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Ra dio ac tive de con tam i na tion waste gen er ated by remediation fol low ing the Fukushima nu -
clear power plant ac ci dent was re cently trans ported from its tem po rary stor age sites to in -
terim stor age fa cil i ties as a pi lot test. A trans por ta tion plan for the ra dio ac tive de con tam i na -
tion waste will be de vel oped based on this pi lot trans por ta tion ex pe ri ence and ra dio log i cal
safety as sess ment of pi lot trans por ta tion. The ob jec tive of this study was to as sess ra di a tion
doses to the pub lic and crew work ers re leased dur ing in ci dent-free pi lot trans por ta tion. Ex -
ter nal dose rates around a trans por ta tion ve hi cle were cal cu lated by us ing the Monte Carlo
N-Par ti cle code. Col lec tive doses and max i mally ex posed in di vid ual doses to the pub lic and
ef fec tive doses to crew work ers were cal cu lated by us ing INTERTRAN. Two trans por ta tion
routes, Asakawa-machi to Okuma-machi and Iwaki-shi to Okuma-machi, were con sid ered.
The max i mum ra dio ac tiv ity con cen tra tion in the de con tam i na tion waste was cal cu lated to be
660 kBqkg–1 which meets the value laid down by the guide lines of Ja pan's Min is try of the En -
vi ron ment. The col lec tive doses to the pub lic per ship ment were 1.9×10–3 per son-mSv for the
Asakawa route and 2.2×10–4 per son-mSv for the Iwaki route. Max i mally ex posed in di vid ual
doses to the pub lic were 9.6×10–7 mSv for the Asakawa route and 2.7×10–5 mSv for the Iwaki
route. The to tal ef fec tive doses to crew work ers were 0.27 mSv for the Asakawa route as sum -
ing five ship ments per worker and 1.07 mSv for the Iwaki route as sum ing 45 ship ments per
worker. The ra di a tion dose lev els to the pub lic and work ers eval u ated in this study were much
lower than the an nual dose lim its for the gen eral pub lic and ra di a tion work ers. These study
re sults can be used to de velop trans por ta tion plans and guide lines for de con tam i na tion waste
trans por ta tion.
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IN TRO DUC TION

Fol low ing the Fukushima nu clear power plant
(NPP) ac ci dent ra dio ac tive ma te ri als were dis persed
in the at mo sphere and de pos ited onto the ter res trial en -
vi ron ment. The Jap a nese gov ern ment has con tin u -
ously remediated the con tam i nated ar eas [1] and these
remediation ac tiv i ties gen er ated large vol umes of de -
con tam i na tion waste, es ti mated at ap prox i mately 22
mil lion m3 [2]. Ac cord ing to the de con tam i na tion plan
for mu lated by the Min is try of the En vi ron ment (MOE) 
of Ja pan, de con tam i na tion waste gen er ated by
remediation in the Fukushima Pre fec ture has been
stored at tem po rary stor age sites (TSS) [3]. Within the
spe cial de con tam i na tion area (SDA), for which Jap a -
nese gov ern ment has as sumed the re spon si bil ity to
for mu late and ef fect remediation plans, ap prox i mately 

4.6 mil lion m3 of de con tam i na tion waste has been
stored in ap prox i mately 250 TSS [4].

In Sep tem ber 2014, the gov er nor of Fukushima
ap proved the con struc tion of in terim stor age fa cil i ties 
(ISF) in Okuma-machi and Futaba-machi to en sure
safety and pro vide com plete con trol over the de con -
tam i na tion waste un til a dis posal site would be avail -
able [2]. Since March 2015, pi lot trans por ta tion of de -
con tam i na tion waste from TSS to ISF had been
im ple mented for ap prox i mately one year in or der to
con firm safe and se cure trans por ta tion [2, 5]. Dur ing
pi lot trans por ta tion, ap prox i mately 45,000 m3 of de -
con tam i na tion waste was trans ported from 43 TSS
dur ing this pe riod [6]. The MOE is pre par ing for fu ture 
trans por ta tion by the im ple men ta tion and re view of
this pi lot trans por ta tion.

Ra dio log i cal safety as sess ments for ra dio ac tive
ma te rial trans por ta tion have been re ported in ref er -
ences. The US De part ment of En ergy (DOE) has de -
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vel oped safety as sess ment tools, such as RADTRAN
and RISKIND [7]. A study by Vieru eval u ated the
safety and risk of trans por ta tion of ra dio ac tive ma te ri -
als [8]. Weiner as sessed ra dio log i cal risk re sult ing
from trans por ta tion of low-level ra dio ac tive waste
(LLW) and nat u rally oc cur ring ra dio ac tive ma te rial
(NORM) un der in ci dent-free con di tions [9]. Argonne
Na tional Lab o ra tory (ANL) re ported a trans por ta tion
im pact as sess ment for ship ment of ura nium hexa-
fluoide (UF6) cyl in ders [10]. The MOE as sessed the
ra di a tion dose to the pub lic from de con tam i na tion
waste trans por ta tion [11]. 

As sess ment of ra di a tion doses to the pub lic and
work ers is re quired for ra dio log i cal safety as sess ment
of de con tam i na tion waste trans por ta tion. A ra dio log i -
cal safety as sess ment for trans por ta tion was per -
formed by Ja pan's MOE [11]. How ever, it was a pre -
lim i nary eval u a tion made for trans por ta tion plan ning.
There fore, MOE sug gested that ra di a tion dose as sess -
ment to pe des tri ans and work ers should also be made
dur ing de con tam i na tion waste trans por ta tion. The ob -
jec tive of the pres ent study was to as sess ra dio log i cal
safety for the trans por ta tion of de con tam i na tion waste
re sult ing from the Fukushima NPP ac ci dent. We cal -
cu lated ra di a tion doses to the pub lic and crew work ers
re leased due to the pi lot trans por ta tion of the waste.
Ex ter nal dose rates around a trans por ta tion ve hi cle
were eval u ated by ap ply ing a ra di a tion trans port code.
Ra di a tion doses to the pub lic and work ers were cal cu -
lated by us ing a safety as sess ment tool for ra dio ac tive
waste trans por ta tion. This study was lim ited to in ci -
dent-free trans por ta tion.

MA TE RI ALS AND METH ODS

Eval u a tion of ex ter nal dose rates
around a trans por ta tion ve hi cle 

Ac cord ing to the de con tam i na tion waste trans fer
guide lines drawn up by MOE, the max i mum ex ter nal
dose rate should not ex ceed 100 mSvh–1 at the dis tance of
1 m from the back and sides of the ve hi cle and 20 mSvh–1

at 1 m from the front of the ve hi cle. Ex ter nal dose rates
around a trans por ta tion ve hi cle were eval u ated to con -

firm that trans por ta tion fol lows the MOE guide lines. The 
ra di a tion dose rates were eval u ated by chang ing the ra -
dio ac tiv ity con cen tra tion in de con tam i na tion waste from 
3 kBqkg–1 to 1,000 kBqkg–1.

In put pa ram e ter val ues for the dose rate eval u a -
tion were col lected by re view ing the avail able ref er -
ences and used for the eval u a tion. De con tam i na tion
waste made up more than 75 % of con tam i nated soil
[12]. There fore, de con tam i na tion waste was re garded
as con tam i nated soil. Mass den sity and el e men tal
com po si tion of the con tam i nated soil were clas si fied
as soil type 1 de fined by In ter na tional Com mis sion on
Ra di a tion Units and Mea sure ments (ICRU) pub li ca -
tion 53 [13]. The soil prop er ties for ra di a tion dose as -
sess ment are sum ma rized in tab. 1. In most cases, a
wa ter proof sand bag or a flex i ble con tainer was used
for pack ag ing of the de con tam i na tion waste in TSS.
The di am e ter and height of the sand bag and con tainer
were ap prox i mately 1.1 m fig. 1(a). The sand bag or
con tainer was only used to pre vent dis per sion, out -
flow, and leak age of the waste and thus had no ra di a -
tion shield ing ef fect [14]. The ra tio of ra dio ac tiv ity
con cen tra tions be tween 134Cs and 137Cs in the de con -
tam i na tion waste was as sumed to be 1 to 3 by con sid -
er ing the de cay time af ter the Fukushima NPP ac ci -
dent. The trans por ta tion ve hi cle was as sumed to be a
10-ton truck, which can be loaded with seven de con -
tam i na tion waste pack ages figs. 1(b) and 1(c).

Ex ter nal dose rates were cal cu lated by us ing the
Monte Carlo N-Par ti cle (MCNP) code for sim u lat ing
the con tam i nated soil and ex po sure con di tion. The ex -
ter nal dose rates were cal cu lated at the side and in the
front of a trans por ta tion ve hi cle 1 m from the ve hi cle
sur face at the cen tral line po si tion of the side sur face
(P-1) and at the cen tral line po si tion of the front sur -
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Ta ble 1. Soil prop er ties for ra di a tion dose as sess ment of
the pub lic and crew work ers

Prop erty Value

Den sity [gcm–3] 2.0

El e men tal
com po si tion [%]

H 2.20

O 57.5

Al 8.5

Si 26.2

Fe 5.60

Fig ure 1. Geo met ric di men sions of de con tam i na tion waste pack ages and the trans por ta tion ve hi cle



face (P-2). Dose con ver sion co ef fi cients from Pub li ca -
tion 74 of the In ter na tional Com mis sion on Ra dio log i -
cal Pro tec tion (ICRP) were used for dose cal cu la tion
[15].

As sess ment of ra di a tion doses to
the pub lic and work ers

Ra di a tion doses emit ted to the pub lic and crew
work ers were as sessed. For pub lic ex po sure, col lec -
tive doses and max i mally ex posed in di vid ual doses
were cal cu lated. For worker ex po sure, ef fec tive doses
for each link and route were cal cu lated. In ad di tion,
cu mu la tive doses for each route were cal cu lated con -
sid er ing mul ti ple transportations. The INTERTRAN
code was used to cal cu late the ra di a tion doses from in -
ci dent-free trans por ta tion. Ra di a tion doses re sult ing
from the waste trans por ta tion de pended on the trans -
por ta tion route char ac ter is tics and ex po sure con di -
tions. There fore, such data were col lected and used for
dose as sess ment.

Two trans por ta tion routes were con sid ered –
Asakawa-machi to Okuma-machi and Iwaki-shi to
Okuma-machi, fig. 2. Each route was sub di vided into
three links ac cord ing to road type or re gion. The
Asakawa route was sub di vided into Asakawa TSS –
Tamakawa IC (link 1), Tamakawa IC – Tomioka IC
(link 2), and Tomioka IC – Okuma ISF (link 3) ac cord -
ing to road type. The Iwaki route was sub di vided into
Iwaki TSS – Kawauchi-cho (link 4), Kawauchi-cho –
Nogami-cho (link 5), and Nogami-cho – Okuma ISF
(link 6) ac cord ing to re gion. 

The in for ma tion on road type and route length
was ab stracted from the Min is try of Land, In fra struc -
ture, Trans port and Tour ism (MLIT). Ac cord ing to
road type Link 2 was a free way and the oth ers were
non-free way. The pop u la tion den sity and ve hi cle den -
sity for each link were ab stracted from the Sta tis tics
Bu reau of the Min is try of In ter nal Af fairs and Com -
mu ni ca tion (MIC) and traf fic in for ma tion from
Fukushima Pre fec ture. The vol umes of de con tam i na -
tion waste trans ported through the Asakawa and Iwaki 
routes were ap prox i mately 100 m3 and 1,000 m3, re -
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Fig ure 2. Trans por ta tion routes for de con tam i na tion waste: Asakawa-Okuma route (a) and Iwaki-Okuma route (b)

Ta ble 2. Trans por ta tion route in for ma tion, which af fect ra di a tion doses to the pub lic and crew work ers

Route Link De tail route Road type Route
length [km]

Ve hi cle den sity
(ve hi cle per

hour)

Pop u la tion
den sity (per son

per km2)

Num ber of
ship ments

(average per
worker)

Asakawa –
Okuma

Link 1 Asakawa TSS
– Tamakawa IC Non-Free way 21.2 758 181.8

15 (5 per
worker)Link 2 Tamakawa IC

– Tomioka IC Free way 108.0 72.5 93.8

Link 3 Tomioka IC 
– Okuma ISF Non-Free way 36.7 – a – a

Iwaki – Okuma

Link 4 Iwaki TSS
– Kawauchi-cho Non-Free way 16.4 47.5 106.4

143 (45 per
worker)Link 5 Kawauchi-cho 

– Nogami-cho Non-Free way 20.4 40.3 13.9

Link 6 Nogami-cho – 
Okuma ISF Non-Free way 10.0 – a – a

a Ar eas where it is an tic i pated that res i dents will not be able to re turn to for a long time



spec tively [16, 17]. The num ber of ship ments was 15
for the Asakawa route and 143 for the Iwaki route. The 
av er age num ber of ship ments per worker were five for
the Asakawa route and 45 for the Iwaki route.

Mem bers of the pub lic around the trans por ta tion
routes were sub di vided into those along the route
(off-link) and those shar ing the route (on-link). The
off-link pop u la tion were all the per sons liv ing or
work ing by each side of the trans por ta tion route. The
on-link pop u la tion were per sons in all the ve hi cles that 
shared the trans por ta tion routes, and this group in -
cluded per sons trav el ing in both the same and the op -
po site di rec tions as the ship ment, as well as per sons in
ve hi cles pass ing by the ship ment. The ra tio of pe des -
tri ans to the res i den tial pop u la tion in off-link was as -
sumed to be 1 to 3. The shield ing fac tor was set as 0.4
con sid er ing that houses in Ja pan are wooden. 

Fig ure 3 shows ex po sure con di tions for the pub -
lic dur ing trans por ta tion on non-free way and free way
routes. Ex po sure con di tions for non-free way and free -
way routes were as sumed based on H22 road in for ma -
tion [12]. For the non-free way route, it was as sumed
that the min i mum dis tance be tween the side sur face of
the ve hi cle and res i dents along the street was 3 m. In
ad di tion, the min i mum dis tance be tween ve hi cles
trav el ling in the same di rec tion was 4 m and the min i -
mum dis tance be tween ve hi cles trav el ling in the op po -
site di rec tion was 3.25 m. For the free way route, the
min i mum dis tance be tween the side sur face of the ve -
hi cle and res i dents along the street was 10 m con sid er -
ing the shoul der and the width of the street. In ad di tion, 
the min i mum dis tance be tween ve hi cles trav el ling in
the same di rec tion was 4 m and the min i mum dis tance

be tween ve hi cles trav el ling in the op po site di rec tion
was 5 m con sid er ing a me dian strip and the width of
the road. The av er age speed of a ve hi cle on the
non-free way and free way routes were as sumed to be
30 kmh–1 and 70 kmh–1, re spec tively. 

Ra di a tion doses to crew work ers were also as -
sessed. It was as sumed that the crew worked on its
own and did not work in shifts. The ex po sure con di -
tion of the crew work ers was the same as the pub lic ex -
po sure con di tion men tioned pre vi ously. The ra di a tion
dose per one ship ment was eval u ated by link and
route. In ad di tion, the cu mu la tive dose for each route
was cal cu lated by con sid er ing the av er age num ber of
ship ments per crew worker.

RE SULTS AND DIS CUS SION

Ra di a tion dose rates around
a trans por ta tion ve hi cle

Ta ble 3 shows the ex ter nal dose rates at the dis -
tance of 1 m from the trans por ta tion ve hi cle sur face.
As sum ing 3 kBqkg–1 of ra dio ac tiv ity con cen tra tion in
the waste, dose rates were 0.17 mSvh–1 at the cen tral
line po si tion of the side sur face and 0.09 mSvh–1 at the
cen tral line po si tion of the front sur face. In creas ing the 
ra dio ac tiv ity con cen tra tions in the de con tam i na tion
waste up to 1000 kBqkg–1, the dose rates in creased up
to 56 mSvh–1 at the side po si tion and 29 mSvh–1 at the
front po si tion. The study re sults were ap prox i mately
37%-60% lower than the pre lim i nary re sults of MOE
[11]. MOE as sumed that the ve hi cle con tainer was
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Fig ure 3. Ex po sure con di tions for the pub lic dur ing de con tam i na tion trans por ta tion on non-free way (a) and free way (b)
routes



fully filled with de con tam i na tion waste, thus over es ti -
mat ing the ra di a tion source and the re sult ing ra di a tion
doses. In fact, seven de con tam i na tion waste pack ages
were loaded on to a ve hi cle for trans por ta tion. This
study eval u ated dose rates emit ted from the ve hi cle
car ry ing seven waste pack ages to sim u late ac tual con -
di tions, figs. 1 and 2.

The max i mum ra dio ac tiv ity con cen tra tion in the
de con tam i na tion waste was es ti mated to be ap prox i -
mately 660 kBqkg–1 to meet the value laid down in the
MOE guide lines (less than 100 mSv h-1 at the back and
sides and 20 mSvh–1 in the front of the ve hi cle). For the
ra dio ac tiv ity con cen tra tion, dose rates were 37 mSv h–1

at the side po si tion and 20 mSvh–1 in the front. No ra di a -
tion shield ing ef fect was con sid ered in the dose rate cal -
cu la tion. A spe cial trans por ta tion con tainer with proper
ra di a tion shield ing may need to be de vel oped and used
to trans port de con tam i na tion waste at higher con cen tra -
tions than the max i mum con cen tra tion value men tioned 
above.

Ra di a tion doses to the pub lic

Fig ure 4 shows col lec tive doses to the pub lic
from in ci dent-free trans por ta tion. The col lec tive dose
per ship ment was the high est for link 1 (1.1×10–3 per -
son-mSv per ship ment). The dif fer ences in col lec tive
doses could be at trib uted to trans por ta tion time (de ter -
mined by route length and ve hi cle speed), pop u la tion
den sity, and road type. The trans por ta tion time of link
2 was 2.2 times higher than that of link 1 due to the
route length and road type. How ever, the pop u la tion
den sity of link 1 was two times higher than that of link
2, and the dis tance be tween the road and the res i dents
along the street of link 1 (non-free way) was shorter
than that of link 2 (free way). There fore, the col lec tive
dose for link 1 was the high est for the Asakawa route.
Al though the route length and ve hi cle den sity of link 4
was sim i lar to those of link 5, the pop u la tion den sity
along link 4 was ten times higher than the one along
link 5. There fore, the col lec tive dose for link 4 was the
high est for the Iwaki route. For links 3 and 6, it was as -
sumed that res i dents would not be able to re turn for a
long time. There fore, col lec tive doses for these links
were not cal cu lated. The col lec tive doses per ship ment 

were 1.9×10–3 per son-mSv for the Asakawa route and
2.2×10–4 per son-mSv for the Iwaki route. 

The col lec tive doses for the off-link pop u la tion
on the Asakawa route were 4.3×10–3 per son-mSv (26 %) 
for link 1 and 4.1×10–3 per son-mSv (38 %) for link 2. In
the case of the Iwaki route, col lec tive doses for the
off-link pop u la tion were 1.7×10–2 per son-mSv (76 %)
for link 4 and 2.9×10–3 per son-mSv (34 %) for link 5.
The col lec tive dose for off-link de pended on the trans -
por ta tion time, pop u la tion den sity, and ex po sure con di -
tion of the off-link pop u la tion. Link 4 took up the high -
est pro por tion of col lec tive dose for off-link be cause the 
pop u la tion den sity rel a tive to the ve hi cle den sity was
much higher than for the other links. 

The cu mu la tive dose var ied de pend ing on the
num ber of ship ments, as well as the ra di a tion dose per
ship ment. The cu mu la tive doses were cal cu lated by
con sid er ing the to tal num ber of ship ments for each
route: 15 times for the Asakawa route and 143 times
for the Iwaki route. The cu mu la tive dose was higher
for the Iwaki route due to the larger num ber of ship -
ments. The cu mu la tive doses were 0.27 mSv for the
Asakawa route and 0.031 mSv for the Iwaki route.

Max i mally ex posed in di vid ual doses to the pub -
lic were 9.6×10–7 mSv and 2.7×10–5 mSv at the dis tance
of 3 m from the ve hi cle for the Asakawa route and the
Iwaki route, re spec tively. The dose lev els were much
lower than the an nual dose limit for the gen eral pub lic.
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Ta ble 3. Ex ter nal dose rate around a trans por ta tion ve hi cle
by ra dio ac tiv ity con cen tra tion in de con tam i na tion waste

Ra dio ac tiv ity
con cen tra tion in
de con tam i na tion
waste [kBqkg–1]

Ex ter nal dose rate [mSvh–1]

P-1 (side position) P-2 (front position)

This study MOE This study MOE

3 0.17 0.27 0.09 0.20

8 0.45 0.72 0.23 0.53

30 1.7 2.7 0.87 2.0

150 8.3 13 4.4 10

500 28 44 15 33

1.000 56 89 29 66

Figure 4. Col lec tive doses to the pub lic re sult ing from
in ci dent-free trans por ta tion; Ra di a tion doses per
ship ment (a) and cu mu la tive doses from mul ti ple
transportations (b). For the cu mu la tive dose
cal cu la tions, the to tal num ber of ship ments for each
route was con sid ered



Ra di a tion doses to crew work ers

Fig ure 5 shows the ef fec tive doses to crew work -
ers dur ing in ci dent-free trans por ta tion. Ra di a tion doses
to crew work ers per ship ment were the high est for link 2 
(0.024 mSv per ship ment) and the low est for link 6
(0.005 mSv per ship ment). The dif fer ence in ef fec tive
doses to work ers could be at trib uted to route length and
ve hi cle speed, and there fore to trans por ta tion time. The
trans por ta tion time of link 2 was ap prox i mately 1.5
hours, which was the lon gest time for the Asakawa
route. In the case of the Iwaki route, the trans por ta tion
time of link 5 was ap prox i mately 0.7 hours, which was
the lon gest time for the route. The ra di a tion doses per
ship ment were 0.053 mSv for the Asakawa route and
0.024 mSv for the Iwaki route. 

The cu mu la tive doses were cal cu lated by con -
sid er ing the av er age num ber of ship ments for each
route. The to tal ef fec tive doses were 0.27 mSv and
1.07 mSv for the Asakawa route and the Iwaki route,
re spec tively. The dose lev els were much lower than
the an nual dose limit for ra di a tion work ers.

CON CLU SIONS

Ra dio log i cal safety as sess ment was made for pi -
lot trans por ta tion of de con tam i na tion waste cre ated by 
the Fukushima NPP ac ci dent. Ra di a tion doses emit ted
to the pub lic and crew work ers re sult ing from trans -
por ta tion were as sessed con sid er ing the trans por ta tion 
route. De con tam i na tion waste prop er ties, trans por ta -
tion route char ac ter is tics, and ex po sure con di tions for
each route were con sid ered in the dose as sess ment. 

Ex ter nal dose rates around a trans por ta tion ve hi cle
were pro por tional to ra dio ac tiv ity con cen tra tions in de -
con tam i na tion waste. As sum ing 660 kBqkg–1 of ra dio -
ac tiv ity con cen tra tion in the waste, the ex ter nal dose
rates were 37 mSvh–1 at the side po si tion and 20 mSvh–1 at 
the front po si tion. The col lec tive doses to the pub lic per
ship ment were 1.9×10–3 per son-mSv for the Asakawa
route and 2.2×10–4 per son-mSv for the Iwaki route. The
max i mally ex posed in di vid ual doses to the pub lic were
9.6×10–7 mSv for the Asakawa route and 2.7×10–5 mSv
for the Iwaki route. The to tal ef fec tive doses to crew
work ers  were  0.27  mSv  for  the  Asakawa  route  and
1.07 mSv for the Iwaki route. 

The max i mum ra dio ac tiv ity con cen tra tion in the
de con tam i na tion waste with out waste pack age pro -
vid ing a shield ing ef fect was 660 kBqkg–1 to meet the
MOE guide lines. A spe cial trans por ta tion con tainer
with proper ra di a tion shield ing may need to be de vel -
oped and used to trans port waste with a higher con cen -
tra tion than the max i mum value. The dose lev els to the
pub lic and work ers were eval u ated as be ing much
lower than the an nual dose lim its for the gen eral pub lic 
and ra di a tion work ers. There fore, it can be con cluded
that ra dio log i cal safety was pro vided by this in ci -
dent-free trans por ta tion. Fur ther study for ra dio log i cal 
safety as sess ment is nec es sary con sid er ing po ten tial
in ci dents dur ing waste trans por ta tion. These study re -
sults can be used to de velop trans por ta tion plans and
guide lines for de con tam i na tion waste trans por ta tion.
In ad di tion, the safety as sess ment pro ce dure can be
used for emer gency pre pared ness.
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Figure 5. Ef fec tive dose to crew work ers re sult ing from
in ci dent-free trans por ta tion: Ra di a tion dose per
ship ment (left) and cu mu la tive dose from mul ti ple
transportations (right). For the cu mu la tive dose
cal cu la tions, the av er age num ber of ship ments per crew
worker was con sid ered for each route
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Min \uen KIM, \i \ueng SUNG, \in Ho PARK, Tae Gvan DO, \in O LE, Kvang Pjo KIM

PROCENA  RADIOLO[KE  SIGURNOSTI  TRANSPORTA  BEZ
INCIDENTA  DEKONTAMINACIONOG  RADIOAKTIVNOG  OTPADA

NAKON  NESRE]E  U  NUKLEARNOJ  ELEKTRANI  FUKU[IMA

Radioaktivni dekontaminacioni otpad, nastao remedijacijom nakon nuklearnog akci-
denta u elektrani Fuku{ima, nedavno je prevezen sa privremenih skladi{ta do prelaznih odla-
gali{ta, kao pi lot test. Na osnovu ovog iskustva u pi lot transportu i procene raiolo{ke
sigurnosti pi lot prevoza, bi}e razvijen plan transporta radioaktivnog dekontaminacionog
otpada. Ciq ove studije bio je da se procene doze zra~ewa kojima su bili izlo`eni stanovni{tvo i
transportne posade prilikom pi lot prevoza bez incidenta. Spoqa{we ja~ine doza oko
transportnog vozila izra~unate su kori{}ewem MCNP koda. Kolektivne doze, maksimalna
izlagawa pojedinaca u populaciji i efektivne doze za radnike posada izra~unate su pomo}u
INTERTRAN programa. Razmotrena su dva transportna pravca: Asakava-ma~i do Okuma-ma~i i
Ivaki-{i do Okuma-ma~i. Maksimalna koncentracija radioaktivnosti u dekontaminacionom
otpadu izra~unata je na 660 kBqkg–1, {to zadovoqava vrednosti utvr|enu smernicama Ministarstva
za okolinu Japana. Kolektivne doze za populaciju po po{iqci bile su 1.9×10–3 mSv-~ovek za rutu
Asakava i 2.2×10–4 mSv-~ovek za rutu Ivaki. Maksimalne doze izlo`enosti pojedinca, za
populaciju, bile su 9.6 10–7 mSv za Asakava rutu i 2.7 10–5 mSv za Ivaki rutu. Ukupne efektivne doze
za radnike u transportnim posadama iznosile su 0.27 mSv za put Asakave uz pet po{iqki po radniku
i 1.07 mSv za rutu Ivaki uz 45 po{iqki po radniku. Nivoi doze zra~ewa za populaciju i radnike
koji su oceweni u ovoj studiji bili su mnogo ni`i od godi{wih granica doza za populaciju i
radnike sa radioaktivnim materijalom. Ovi rezultati istra`ivawa mogu se koristiti za izradu
transportnih planova i smernica za trans port dekontaminacionog otpada.

Kqu~ne re~i: Fuku{ima akcident, dekontaminacioni otpad, postrojewe za prelazno
..........................odlagawe, trans port, ocena sigurnosti


