
radionuclides in order to investigate the generadit surface except under houses, p(ii) undergroundpgxce
the indoor and outdoor radionuclide distributioruelxo under houses, and the depth profile of the conataoitr

the Fukushima Daiichi nuclear power plant accidant, C described by the exponential function was givgn b
large amount of radionuclides were released in® th the following equation.

atmosphere, and various investigations on the A result was obtained for the ratio of dose 1 teed@.
distribution of radionuclides indoors and outdobave Dose 1 was measured at the point closest to the

been conducted. measurement point of dose 2. Dose 1 values varied
2. Methods and Results from house to house due to differences in the amoiun
radionuclide deposition, and ranged from 0.83 t®85

2.1 Materialsto be evaluated uSv h-1. Since these values are much higher than the

natural radiation level of 0.08Sv h-1 in the area, it is
After the nuclear accident, various measurements ofclear that Dose 1 was caused by man-made radiation
radionuclide contamination on indoor and outdoor according to Minato, 2006. Therefore, the discus$n
surfaces of residential dwellings were made. Thdyst  this study does not consider the effects of natural

was based on these measurements. [2,3,4 5,6,7,8]. radiation. Dose 2 varied from house to house and
ranged from 0.47 to 8.31Sv h-1, with higher values
2.2 Sampling targets for dose 2 in the same locations where dose 1 was

Ambient dose rates measured with a Nal(Tl) higher inside the houses.
scintillation dosimeter in October and November 201
in eight houses in Futaba and Okuma villages (fimrea
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Roof (Clay tile) | 3. Conclusions

dcml
Comparisons of post-Fukushima survey results show

Wall (Wood) 250 cm different levels of contamination measured on roofs
compared to the ground in Fukushima and Europé.[8,6
Second floorboard (Wood) However, because there is_ insufficien'; i_nforma}tton
— explain the causes of the differences, it is natsfize
Point 7, 8 to determine whether the ratio of contamination on
i ; roofs to the ground should be different for differe
I Smpt countries and roof materials. More information twe t
50 cm <] Point 3.4.5 6 contamination levels of indoor and outdoor surfaices
: Fukushima is needed to clarify this difference..

Pointt | 250 cm
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Table 1. Measured outdoor and indoor dose rate:$hen

ratios of indoor to outdoor dose rate. REFERENCES
House | AVe-Dose | Ave. Dose in/out [1] Reconstruction Agency 2016, Basic guidelines for
(Indoor) (Outdoor) reconstruction in response to the great east Japehquake
A 2.766 5.979 0.479 in the Reconstruction and revitalization perighittp://www.
reconstruction.go.jp/english/topics/Laws_etc/201B0%asic
B 1.789 4.029 0.455 -guidelines.pdf(accessed 16.08.24.).

[2]Andersson, K.G., 2009. Migration of radionuclden
¢ 6.299 15.466 0.409 outdoor surfaces. In: Radioactivity in the Enviromtevol.
D 0.666 1.201 0.567 15. Elsevier Science, pp. 107-146.

[3] Nichoison, K.W., Hedgecock, J.B., 1991. Behaviair
E 0.480 1.060 0.457 radioactivity fromChernobyl-weathering from buildi&gJ.
F 1.083 4.523 0.243 Envrion. Radioact. 14, 225-231.

G 1.939 5.674 0.358 [4] Allott, R.W., Kelly, M., Hewitt, C.N., 1994. A wdel of
. : . environment behavior of contaminated dust andgpieation
H 3.329 6.734 0.507 to determining dust fluxes and residence times. o&tm

Environ. 28, 679-687.

i [5] Roed, J., 1987. Dry deposition in rural and urldaeas in
Table 2. Calculated dose rates (nSvih Activity Denmark. Rad. Prot, Dos. 21 (1/3), 33-36.

concentration of Cs-137 was set to 1 Bg2n [6] Andersson, K.G., Roed, J., Byrne, M.A., Hessith,

on in on on on on Clark, P., Elahi, E., Byskov, A., Hou, X.L., Prip,,HDIsen,
Point | ground | ground ;’V‘;tl‘li‘;“ roof p ;‘V‘gﬁﬁ floor p S.K., Roed, T., 2004. Airborne Contamination in thddor

p@ [ pGD | (G (iv) ™) (vi) Environment and its Implications for Dose. Risg-R-A4Bisg

1 | o154 | 0068 | 0065 |0.003 | 0.085 | 0.033 National Laboratory.

2 0.16 0.066 | 0.065 | 0.003 | 0.084 | 0.047 [7] Andersson, K.G., Roed, J., Fogh, C.L., 2002. ivedng

3 0.048 0.026 0.049 0.006 0.055 0.075 of radiocesium contamination on urban streets, svathd

roofs. J. Environ. Radioact. 62, 49-60.

é 2‘825 2‘813 g‘gi: g‘gg; g‘gii 2‘823 [8] Yoshimura, ' K., thaqabg, T., Kurikami, H., 2020

5 0'022 0'009 0'013 0'01 0'009 0'087 Vertical and horizontal distributions of Cs on pawedfaces
: : : : : : affected by the Fukushima Dai-ichi Nuclear Powean®l

7 0.04 0.023 | 0.029 0.022 | 0.012 | 0.019 accident. J. Environ. Radioact. 217, 106213.

8 0.039 |0.021 | 0016 | 0.026 | 0.009 | 0.021 [9] Murakami, S., Yoshino, H., 1983. Investigatiof air-

tightness of houses. Archit. Inst. Jpn. 325, 105-11

As shown in the table, for measurements at the wall[10] Furuta, T., Takahashi, F., 2015. Study ofiatidn dose
(points 1 and 2), the largest contribution to tbeedrate  reduction of buildings of dierent sizes and materials. J. Nucl.
was from radionuclides on the outdoor floor (if the Sci. Technol. 52 (6), 897-904.
radionuclides did not penetrate the floor). For
measurements from the floor (points 3-6), the lstrge
contribution was from the indoor floor. For
measurements from the ceiling (points 7 and 8), the
contribution from all locations was about the same.





