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Simulation study of radiocesium transport and

air dose rates in Fukushima
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HTFIZHBT DR A N OFRMEREIZ L D5V =LA TAVYTA ayrETA VY
Ly AbBYFT L, b UF T L) Vinto et al, 2009; Evseeva et al., 2012; Aidarkhanov et al., 2013;
Aidarkhanova et al., 2018; Serzhanova et al., 2018)X°, KXUEIZI1T 2 FUKIEFERC L 2 A~ i, ik
BT =97 =T 7 MK DGR, BB T 2 B TR OB REIFZE-010 < FRAGSE A
BEANATOND X927 o7, S 61T, BB HOIRFIA, R 15 ERT Ok, %D 1950 4
REEHR P TITON D L D272 | £z 2R IR D> & O BB~ O B PERZ TR O i 23k & 7= (5]
ZAE T 4 XA — VR A4 S H il (Crick and Linsley, 1984; Garland and Wakeford, 2007), 7 7 /LEZ 1B 4%
(Akleyev and Lyubchansky, 1994; Degteva et al., 1994),

ZOHRTHRREDIFIIHKEFEN 1986 -4 H 26 H, IHVHEOF=T7INEY 7 T4 FYDF =) 7 A
VIFT B CR D, I—1 v " EHNIREICHI GRS IER Lot g v, B U A,
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BRx 2B OTE bR S 4L, BERERIRM T o, F v/ 74 VEFEiE, 3 —1 v 3K TR 22801
FEDMTOIL, BRAR, I Bk, WERE, ML, (MR, BRx BRI 36T D i A o B ik
WFgE & 2 S < T < B, 7 AAEENIT D72 (Cremers et al., 1988; Santschi et al., 1990;
Zheleznyak et al., 1992; Roed and Andersson, 1996; Sansone et al., 1996; Tegen and Dérr, 1996; Smith et al., 2000;

Onishi et al., 2007; Garcia-Sanchez, 2008; Monte, 2014), H{EH 72385, K KFECHFZEAT BIFZE & fe 1T T 5,
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Figure XI. Surface ground deposition of caesium-137 released in Europe after the Chernobyl accident [D13].
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Fig. 1.1. Surface contamination of '*’Cs in Europe due to the Chernobyl accident (UNSCEAR, 2008).

ZOEDREFOHFT, 2011 3 H 11 HUBEORE ) R—NVT 1 7 AR SHE S — R 7138
BATHHIC LD . REOHBUIRNMEERE S BRI S 4172 (Chino et al., 2011; Stohl et al., 2012; Katata et al.,
2012; Terada et al., 2012; Kobayashi et al., 2013; Buesseler, 2014) (Fig. 1.2), B2z i S 7= i R o
9 b BEOHEO HEPITEDNHER SNT- DT, B2 7 A(134Cs, 37Cs), T 7 FE (3, T (1PMTe),
FR(1MmAg), TV b= APy, B9 240py, 241Py), A k12 F 7 A(PSr, 2Sr) Td o 72(Saito et al., 2015), 72
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Fig. 1.2. Deposition of '*’Cs in Fukushima due to the Fukushima accident (NRA, 2011).
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1.2. BETERIZE

B 0 ACARE, HETE Co)lE T3 ks HHIT TR < B A 5 R8I B 2 (Akai et al., 2013;
Kozai et al., 2012; Tanaka et al., 2013), FHAIHUNTI WV TIL, BAFERE Cs & LT L TWAEIA | 8-55%
& %o 7-73(Nagao etal., 2013; Ueda et al., 2013; Yamashiki etal., 2014), #* (ZZ OEEITIE T L(1-30%).
SRR TE Sk D S K% 5 6D 72 (Nagao et al., 2013, 2015; Ueda et al., 2013; Yamashiki et al., 2014; Yoshikawa
etal., 2014; Sakaguchi et al., 2015; Iwagami et al., 2016), F#iZ, HREHAE Cs OWEHIX, HJEEE O /KRR
FHOIFEA L% ED D Z &2 bh -2 (Nagao et al., 2013; Chartin et al., 2013; Ueda et al., 2013; Yamashiki
et al., 2014; Evrard et al., 2015; Yamasaki et al., 2016), L2>L. FKEHI[R > THD &, FKEHIRRERE Cs
DEIGEN D72 TEIFHE Cs DEIE D 16:91%E 202 & b SR & 172 (Ochiai et al., 2015; Eyrolle-Boyer
etal., 2016; Tsuji et al., 2016), VLN DOFHAA~DF G- L LT, BRERE Cs ITIIBNICHE £ 50>, KFEHEA~
EWRIET 2D EH BT o % (Tanaka et al., 2015), ¥AFHE Cs 1T O FUERME Cs OFBAICH E 0 &
B L7 E WA, EMFIHMEO R 26 IEF I HE R FEHE T & 5 (Yoshikawa et al., 2014; Uematsu et
al., 2017),

1K ORRVERE Cs I (Ba/kg) & WA TFHE Cs IBEBq/L)iE. WO Witk E(Bq/m?) I EOMH B % 7R
92 & MEEEHR & 4TV D (Tsuji et al., 2014a; Ochiai et al., 2015; Yoshimura et al., 2015b; Eyrolle-Boyer et
al.,2016), Yoshimura et al. (2015b)i%, RRERE Cs IR L IAFFHRE Cs IRE L IEOMENH L Z & AR L TE
V. —J5. Ochiai et al. (2015) TIZFIWABICTH D Z L 2 HE L T\ D, FHIEFRE Cs DML LT,
Shinomiya et al. (2014), Yoshikawa et al. (2014), Tsuji et al. (2016)I%, F/KIFIZ Eb K OB EE AN 54
HIEEN DD Z L WS LTV D, Tsujietal. (2016)1%, & IS FEKEEDOIEIFHE Cs I2E 3B HAE T 5 2
EEFIIELS AFBEDYERE LTV D,

BURIRD F L ORI Ko T T~ LRMHHE 2 K3 505 T 7eb BT Cs O iR
~DVGYLDYER A ] 5 Zh A Kurikami et al. (2014; 2016)3 X U8 Yamada et al. (2015)i2 X » T &
TN D, BEARIRESCH MO RE SStkx 7o 7 7 7 X =535 50D, K 90%FEE O itk Cs {18

RN D EWESINTWD, FKENLOFHIZES L TiX, Yoshimuraetal. (2016)I2 X5 &, LoD+
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HIFIH LD S EREHE Cs R DWW RN H S | TWI~OEBEORE I LTREBLTND,

PEDET AL LTIE, RERNE R, A 7 — /L T HEOHSME: Cs it 2 R8T 57
JVEHFE SR IS e S STV D (Yamaguchi et al., 2014; Kitamura et al., 2014; Kinouchi et al., 2015; Mori et al.,
2014, 2015; Wei et al., 2017), Yamaguchi et al. (2014)33 X 0" Kitamura et al. (2014) Ti%, #RBRAY 72 Habit 105X
(USLE)% IV 7= SACT (Soil And Cesium Transport)® 7 /L ZBA%E L. & B D 14 OFEik(5432 km?) % %5
(ZYRID D DFEFNLD 10D - FSHE Cs it & & B H LT 5, Kinouchi et al. (2015) Tik, FTathR)II7KR
D 1 AR)(140 km?) & R 5UZ, PBRA— X OPiRIR-E 7 /L WEP (Water and Energy transfer Processes) % i L |
Ko HRE. EPE Cs O RN A2 EfE LTV 5, Mor et al. (2015)TlE., HAMKEMHE T T L
GETFLOWS (GEneral purpose Terrestrial fluid-FLOW Simulator)Z F\>"C, #i)11 & A ¥tie(15 km?) % % 5212
K. TS HEE Cs DU BT A ER L T\ D,

BRRNIT ST 2 M Cs DZEBYCOWTIE, RIS 36U Tl S ORI I 53 A3 TR (Kato
etal,, 2012) L, Z D%, HCHIESEIZ L > THIR~B#h3 % (Kato et al., 2017; Teramage et al., 2014; Endo et
al,, 2015), MIRICIWTIE, HBERN O HEEMRrAICBE L, RS HMOBE Cs BEREM L TE T
VW% (Imamuraetal., 2017), — 77, IREEBICIBWTIEL, FHAIHO 3 HITITEIE L Wz, Bkt
EHEP, 2 ITEPEKEERESCHEE LS L7z (Imamura et al., 2017), HHERBICBE) U 72 i Cs o —56
1L, IRZI L CTHOBARNE A~ L BEIT 5 rTEEME 54 S 41TV % (Yoschenko etal., 2017), & 512, ZRAK
N BRI ~D B R, W < O 2OBHIFEIH B IEF D720 2 & 3 7TV 5 (Yoshimura et al,
2015a; Niizato et al., 2016).

AN B T D 22 MR EZ I OV Tld, Gonzeetal. Q016)MEAE L HED L A Y —%2/EK L., £ T
AnmyIalb—ya ATHESWEFHNEZIT o TV D, A8 52017)1%, B, %R, R E
L. &BEITHEE Cs BARLE L, TR ZZMIf 23 E L T\ 5

THEHIZ I T, BARIF T 2 B R bR 73 S S B e 7 LV AR O T, 3R 22 &
DE=H Y > 7 RPRYN RS & 5fi LT\ 5, Yoshimura et al. (2017)i, FERORRCBE, IrfHo 118,
SRS TR 5 2 LIk o T, HIEICHRE LI BICH T 2 K mOEIG 250 L T\ 5, £ =AM

HROIITENTIE, T/ 7A VRS EIFEEZICT — 1 v R Z2HFODICER ST E it T



1 Fim

DI < FEAlET /L ERMIN (The European Model for Inhabited Areas)% FAVN T, &5 R E AT OFRYLE T
JVIEFEFZEY A N2 RIT, FRYLEIHR ORI ERORG A T 5 Z LI L DI EOEEZhE & 2 *

N ROBEH B D DR GRS ERYSETE 2 R E T D TiEEHE LT\ 5,

1.3. HFEHE

AMFFE DAL HHYIE, BREE T O Cs BIRBMATHR R4 & L1T, FRARNSCTH I d5 1T 2 22 g R
A CH D, LrL7an b, BEFSZRWTIE, 4 B3, BEET TH 5720, BRI 2 AMED
HEZKRD 2 & 7%, 1 DX EEE 5 /L GETFLOWS % W /i Cs o, 1 i3t
MRS = — R PHITS % W 7o RN O ZE I ER il T 5,

PRI ERE T V& O T2 U YE Cs OBIREFRITIIZEIX, F =V 74 VEBRZRIIAE SN TE LT, &
BEHERICBE INTE T, KBBROAZOFIEMEET VRTINS H D BB 21X, Freietal.,
2009; Vanderkwaak and Loague, 2001; Sciuto and Diekkruger, 2010), *C % GETFLOWS (X% D{SFEMED & &
R DYRIBINT OFHI D2 S| T L OHERME Cs ik ZBEICE T /ML L TWbH Z & hn . AIFFETH
WHZEE LT, Lol Ut Cs BHREMATICEE LTIk, £72E720%E LT FHAIE O FHELIEOREE
=°. GETFLOWS % MW T2 IS Cs D R ATRHE-CREERE Cs D72 5 #A7HE Cs DO FFHMERGES O
B L, £ 2T, fREOFRAR SR A 5, FREAEF RO TODFHAET 1 MEA L,
ETNVORGEEZB LT, 74—/ Fl&ETIT & b2 ENRWEE, B2 1 3iE Ot R, & 50 X
H72 U Cs DFFAAEEIENTT 5 Z LI X o T, WA — /L CORNTE Cs Bl % BRI 25 2 & %
HEYE T %, b, —AYIZIRERE Cs & IA17RE Cs DB D b2 R BRI Ky % O THEFT 23 32
INDHZEBIFZEALETH LN, WNIKFPOERE Cs ZHB LG E D DOREETE 272 ST
VW, FZIZELTOMAEZBL T, 74—/ FIZBIT DM Cs Big 2B+ 5 Z L A HE T2,

e 21— R &2 O TR O 22 M &I >V TR, AARRF ORISR R AT 5 =
— K|Z PHITS (The Particle and Heavy Ion Transport code System) (Sato et al., 2018)23d 5 2%, &= IZIL Vi
(23R LT etk Cs 70 & 0 22 R =5 FAffi(Malins et al., 2016), A} % % J& L 723 Fffi(Malins et al., 2015)

L. ZENTOFHMi(Furutaetal., 2015 E THOITE =2 H DD ZRARN TOFMMNIFE I S LTI R o7,
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2 FMEET TV A T2 AR S RUE SR R D T Cs B AT

2.1. Vi EE S /L (GETFLOWS) DHEE

GETFLOWS (GEneral purpose Terrestrial fluid-FLOW Simulator)iZ, #RXStEHBEEREET 7/ 0o U —3B%E
LA IEER v 2 = L— & — T 5 (Tosaka et al., 2000; 2010), GETFLOWS CixHiF/K & Hi F/K % [F]
FRICRES 2 &2 ko T RO KBRL I ORHBEZBE LS HRT L2 LN AETH D, Wi
BB LOHBIROPEAVUE D LI Tk L ORI 2 & | IR L O T K OFIUCHE Y, TE(ERE Cs
kA2 3R T 5, IRERE Cs 35 L ONATFHE Cs O BLtb 2 K90 ERE Ky 2 FV T, IRIBTHE Cs 38 LUV
78 Cs O BEAERZ BB L3 &, IRERE Cs 36 L OVEHFRE Cs Ik A 31HH 325 Z L12 X - T, Iilak

T Ok Cs BhBEMEHT % i~ 5 (Mori et al., 2014; 2015), Fig. 2.1 {Z GETFLOWS O % % 7~

—Cﬁ 3 Dry/Wet deposition

e
"r" . /ff
f! I/
/

’Prec:pftat.'on 0
Dry/Wet deposition

Sediment Transport

) \ : Soil detachment ~ Surface Water Flow

Fallout/Deposited radionuclide
Water-dissolved radionuclide

Adsorbed radionuclide on surface soil

Suspended radionuclide Subsurface Water Flow

oeecoe

Fig. 1. Schematic representation of fallout radionuclide redistribution in a watershed system.

Fig. 2.1. Schematic diagram of GETFLOWS simulators (Mori et al., 2015).

2.2, XELHEN

IK + ZES 2 FATRARIZ DU T

0
a( pwp) (2-1)
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2 T BEE 7L RO T4 B R 6 Sl i ok 0 137Cs s g AT

ZIT M, THETT v A (kgm?s), g, [FT 7 V=R (kgimils), P, IFEE (kg/md), ¢I1TARD

B (m¥/m?), Sp IR (m¥md),  FRERE] () TH D IRAFO p 1FZER (@) HDHWIETK (w) &

K4, HEGIT~ =2 ZANIHE, 2 RITDOEKBOEELZE L T\ %, #FKRFRIE— (b2 1> —Rl

e, MR EHT ORI LRARRIZ 3RITTE T, TNOOHRERAILUTOMEY TH S,

\ R fon oz| (o oz
Wit a = Lo ‘ ‘ ( j (=) 22)
A n, \a a\a " a
‘ p.Kk,
KR M, =— ~V(P,+p,8Z) (2-3)
g /= paKkra
H b &R OZERIIL: M, =———"°V(P, + p,gZ) (2-4)

2T RIFAERE (m). mld~ =27 OFEMMELRE (m 13 s), hIFTHFRAOKEE (m), ZIZEAKLER)S
DIEE (m), K IFAERHEEE (m?), fa & we THVERIL (Pas), kuo & ki 1THIRFESGRELES K OHHRZEK
BRI (-). Pa& Py 132K EKRDIET) (Pa), g I FEINHRE (m¥s) T 2,

N OHERRIE D IR OB Y Th D, HFKE EOREEFIEIZ- OV TIEL, van Genuchten (1980)
curves (255X | Fig. 2.2 O L 5 \ZHRhBERLRE. fHxFFEKREGS X OEME L I3k Eafn=RI20E 5 B
ELTND, INHDRT A—=2%ZRHIHT5I2H7- Y Japan Nuclear Cycle Development Institute (1999),

Kinouchi et al. (2011)33 & T Japan Institute of Construction Engineering (2012) % 7z,
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1 I
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\ ——Water phase (Bedrock) 16406 | \
£ o6 E 1.E+05 -
2 o
£ @ r——
5 9 10404 - ——
=% a e —
g z
£ 04 = \
5 B 1E+03 -
z \ f; \
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16401 | | —Gravel sail \
Bedrock
0 : ; 1.E+00 T T T
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Water saturation (-) Water saturation (-)

Fig. 2.2. Relative permeability curves and capillary pressure curves for surface soil and subsurface grid blocks.

FHbfEEZ OV T

GETFLOWS Ti&, K& HIFIRICL 5 HERE 7o 22 EE L T\ 5, BKIZE D HEONRHRE
VIR IR D 28 % 2 1 LTV 5 (Torri et al., 1987; Brandt, 1990), H1F7iiC L 2 HEE IR O LiRE S5
(2 L7z, Govers(1990), Morgan etal. (1998)3 & Uf Kabiretal. (2011) Td 5, &I X - THIEEL 7= 131
MK DFEAUZNE S Tht F 35, & DOIREW OB HFEXIILL T DEY Th D,

splash erosion 8

- V(Mszs,i )+ V ) Dss,iv(prss,i )_ qss,i + = d = = 5 (prSS,i) (2-5)

e

T 2T Ry VIRIBRAKSY @ OTFWERPYRIE (kg/kg). Disi VIRIBRRKSY | DRGSO MF K HHEEARE (m¥/s),
Gss VRIEREFK OBUKSEIZ L B v 7 YV —RIE (kg/m¥s). MY ZRIEKSY | OTHERAS (kg/ms).

SS,1

erosion

mg ;TR K DRI | DIREBE (kg/m?/s), de 13KE (m)TH 5,

K HEOEREIILLIT TR SN D,

1 mjiiash+m:§j;sion aé:
T = (2-6)
1 - ¢ i pss,i at

I TPy FEEERAEE (kgm’), ¢ (TIEEREDND OES (m)ThH D,
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MR EIZET 2 TR ILL T OBy TH 5
m?*"=SDI-E, -e”” 2-7)

Z 2T SDI TR T v 7 A (kg/). Er I ZREROEB) =R LX — (Jm¥s), Z 1T EMEEZE L
TRBRAN ST A —5 () 1y TTRIEERSY | OFIG (O TH D, BENOEB) = R /L ¥ — | LEER & RNRIZ X
HIZRNF—Z X5 TRELSN S (Brandt, 1990),
E =(8.95+8.44log(1))-(1-C.)-(1-C,)-H, +(15.8\/ﬁ—5.87)-cc {(1-C,)-H, (28
2T LIIRFERE (mm/h), Co EEUEEIE (). Co ARHBER (). Hr IXEETR (mm/s), PH I
E (m), Hyl3HRHNENE (mm/s) TH D,

MFRICL D HERE, R 0 X 2RBET 50T HEME, JEMEEMEEZRY A D TC
(transport capacity theory)EEia & FHV 7= (Kabir et al., 2011; Morgan et al., 1998), L FD X 512, Z OHGHIT

EoEo LR, HERAHEET 5,
mi" "= By v (TC=R) (2-9)
=T B, IR ORI 5 BRI (O v [HIERRSY | OUEMEHE (m/s). TC 1 transport
capacity Th 5 (k). B, IFLUTFTTHEZOLND,

B. = Ae”’ (2-10)

I TABIOB IR/ NT A —% (4=0.79, B=-0.85), J |L¥5% /) (kPa) (Kabir et al., 2011) TH 5,

Vss,i iU\T@ DVC})%)

2
v :\/z|:pss,[ _1i|ng n 36\)2 _Q (2_11)
’ 31 p, D. D,

Z 2T D TRy | ORERILE (m), vITTIARDOREMELREL (Pas) (Rubey, 1933) T 5, TC 1FLLFTH

2 HID,
IC=c(10Vs —w,,)" (2-12)
ZZTeBLUNITRBRIY/ T A —4 (Morgan et al., 1998), V ITHIZREDOBHE (m/s), s (TR (%),

12



2 VBT VA O TR B R R FE il SR 0 137Cs Bs it

@,, 13 Unit stream power DEFSE (m/s) (Govers, 1990) Td %,

T Cs 8k 2>V C
TG Cs 1ZEIC 2 DO IECREIER L ONAIFIE) CIRREFN 2179 5, WEBHE Cs IXED(H D i
BHHEPICE D A ENIIRE TR 2 B89 2 TERE. IRTFRE Cs 131 A L RRE CTHIER K M OV Rk eh

BB AIED - L Th s, TEEIE Cs 55 L OVATRE Cs ORI HRAIIL FO@Y Th 5,
-V (M R, R, )+V-D V(o,R R, )-aq,.R, - P, R R,

w SSI Ccs, i §8,1 SS, i s, i

R msprash_'_R eroston . a ( ) (2—13)

cs,i'"Uss,i S,1 vs i adsorption __

+ - pWRSS imss i
d o ot
- v ' (MWRCW)+ V ’ DCWv(pWRCW) quW cw lp wWRCW

+ prssz l‘ldso”!’ti0”+ pss,i (1 - ¢)miadswptmn: g(pwwchw)

T T C Regi VIRIBER Y | OTFEW T ORHEY &0 DR (B/kg), A VTEE Cs DRABEES (1/5).

(2-14)

m"d””’””' VI Cs &Ry | & DS « BBEE (Bq/kg/s). Rew lZ/KFHF OIEIFHE Cs 2 (Bg/kg)

Th b, WHHEE (p, R, mE) BEO(py, (1= $mi PP\ RE I FE A, % Tk T
DHBET D, HFRAKIS L OH T KT ORRERE Cs 38 L OVARE Cs OWBAERITLLFO@EY Th 5,

mr = (R K, R, ~R.,) (2-15)

ZZTa IR ER (1), Ka IRRIBRASY | DS EMREL (Lkg) Th 5, Fig.2.3 ([CHIFE A HIs L ovHirh
B B HEHE Cs OFEFE &K O EIER 27 Lz, #iZFKFPOBRERE Cs 35 X OVATFRE Cs 1358tk
BK N K> TRBRAERIENE Z Y M Mo R ICRBW T, 18 LMK OFAFRE Cs D
[ CURMEAE SO L Z 5, HIZRIKH ORRERE Cs 137K FH7 1M DK D FEEHCA B AR AT L CTHIZR K H & 158
P REBLIOHERE L 20N 6, Bk, KBTI~ BITT 5, e Cs 1B L Tk, B3R -
ST HERZAT L, HRAKT AT, RE TR OKD T T v 7 ZTEAF L TR « JEHUZ K& - TBAT.

?}ItL‘Fﬁ‘éo
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Particulate Cs in surface water: Dissolved Cs in surface water:
Depends on horizontal water velocity or gradient Depends on vertical water flux

Particulate Cs Dissolved Cs

Cs in soil Dissolved Cs

Dissolved Cs

Fig. 2.3. 137Cs transport processes.

2.3. W REIROBE

TN OB Cs OFRHAENT A2 R T 210 H 720 | MERRELE L TR 3 503 s, Otk
TEDE D W o TR B FE T B U Cs OFENCEHT DO, Q/NRIRICB VTR, E 2
M5 ENL BWDKEME Cs 3T 2 D7 @BREEH DS AR O RRERE S KX OVEFREOAFEL & %
FTRNTO Kg & AT, AR Cs W IR TRED & 2 2 ERED 3 DORIWZxE LT, WS R
FEATEED S Wik, fR = SR PNAT K 7 IR CRE) T 47 2 )itk o O 85 B B 1 13t 4 Sk G fighr % 92

Jii L7= (Fig. 2.4),
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| Upstream Ota
137Cs inventory River Catchment
2
(kBa/m?) — Odaka River Basin
oo
B 00-200
B 200 - 300 Ukedo River Basin
[ 300 - 400
[ ] 400-500 .|~ Maeda River Basin
[ | s00-600
[ ]600-700 Fukushima Daiichi
[ | 700-800
- Kuma River Basin
[ ] e00-900
[ ] 900- 1000 . . .
| Tomioka River Basin
[ 1,000 - 2000
- 2000 = 3,000 | Oginosawa catchment
B o000 -

Fig. 2.4. Cesium-137 inventory distribution of five river basin such as Odaka, Ukedo, Maeda, Kuma, and Tomioka
River near Fukushima Daiichi and Upstrem Ota River and Oginosawa catchment based on the Forth Airborne

Monitoring Survey (November, 2011).

SR IR BT O 517674 km?)ik, /g, FF01, BIEJI, BB, &R % x5 &
L 7-(Fig. 2.4), GO FIRO LA IR 60%, KH 22%., HiH 7%, TH 5% TH H(MLIT, 2014;
MOE, 1986), % % Oifitkimfs, HHiF I L O 37Cs L&A &1L Table 2.1 (277, FE 1R L OMIEIC
DT, Kitamuraetal. 2016)IZFE LV, Wk OFFE E L CiE, Biicisi 2 % 2O F . 37Cs #)
WA B OB A THFH OB WLER OAENE OIS,

K WA Z DWHFEIL, 7.7 ki DIRS B3 H Y . @EFE T IFEET P LEEIC 15km D& 25
\NLE T D, P7Cs O FEHIEFE R, £ 0.71 MBg/m? T& % (NRA, 2011), HHF| I 02% N ARAMIL TH |
KH 2%, TEEHHE 1%E ThH D, 70 ITFRAROEERMRL 7 LW TH 5, 3K 20 LTI,

KEDBIRD S TS, 3K PUTIKZ L], S DRI A DN E 2 & T O%EMET O i~ & 5t~
15
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Do RBFELO—HEIL 2012 R T A5 2014 -0 3 A FE TRYED N E N X TV 72 (MOE, 2017), BRrY:

»

K, B, FEORE ORI | ETHIES 2H-ME 20mND Y 2 —REFTH D, BE

ﬂ

7

PfEII~03km?> TH Y | ZIUTHERRRIBLO~4%ThHh 5D, #-oT, Y Ialb—ra rEET HE
iE, BRI ORBELZER L TEETILERD L LEZ DD,

KEN BRI, 21 km?> DJKSB3H Y | @EH T IFEEGALPEIC 244 km D L 2 AHITALES
%, BCs ONFHRFEEIX, # 1.9 MBg/m? Téh 5 (NRA, 2011), HHIFIHIE, £ D 99%LL ERHEMARTH 5
(MOE, 2016), #J& FH¥ 3T ICHEMREQE TH H(MLIT, 2016), AT IR AR L OETH D
(National Institute of Advanced Science and Technology, 2016), A 1| b ek 1 3735 A 4 X 48 PN (2 8 L (MET,
2017). BRIt TWARVWKIETH D, TDd, NAHREEBIILE BETILEN L, H
SRHDROER A EZBLETHIITEH L2 A M Th b, WO 2IcZZ2 & BEHETNO

FRFELTRICHHE N TS

Table 2.1. Characteristic of the each catchment.

Catchment Catchment  Forest Paddy Others 37Cs Initial
area (km?) (%) field (%) (%) inventory (TBq)

Odaka River 68 49 26 25 48

Ukedo River 424 57 25 18 833

Maeda River 45 75 8 17 72

Kuma River 75 71 14 15 86

Tomioka River 62 71 13 16 38

Oginosawa (Tomioka 7.7 92 2 6 5.5

River system)

Upstream Ota River 21 99 0 1 40

16
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2.4, ZRIUKIHIUE RS E 7 /L DIERL

ko6 — R DREINEE O 5 WHCNE)IL FEF L BiTEIL B&JI, & RIS Tl Fig. 2.5
DX DI 3 WoLKEMEREET VEAF Lo, & FIIMBZ BB 2 X 9 E L. )l & 2 DuifF
THE R TR L, )2 SRE O TT IS AT THWE T2 5 K OISR LTz, BT D /KHRG S
1% 10-250 m(CF¥ 70 m) & L7z, F4& 1% LC, Fig. 2.5 O X 5 I HHFI A, KBRS K OHE D,
KBS 2 03 E LTz, MR ITIIRKE R T OMEE 2% T, KREITZER DNy 7 7 —O&E 2 R
7L, MERBIIHERNTNALETH D, 13 - #MTEIL 28 @620, RBIZSM<, HREIZEHR
K722 X HITER LT (Table2.2), AJEITHIEMNEIZIRN O KO ICRE L, HIF 1000 m R S £ TH 2 1F
Al U7z, SFHk& 2503 140,800, #1503 4,224,000 Th 5,

K 7 RGEIIS L OKE_ BRI >V TC B [RERIC Fig. 2.6 3 X OV Fig. 2.7 12F 3, #k 7 IRRIC >V T
. FEAZR HER A HEREIS KOV ME Cs Bkt 2 M3 5720, £9 10 m ORDNE A U THE
Bt UTe, SREH OB OET I 5 W)IFTR & RBCVER LT, Pk 30T 62,109, #ks1-40%
1,863,270 T %, KM LW OV TIE, M+ DACEAHE B 1L 5-200 m(F44 40 m) & L7z, {H L, $HE
FHIAIDOJEIE 22 J& &V 7edIZFRE L2, RS HFEIEFEERIZ, #1000 m &£ CTH 2B L7, Tk
THIE 13,104, ks 1503 288,288 TH %,

H LWADFEAET DRl LCiE, Table 2.3 O X 912, Wi/KMAZFRE L, WAMABR 25220

WS 2 2 & T, ZFohillaTT b L, FHREIM T O X LAOBIEITZR WG O L ARE Lz,
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Geological

imes Classification Subdivision
- Soil Tsu
Topsail General portion Ts
Depasite in Riverbed gravel Ag
Holocene | mountainous Hillside deposit Ot
e Landslide soil mass Ls
Ak Sand-rich As
Clay-rich Ac
Lower
i ) Terrace Widdle
Pleistocene deposts T
Higher
o . Upper alternate layer
ainen;ji :
Pliocene formaliojn Widdle mudstone
Lower sandstone
Riverbed gravel  Bw1
GNEEs | (Basemant Weathered |\ ciie depost [NEWE,
Fresh

Marine area
v

DO

West

Cross section

Fig. 2.5. Overviews of the hydrogeological structure model of the five river basins such as Odaka River, Ukedo
Rirver, Maeda River, Kuma River, and Tomioka River (Bird’s-eye view and cross-section). (Kitamura et al., 2016

I2 & B % — IS TE).

R

Ziver bed s

-

\ —

Fig. 2.6. Three dimensional hydrogeological structure model of the Oginosawa River catchment. Colors indicate

different deposits and bedrock types (individually labelled).
18
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Fig. 2.7. Three dimensional hydrogeological structure model of the upstream Ota River catchment. Colors indicate

different deposits and bedrock types (individually labelled).

Table 2.2. Thickness of 28 sub-surface layers.

Layer Layer thickness (m) Type

1 0.02

2 0.1

3 0.18 _

A 0.3 Surface soil

5 0.23

6 0.23

98 Layers with increasing thickness with depth. Bedrock, Weathered
Individually thicknesses depend on location host rock etc.
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Table 2.3. Main dam reservoirs in the study area.

Max water
Volume
Dam reservoir River height
(1000 m?)
(T.P.m)

Ogaki Ukedo 17300 170
Ogi Oginosawa 716 357.5"
Sakashita Ohgawara 2532 127"
Takigawa Tomioka 5165 215
Tateyama Tomioka 1286 60"

Data published by association of the dam in japan.

*Calculated value from digital elevation map data of Japan (Geospatial Information Authority of Japan, 2012)

25N A—=4

AR OK, T, B Cs DFB) 2 MBAYICiE < 728, GETFLOWS TH V953 T A —H (3%

725, K - ZER DI, LAV L OB Cs @ik icBd T 2fix DT A =2 2ZET DULEND
o AFRICTIE 3 23FTOFEIIC GETFLOWS %3l L TV 523, 530 Itk L OV O NIC e 5
K RIRILR U 8T A =2t v hEFWE, LU, 5 Tl oAb ALE 45 K e o0 T,
BELDINTG A =B ONWTT 2a—=0 T &2 {7720 T, Hli&, Table IZF & O3, ZLIMIRIEED S
—Z kv Fx MW,

Table 2.4 |[ZHU T @2 361F 215K 8503 L OVE MM Z 7= L7z, Table 2.5 |[Z& /8 THEE T 5K
=¥, AR LU Fig. 2.2 IR S ARG K - BRRES LOEMEED —7 OV a v
DINZDNTAR LTZ, Table 2.6 |2 HHEORERRK Sy T & OfFERIG 2R Lz, HHEORZRR L 6 hifks
%L, 000l mm, 0.0l mm, 0.l mm, 03mm, [ mm, 5mm ORERREZHE LT, Table2.7 Z~v=1
7 DEAMMLE RS & 7~ L7-, Table 2.8 ([ZZAF S L ONIMRERRICET /87 A —% | filx 1366, B
HPEE B, MURWESR, WRETH B, MURIEEZ R L7z, Table 2.9 [JIXWER AR L ORETRICE 512
BORIVOTEERT T A= HlZ21X SDI B L UNEE &~ L7z, Table 2.10 |2/ Cs (2B
LHRT A —5 RHTLE R, BRI, KT O FHREER . TR AR, 0B A FHE T DB E

JE L R R L OMRER & &2/~ L7z, Table 2.11-14 13K )| EHitkicBE+ 58T A —4 TH D, §

)1 ds KUK 7 RO FH R THWE AN TG A —=F N EEE L2 b DIZ DN TOHRKRFTER LI,
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Table 2.11 |2\ T, H/AKFEDOWEE L EH S 57010, kR Z /&< Lz, Table2.12-13 (2D,
HUKEF OVREWIRE 2 EH-SE L7200, HEREZZT BICHRIEIRE D L2320 03 v MElldy
DEEZHEPLL, S OICHREERRERO TEHEE D LLF S 2 K& < L7z, Table2.14 [ZOW T, ilfRiK
X2 DO —REFHE LTz, Case | I1FRIBRIEFN 2 WGEEZE LTz, HOBREIXEIEICESEHRE
L 720 HUHE Cs 13D VR 7-1E E L HURREDN R < 72 2 23588 541 TU 2 O C(He and Walling, 1996),

PIRARIE A Z B LT- Case 2 3R E LT,

Table 2.4. Hydraulic parameters for grid-blocks in the subsurface layers.

Classification Subdivision Intrinsic permeability Effective  porosity
(m/s) ()
Deposits in  mountainous Riverbed gravel 1x10* 0.3
area Hillside deposit 3x107 0.3
Landslide soil mass 3x107 0.3
Alluvium Sand-rich H*:1x10% V*:1x107° 0.3
Clay-rich H:1x10° V:1x107 0.2
Terrace deposits Lower, Middle, Marine, 3x107 0.3
Higher
Dainenji formation Upper alternate layer H:1x107 V:1.1x10® 0.3
Middle mudstone 1.1x10°8 0.2
Lower mudstone H:1x10° V:1x107 0.3
Basement rocks Weathered (western area) H:5x107 V:1x10-8 0.2
Weathered (eastern area) 1x10¢ 0.2
Fresh 1x108 0.1

*H: horizontal, V: vertical
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Table 2.5. Hydraulic parameters for grid-blocks in the surface soil layer.

Land use and land cover ~ Subsurface Intrinsic Effective Relative
permeability porosity  permeability
(m/s) (-) curve and
capillary
curve
Urban city 5x107 0.25 Sandy soil
Compound 5x107° 0.3 Gravel soil
Paddy 1x107 0.2 Cohesive soil
Mountains and forests, Deposit on slope surface 1x1073 0.5 Gravel soil
waste land, farmland Alluvium with gravel
Alluvium with sand
Alluvium with clay Cohesive soil
Terrace (Lower, Marine,
mid, high)
Dainenji formation
(Upper, Middle, Lower)
Weathered host rock
Sand dune plant Alluvium with sand Gravel soil
Glay soil, glay lowland Gravel soil
soil, andosol on farmland
Glay soil, glay lowland 1x107 0.2 Cohesive soil
soil
Andosol 1x1073 0.5 Cohesive soil
1x107 0.7 Cohesive soil

Peat bed ~ muck soil
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Table 2.6. Sediment particle size distribution.

Land use and Subsurface Sediment particle size (mm)

land cover 0.001 0.01 0.1 0.3 1.0 5.0
Urban city - - - - - -
Compound (Categorized by mountains in

forest, waste land, farmland)

Paddy 0.2 0.6 0.1 0.05 0.05 -
Mountains and Deposit on slope 0.05 0.3 0.1 0.1 0.15 0.3
forests, waste land, surface
farmland Alluvium with  0.05 0.15 0.1 0.1 0.2 0.4
gravel
Alluvium with sand  0.05 0.15 0.3 0.3 0.2 -
Alluvium with clay 0.2 0.7 0.1 - - -
Terrace Lower 0.05 0.2 0.15 02 0.1 0.3
Marine, 0.1 0.6 0.1 0.1 0.1 -
mid,
high
Dainenji  Upper 0.1 0.6 0.1 0.1 0.1 -
formation Middle 0.2 0.7 0.1 - - -
Lower 0.05 0.55 0.2 0.1 0.1 -
Weathered hostrock 0.05 0.4 0.15 0.2 0.1 0.1
Sand dune plant Alluvium with sand - 0.3 0.5 0.2 - -
Glay soil, glay 0.2 0.5 0.2 0.05 0.05 -

lowland soil, andosol

on farmland

Glay  soil, glay 0.2 0.5 0.2 0.05 0.05 -

lowland soil

Andosol 0.1 0.4 0.2 0.2 0.1 -
0.2 0.6 0.2 - - -

Peat bed ~ muck soil

Saito et al., 2014.
Nakanishi et al., 2014.
Teramage et al., 2014.
Takahashi et al., 2015.
Koarashi et al., 2012.
Matsunaga et al., 2013.
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Table 2.7. Manning's roughness coefficient for each land use and vegetation.

Land use and vegetation Manning's roughness

coefficient (m? s)

Urban area and industrial sites 0.1
Compounds with grass 0.2
Grassland 0.3
Paddy (fallow fields) 0.2
Farmland (abandoned) 0.4
Orchards and mulberry fields 0.4
Land with weeds (Miscanthus sinensis) 0.5
Waterside grassland (Phragmites australis) 0.05
Dune vegetation 0.3
Cutover area 0.5
Conifer forest 0.5
Japanese cedar and Japanese cypress 0.5
Larch 0.5
Broad leaved deciduous trees 0.8
River 0.03
Reservoir 0.01
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Table 2.8. Raindrop-induced erosion parameters.

Land use and vegetation Height (m) Stem storage Crown Floor  Floor
(mm) covering  storage covering
() (mm) ()
Urban areas and industrial sites 0 0.5 0 0 0
Compounds with grass 0.5 0.5 0 0 0
Grassland 0.3 0.5 0.9 0 0
Paddy (fallow fields) 0 0.5 0.9 0 0
Farmland (abandoned) 0.3 0.5 0.9 0 0
Orchards and mulberry fields 3 0.5 0.5 0.25 0.5
Land with weeds (Miscanthus sinensis) 0.5 0.5 0.9 0 0
Waterside grassland (Phragmites australis)  0.05 0.5 0.9 0 0
Dune vegetation 0.3 0.5 0.8 0 0
Cutover area 0.5 0.5 0.9 0 0
Conifer forest 15 1.5 0.8 0.25 0.95
Japanese cedar and Japanese cypress 15 1.5 0.8 0.25 0.95
Larch 15 1.5 0.8 0.25 0.95
Broad leaved deciduous trees 15 1 0.8 0.25 0.95
River 0 0 0 0 0
Reservoir 0 0 0 0 0
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Table 2.9. Soil detachment properties.

Land use land cover Subsurface Soil Detachability Cohesive strength
Index (g/J) (kPa)
Urban city - 0
Compound (Categorized by mountains in forest, waste
land, farmland)
Paddy 24 10
Mountains and forests, waste land, Deposit on slope surface 3 3
farmland Alluvium with gravel
Alluvium with sand
Alluvium with clay 2.4 10
Terrace (Lower, Marine, mid,
high)
Dainenji formation (Upper,
Middle, Lower)
Weathered host rock
Sand dune plant Alluvium with sand 6 2
Glay soil, glay lowland soil, 2.4 10

andosol on farmland
Glay soil, glay lowland soil
Andosol

Peat bed ~ muck soil
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Table 2.10. Radio-cesium transport parameters.

Parameters Unit Notes
Half-life y 30.1
Inventory Bg/m? Second Airborne Monitoring Survey ?
Distribution coefficient K, L/kg 400,000 ®
Molecular diffusion coefficient m?/s 2.07x107 (in water at 25 °C)
Tortuosity factor - 0.5
Longitudinal and transverse m 0.1 (Longitudinal), 0.01 (Transverse)

dispersion lengths

Representative length m 1

a NRA (2011) — excludes 5 km zone surrounding Fukushima Daiichi Nuclear Site

b IAEA (2010) — for sediment grains up to 0.3 mm, no radio-cesium absorbed to larger grains

Table 2.11. Hydraulic parameters for grid-blocks in the subsurface layers in case of the upstream Ota River

Catchment.
Geology Intrinsic permeability (m/s) Effective porosity (-)
River bed sand gravel 1x10* 0.3
Deposits on slope surface 3x10° 0.3
Weathered host rock (west) 5x1077 (horizontal) 0.2
1x107® (vertical)
Weathered host rock (east) 1107 (horizontal) 0.2
1.5x107 (vertical)®
Bedrock 1108 0.1

2 Tuned for this study such that simulations matched measurements for peak water discharge rates under storm flow

conditions
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Table 2.12. Sediment particle size distribution in case of the upstream Ota River Catchment.

Soil Land use Subsurface Sediment representative particle size (mm)
0.001  0.01 0.1 0.3 1 5

Forest  River - 0.01*  0.04* 0.25 0.30 0.20 0.20
brown  Forest Weathered host  0.03*  0.422 0.15 0.2 0.1 0.1
soil rock

Deposit on 0.03*  0.32° 0.1 0.1 0.15 0.3

slope surface

River bed sand  0.03*  0.17* 0.10 0.10 0.20  0.40

gravel

2 Tuned for this study such that simulations matched measurements on suspended sediment fluxes under base flow

conditions
Table 2.13. Soil detachment properties in case of the upstream Ota River Catchment.

Soil Land use Subsurface SDI (g/J) Adhesion (kPa)

Forest  River - 3.0 -

b

rown Forest Weathered host rock 50* 10

soil
Deposit on slope surface 502 3
River bed sand gravel 502 3

2 Tuned for this study such that simulations matched measurements for peak suspended sediment fluxes under storm

flow conditions.
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Table 2.14. '¥’Cs transport parameters in case of the upstream Ota River Catchment.

Grain size
Unit Case 1 Case 2
(mm)
Molecular diffusion
m?/s - 2.1 x107 2.1 %107
coefficient
Tortuosity factor - - 0.5 0.5
) ) 0.1 (Vertical), 0.01 0.1 (Vertical), 0.01
Dispersion length m -
(Horizontal) (Horizontal)
ai? st All grades 1.2 1.2
0.001 2.0x10° 2.0x10°
0.01 2.0x10° 2.0x10°
Distribution 0.1 2.0x10° 5.0 x 10*
L/kg
coefficient Ky 0.3 2.0x10° 5.0 x 10*
1 0 0
5 0 0
2.6. BT — %

5 IEIRIZ OV Cid, Kitamuraetal. (2016)IC3 T, BRI TRAL, ik, TRIERDIRIE ORIEZE(L

(BT LT, EINME & RO, Sl FEE L TV D, 22Tk, SRR O R AT OENE SIS B D
T.2013 4E 1-3 H . 9-11 AR OBIER L O 127 R 2 W 7R OFE R 6 | i i (m¥/s)
ZRM U, £72. FALEEE (2014)28, 2013429 A, 10 A2, KbliZ L EFRICNET S 2 >DOF=4
U TRA L FEBERE LOREE)T, HAKRHZIS T DK ORERER L OWAERE YCs 2 HIE
TAERERE LT,

K PRI OV T, 2014 48 9-12 HITiEZHIE LTz, sl 7 v T et 2 FIVTHIE L,
WL 2m DA K v 7 & 10m OB E RAE AW CHIE Lz, WEILESIEEAZREL, 10528
(22014 £ 4 H 9 A725 2015 4F 12 H 31 B £ THRIE Lz, WEII) DK ORI IR EE AT 5720
(2, BERIOKR Z BRI L, WEE & e e B OBk 2~ 7o, BRIk D K 95 1c72 o 7=,

TFIERDIEFE (mg/L) = 0.874 x (B (NTU)) (2-16)
ZOHRADREREIL R=0.99 ThHo7o7cd, FEFFERNEZ LD, £/, 2014 025 2015
FEOM KL DANIZENT BT 4 A2 b T v 72RO RRERRL - ORREHE Cs IR L 2 E L7,

t7T 4 AR NT7 v 7 % Fig. 2.8 SO 3.7 m ONMEICHKE LT, BEIYV 7T = Vv —75% 500
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ml ORY 7 LY TR bV A AR S TR L 72, HIERUEHT 105°C, 24 BRI X, 100 ml

DT TAF v 7 arTF—(U-8 Fa)ZE AL, Ge BB Z VT, HBEHREZHE L7,

o
TS VT

Sediment trap
installation point

Monitoring point
of water discharge
and turbidity

Fig. 2.8. Watershed boundary of the study area and monitoring points for water discharge, turbidity in river water

and '*’Cs concentration in settling particle.

KHEN EFRIRIC oW, BRI Z ZFBANC X o TRMOHIER X OUKAL & i o BR 5

LTS,
JiE (m/s)=38.8 x (KL (cm))'s! (2-17)

AKOZIE 1 R 2 S ICHIE SR TWT, HAKRRIZEW TR 10 2L IClEShD KO ICRESh TV,
LI 2014 4F 5 H 29 H7»5 2015 4E 9 H 10 H O], 5-10 73 [FRE THIE Sz, WEED & FRIERD IR B~
OB, ERLERERICER LW, By 7 A 137 OER, BUBIZEW T lum Oh—RKY v 7
SIVE—=TAIBL, 7 4N —THR STk 1 2 R HE & L C(Tsujietal,, 2014b), 7 ¢ /L& —Z s L
TRAFHE WCs TN T o TN —RAR 77— b U v 2 THfife L(Yasutaka et al., 2015), Ge =AM Has

AW THIE Lz,

2.7. SRS —ERIREBE O EH L AT RGN
K L HF K Z [RIRFICE S | EAETOKIGERE T /WIE, MAONKOFENG OFAHRRE 2 51573 5 4%

DD, DEV ., HEREIZEIT HHIFEK L HTRDLD B 2358 I FHRRRRIZE L 72R B2 0115
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e UCORERFMT 21T & | BRETIK~OHIT KD O & 2 WITR KD & #EF K~
DIFEENFEAET D AR B D, —MRAVT. KOFENS OHRRIE 215 5 721213, H T KAL A KIS
L7RAE T, BRAK D BARFEBR A 51\ o, ARIBEK B2 TS AIRIC G- 2 /. BT HE R KA T3 %
SRR AR IR SN D 7T mt A% IFFICROVIFRGFE 2 2 & TElT 5, BRKEIE 10 4
OB K B2 B L 2858 il Hamon (1961) D20 %& AW T st Gtk ic Aok B2 S L,
THRAE A 13 5 FHR & FEE Lo, PERREEOHIEIL, HRE & T OSSR Dk o R LB

BONT A FT=F— L, ERTEVMEL 2GRN LET D% THEM Lz, KO¥HaEk Lz
I, TRPAHUE 2 5% . W OFEIICHES T, WRAHI DD R Z T 5, ZOFREIZBN TS,
R S5 £ Catia LT 5. HIEEAEL UCid, 1K P OERlERb I EE DS IR F 1/ S Uil &
BOBETDHZ L L LT, EBIT, —B, RERQRIEKA R FERBRSE L 2 L2k o T, HKFEOAHK

ZIRAKT D XD RN OO EWIRE AR SHDHZ L2 X - T, IROHIKRHZAR B IR 7 i E 2 5%
ESERNE LT, ZOXIITKEB X EWICE LTI RIR DG 2 ER Lo, B Cs %8
T8 ARIOHT CIIHER O —F EOREIEIX 2cm TH H 72, FE 2em NITH) —ORE T, Mzt
=XV T THELNTND BCs A XU N Bgm)a 7 +— AT U b S®ET, EBEO T +—N1T 7 Mk
[ZBWTIE, FITAKRNDFNTWD &9 IR IC BV TE, BRI+ — AT U FLpng
%2 bALDH DT, GETFLOWS THMRAEA 1ERL L7 BRI HiZFKIED 2em B EOFHEH 1-I2BI LTI
A& E% 0Bgm? & LT,

EEEOIEE FH TR DK KRBT 5T — X TR OEY Th 5, 5o LTk, Wk s a0 o
T, TR D T A X AR SMFET D 2 L1270 D, 6o T, EE oS % &0 X 5 IZFHRK T
WZEID Y THENEZZDMEN DL, AENT, #HREORE _ESH CHERE ST R e ) A 58 %
B LTz, FEEFIATRAC IS W T, BKEIIANT—2 & LTER 508, ZBHEITHEK T I2BIT 5
BUNAEF AT D Z LIC ko CRIT D, 6o T IREE, BN, SEmGE, AHxHEE b AT —4
ELTHOE Y, BT, T AL APRHKE ST D ZEMAEE L, FEFITHW =0, HKREOREKEIC
BIL T 1 km B EED L — ¥ —7 A X A& Z 5 fithids L OKY LGB THE L7z, RIS

BWTIE, MO PRAEIC, MEFADNREBEISNTWD Z &, SRR 21 km? & BRI/ S Wiz D
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L= =T AZAT =2 IHNT, WRHOT =X DOHhEBEKEDOT—4 L LTIV HoTo, FHEMIT
Table 2.15 (278 L7z, IREITIESICIS CTRARDDOT, B ZEIERGEZ S LT, -0.0057 °C/m O iE
ZLTW5D,

5 PIROFHFExIGE, 2011 4F 9 A OFEE Roke R3S LTV 2013 4D 9 DDHIKA R M axtge & Lz,
WIS ERO 3 B 235 & UTEHR 2 I L7z, 2K RO GRS RIE, BE Cs B TS
2011 4F 5 1 26 A72nD, 2015 4F 12 H 31 AL TOR 4 2 0fR L Ui, KEJI el d, BUliE 2 5

BLWBDZ20144E 1 H 1D 20154 12 H 31 HO 2 EMZS L Lz,

Table 2.15. Weather monitoring stations at each simulation catchment.

Simulation site Precipitation Air temperature Relative humidity Reference

Sunshine duration

Wind velocity

Five river basins 5 AMeDAS stations 5 AMeDAS stations 3 AMeDAS stations JMA, 2011 and
and RaderAMeDAS 2013

Oginosawa Kawauchi station and Kawauchi station Onahama station IMA, 2011-2015
RaderAMeDAS

Upstream Otariver ~ Rain gauge station of Haramachi and Souma station Tsuji et al. (2016)
the center of the Namie stations JMA, 2014 and
catchment 2015

5 Vil LY 5 RIS ALE 25K RIS DWW CiE, 5 2 iZEE =2V v 77— 2 ZFA L
Too ZAULFHREXI GRS, 2011 AEDN D A X — R LT A7, HIERESHA 2011 45 5 A 26 H & Filctk
PEH Y B < B S LT ZEE T — & (NRA, 2011) % JAV 2, Lo L, KB BRI o R R 1E, 2014
ENDIROT, FebZ ORI 2013 4 11 A 2-19 BICHIE S5 S B St =4 U v /5 —4
(NRA,2014)ZfEH L7, 2B 8 Wt =4V L /T —2 001, HEFOLEEBgm)ITATK SN T
BOT, ERBEEEWSVR)DH LIFIE LR, &I T, ZEBEREN OISR R L, E 5k
X, T EARE RO R A MEEOREMD D52, BIRE RO K 81T 0.05 uSv/h ZKE L=, &K
(2 R OB Cs DIFFESAT % | FREBEEIANC IR > DD+ 5 L RE L R EVRE & 2.0 g/om?

CIRE LT, ZOEIZ. GERNTAZ L—"_—TF L — N HWTHEFOREE T 1 7 7 1 LA L5
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FLCRHAERICHIE L CWA T — X ZNHfi§ 5 Z &2 X » TR 7= (Malins et al., 2016), 72 2 4% BH 2%
JEZ LT B4 Cs BL OV Cs N HEHUTAFAAET D BRD, HiFR 1 m i S OZEEHR R & P15 E(Bq/m?) D HH

—

£%%% 1% Saito and Pretoussi-Henss (2014)IZFE & D LTV D, FREEBERE N 2.0 glem? OFRFOHELRE %
FAWT, #HRERT 2L OLFRICER LT,

Forx 0TI EOBIASY ¥ —BEEE L TV, 2072 KHI EFRISIIARAR O mEE & 2
99%LL ETH B 728, FHENTICREEE KIT LvdaZe\, £ 2 T, MAFF Q015)D7 — X /b, 2013 4
SUCEHERNS L OVREER O ML N A A~ APITHAHET DB Cs Fla 2R/ L, GHEE I 7 +—1 7
v hEED Cs BEGW 2, BARIICIE, SHEERICOW TR, 2RI 073, IRIERIZOWTIE, 078 &

N TmEE, ERRICEERICHEET EE L THELZHEm L 72,
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3 K. BEb. BTCs HREARATRE SR

3.1 °C S, 3.2 Tk Rk, 3.3 TR EEOF RS L OB RE RS,
3.1 £72 5 RBNTREIC & 5 iitigds DRBEE Cs Fit HRrE
3.1.1. HIRFI KL O TR OFER

ETNOKOPENDZ DR AT 5 7ol /Ah@)I 5551 BT, fe)Il, &) T S 47z
Vi & FHEE O A UTe, BIHME KRR S K ORI A /85 L 72 2013 R ORE R4 Fve, Fig.3.1 (2
AT EIT, WTNOBHMSIZEN TS, FHREMEITBHIEZ L HBL TWD 2 L 2R LT,

GETFLOWS TIIHIRIR /21T Tl < # KR DFHR A [RIFFIZ 5205 L TV %, GETFLOWS TIEFFATIZ
MDD G EfRET 2D TiE/e<, MITKREZFHET D Z LIk THKREHERRNFAEL, W)
IR S D AR TR A EM L TV %, Fig. 3.2 13 PARRIERHC 51T Dl RO i Z5E L O T
KIROVERREE R LTI T D, MEIRITFHE S RIRIBUZ IV TN O EER DGR 2 LT D 2 & D3k
RTE, VIalb—va JIEMRISTIEKORE L MHOBREHBEL TnbH &2 b5, Fig.3.3 138
HHE TN O a2 —XThsb, 2o —IFELMBEEZFRL TS Z L3R TE 5, Fig. 341
[ LR T 7 v 7 A% T, WIERTE OPEMNCI VT, HEEICEE T L7 2-4 mm/d O TikiEE L
(Fig. 3.4 a), BEEWE O MO MFEE I T, IR B & & 72 > TV % (0-2 mm/d) (Fig. 3.4 a),
TAROFEHIE EIHERIZ BV TAE LTV 5 (Fig. 3.4 b),

2011 4E15 A Roke 38 K TR 2013 4E0D 9 DD /KA X (/K BT Fig. 3.5 (R~ )BT 2/ E)I, 7%

|

FOUL mimJi, g, &R SR ELE~ORTEH EORESR % Table 3.1 (2~ L7z, [FERIC KA Z L~

MABRIZOWTH R LT, 45 OFERIZFEREIC Fig. 3.6 (IZX/R LT,
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Fig. 3.1. Comparison of simulated with observed water discharge rates at monitoring stations on the Odaka, Ukedo,

Maeda, Kuma and Tomioka Rivers. Superimposed on each panel is the Pearson correlation coefficient (7).
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Fig. 3.3. Subsurface water table contours under ambient conditions.

36



3 K. TAb. 137Cs WasMEHTHE H

Discharge flux

(mm/d)

W <

B »-w

B 2o-2
w0-20

Bl s-w0

N ccos

Fig. 3.4. (a) Recharge flux and (b) discharge flux of groundwater through the land surface in the study area under

ambient conditions.
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Fig. 3.5. Precipitation within each river basin over the periods of the different rainfall events.
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Fig. 3.6. Total water discharge from the Odaka, Ukedo, Maeda, Kuma and Tomioka rivers to the Pacific Ocean over
September 2011 Typhoon Roke and the 2013 rainfall events. Also included are orange bars showing total water

inflow to the Ogaki Dam over each period.
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Table 3.1. Amount of water discharge to the ocean over nine heavy rainfall events in 2013, as well as Typhoon Roke

in September 2011. Final column shows water inflow to the Ogaki Dam Reservoir in the Ukedo basin over the rainfall

events.
Total water inflow to
Total water discharge to ocean (m?)
dam (m%)
Period
Odaka Ukedo Maeda Kuma Tomioka
Ogaki Dam
Riv. Riv. Riv. Riv. Riv.

2-4 Apr. 2013 1.57E+06  5.78E+06 1.56E+06 2.02E+06 1.60E+06 9.04E+05
14-16 June 2013 1.66E+06  3.88E+06 9.55E+05 1.01E+06 4.71E+05 7.46E+05
26-28 July 2013 1.09E+06  7.70E+06 8.97E+05 1.56E+06 1.38E+06 2.22E+06

5-7 Aug. 2013 7.30E+05  7.95E+06 1.22E+06 1.23E+06 1.27E+06 2.14E+06
14-16 Sep. 2013 2.50E+06  1.53E+07 1.64E+06 2.40E+06 2.15E+06 3.52E+06

1-3 Oct. 2013 1.05E+06  4.26E+06 9.03E+05 1.24E+06  1.13E+06 9.60E+05
15-17 Oct. 2013 491E+06 2.11E+07 3.81E+06 4.60E+06 4.16E+06 3.98E+06
19-21 Oct. 2013 3.46E+06 1.45E+07 2.90E+06 3.90E+06 3.60E+06 2.77E+06
22-24 Oct. 2013 2.03E+06  9.18E+06 1.27E+06 1.90E+06 1.80E+06 2.08E+06

Total 2013 events  1.90E+07  8.96E+07 1.52E+07 1.99E+07 1.76E+07 1.93E+07
20-22 Sep. 2011 8.20E+06 4.90E+07 6.84E+06 9.40E+06 8.59E+06 9.32E+06
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3.1.2. HAKKHIZIIT B TR OFRER

Kitamura et al. (2016)IZ3\ T, TRIFDIRAE (TR U RS 1 & BUAME O El &2 Kt 2 o B 2 S D
B A MW THEM L7z, 2 DOBHAIHLAIZIS T S 2013 429 A OHIKA R MIOWTEHEEIX
FEEA L < FBL LT,

Table3.2 33 L " Fig. 3.7 1%, #7225t HHMCTO 5 SOtk & K VPE~FH T 2 W o EE R~ T,
[FREIC KA 2 L~DAR ST, & 5IC Fig. 3.8 O XL 91 HbOREHEFRET MO EFT A b -T2,

Z X 2011 4EBJE Roke BEDFERTH 5,

3.1.3. SBURHE Cs DFHERER

T2 A5 RIT Table 3.3 B XUV Fig. 3.9 (Z/8 Lz, ZHAUHIE 5 il U CRTEE~R T2 BCs it &
Zor L., [RRRICKAH & L~DFE A% 78 LT %, Fig.3.10 11 2011 4158 Roke FEIZH51T 5, IEBRD 1¥7Cs
ARy N OBLREERT, R & LT, Y0 1RO £ ORATTIRA S, T ORERA
ARV NUDEAD L, AR, RO S O AT R T A A R LT,

T L 137 WEEAT O R PERRRED T2 01T, KAl A b i D 2 > OBLNMLE A6 R, HIKRFD
TRIFHER L OVBRYEIRE 17Cs IR E DA FHIE & 3R & el L 72 (Fig. 3.11), FHEREFRIT 2013 420 2 DD HE
DWIFE OBIHIME A L < HE LT,

S HIT, = d X OVINE) OB R 22 137Cs it tHE(JAEA, 2014) & FHAEE Z Hl L7z, 36
FONOF 738 2 km AZALE T2 @) | OB HAIZ DUV TIEL 2013 FEOHID D 4 DD HKA R kTR
OB L7 EIT 30 GBq Th o7, FMMICI T 25 HEMERIT 58 GBq & 720, AR TH
o7z, FERIZ/INENOF A6 5 km (SALET D/ @ OBHAIMLRIC IS T 2, 2013 41 A0S 11 H O
&L 8 GBq ThoT-, —FH. ZOHIROFERHKFFORITHEIX 30 GBq TH o7z, ZiILD OFHHEAE

FiE, BUHEO A RHEEIEDEOFRHAN TH L LB BT,
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Table 3.2. Amount of sediment discharge to the ocean over nine heavy rainfall events in 2013, as well as Typhoon
Roke in September 2011. Final column shows sediment inflow to the Ogaki Dam Reservoir in the Ukedo basin over

the rainfall events.

Total sediment inflow
Total sediment discharge to ocean (kg)

to dam (kg)
Period
Odaka Ukedo Maeda Kuma Tomioka
Ogaki Dam
Riv. Riv. Riv. Riv. Riv.

2-4 Apr. 2013 2.36E+05 4.97E+05 3.46E+05 2.13E+05 1.39E+05 3.81E+04
14-16 June 2013 7.02E+05 4.83E+05 2.45E+05 1.32E+05 2.20E+04 7.08E+04
26-28 July 2013 1.08E+05 2.50E+05 7.32E+04 1.09E+05 1.25E+05 9.21E+04

5-7 Aug. 2013 333E+04 4.05E+05 3.02E+05 6.59E+04  6.59E+04 6.09E+04
14-16 Sep. 2013 7.79E+05  2.95E+06 4.19E+05 3.04E+05  1.85E+05 7.60E+05

1-3 Oct. 2013 1.11E+05 1.57E+05 8.45E+04 8.41E+04 6.72E+04 8.88E+03
15-17 Oct. 2013 1.48E+06 4.57E+06 1.37E+06  7.74E+05  5.89E+05 7.86E+05
19-21 Oct. 2013 7.79E+05 2.95E+06 4.19E+05 3.04E+05 1.85E+05 7.60E+05
22-24 Oct. 2013 328E+05 3.21E+05 1.66E+05 1.01E+05 7.47E+04 3.28E+04

Total 2013 events  4.56E+06  1.26E+07 3.42E+06 2.09E+06 1.45E+06 2.61E+06
20-22 Sep. 2011 1.80E+06  8.80E+06 1.65E+06 1.97E+06 1.70E+06 2.09E+06
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Fig. 3.7. Total sediment discharge from the five rivers to the Pacific Ocean over Typhoon Roke and the 2013 rainfall

events, as well as inflow to the Ogaki Dam.
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Fig. 3.8. Locations of sediment erosion/deposition across the study area over 2011 Typhoon Roke.
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Table 3.3. Amount of '*’Cs discharge to the ocean over nine heavy rainfall events in 2013, as well as Typhoon Roke

in September 2011. Final column shows '3’Cs inflow to the Ogaki Dam Reservoir in the Ukedo basin over the rainfall

events.
Total 37Cs inflow to dam
Total 1¥’Cs discharge to ocean (GBq)
(GBq)
Period
Odaka Ukedo Maeda Kuma Tomioka
Ogaki Dam
Riv. Riv. Riv. Riv. Riv.

2-4 Apr. 2013 2.6 30.0 16.6 14.8 42 6.5
14-16 June 2013 13.0 26.1 7.7 8.8 0.7 10.5
26-28 July 2013 1.3 13.1 3.7 8.2 4.7 16.0

5-7 Aug. 2013 03 154 7.5 4.4 2.6 11.1
14-16 Sep. 2013 12.3 144.0 22.6 19.6 6.0 146.9

1-3 Oct. 2013 0.9 8.2 2.4 59 24 1.8
15-17 Oct. 2013 21.8 218.0 912 614 17.5 146.2
19-21 Oct. 2013 14.7 78.8 76.2 72.4 19.2 32.6
22-24 Oct. 2013 23 20.1 5.9 7.0 2.1 8.1

Total 2013 events 69.3 553.7 233.8 202.6 59.5 379.6
20-22 Sep. 2011 29.2 502.6 116.5 106.0 25.0 333.1
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Fig. 3.9. Total '*’Cs discharge from the Odaka, Ukedo, Maeda, Kuma and Tomioka rivers to the Pacific Ocean over

Typhoon Roke and the 2013 events, as well total inflow to the Ogaki Dam reservoir.
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Fig. 3.10. The net change in '3’Cs inventory over Typhoon Roke across the study area.
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Fig. 3.11. Simulation predictions and monitoring results for radio-cesium concentrations (total of dissolved and

sediment-sorbed components) at the Hirusone and Yaguno monitoring on the upstream Ukedo River. Squares show

discontinuous monitoring results taken year round. Circles show continuous monitoring data measured especially

over typhoon periods.
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3.14. £ 5RBKMEICIIT D ¥Cs FRHEDMHA
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Tholz, HAKRHZEB O TAIFEEN EFT 52T, @i 7Cs EIX EH L. &K 90 Bg/L & 72
o7z, Ly LIATFRE W1Cs JRFEITIRK 0.6 B/L FREE CTh o 72, > T, T OFIHIZIB T, ¥7Cs [T F/KIE
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Fig. 3.12. (a) Relationship between water and sediment discharge to the ocean, and (b) that of water and *’Cs

discharge, for the nine rainfall events in 2013.
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Fig. 3.13. Dissolved and suspended '3’Cs concentration as a function of river water flow at Hirusone monitoring

station during 2013 Typhoon Wipha.

3.1.6. 25 OHH T2 137Cs DR

PN BT T 5 37Cs &iX, EDOREKA XY MFZEB W T H iR K ThH - 7= (Fig. 3.9), ZDEH
I OFRIBAZ L JIEEA R E <, ZOUREENPRENNSTH D, LorL, Fig.3.9 X0, /)il
AT, BB K OVER)INC DWW T, ikffERS L NEEENH E VW ZDL LRV HEL BT, ~D)i
HEITRZRD Z LD D, WO WCs Jiit OXMER 2 BT 572010, 52 KiZEHE=2 1
77 —2% (NRA, 2011) % W CTHIHIES & Tl (L L, ¥7Cs it Hi#E % 2K b 7= (Fig. 3.14),

AT, 26 < DHIZKA N2 FRRTIB W TRV FCs iR & 72 o 72, 2013 4F HZKIRF OFRIE 3R 1
0.33%& 72572, fEJIN0.23%, &I 0.15%, /&)l 0.14%, 55711 0.07% CTh -7z, T b DUHZEDOA
— =%, ORI T HEM S T T VEHRCBIANE & AR5 ) Cd o 72 (Evrard et al., 2015),

RIS B2 5 2 2 EERERZ, g0 BCs (b M L kE R, HEEEOREZ V33 L)l
~ORFEDO LT &, IWEFFET 2RO H 24 LOFERE 2 Bd, FiEINE, & 197Cs i
THDHMN, TIUTEIREICIG R S NI DRI O I AFTE L. & S0 TtEICAEL TV 57
HTHD, KBEITNZH > THFEL, ZORIEEICIERINEIRICE S BFET D, THEREICED
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B7Cs DI ~OHE DB LK B O AR Z 0 R0V b, ZORER, AT IEH I 50
Relpolo LHEI ST,

2 BICERHIE & 2o 7RI, BTEI & R R AT 5, B\ A RO BRI O el &
AL L. & BICH A (AU F 5 L) 1360 LIS O FET 5. AR FHIBICEE L, 7)1

SORRERE YCs Z fitia LT Wit TH 5,

ATFT, BB & e R 722 013, G C o 5, 5HF)ITENT., MHEEIRKRTH 525, Fiihx

RN ThoTo, ZHUE, @WIEE BEOFEEA RO EIRIBICALE L, S HI2% Z o LR IZERMIR T
DI TNA~OHARILH 72 0 12 545 (Yoshimura et al., 2015a; Niizato et al., 2016), = HIZEH)D
SRS 3% KA & 2 03 BV FEHI 2 3~ 2 728D, Pt~ DB E2 Mz 250035 5, T 1<
THINAY 2 RIS 556 7 )&, 567 &SN O @M G2 50T 5, £ DOm0 Rifbkix
S0 1136 K OVBOEWTE OFICAZLE LT\ D, Z O TG A B OB CTh 0 . mWE KRR AR
& HER & D (Kitamura etal., 2016), Fig. 3.15 1315 B Roke B D2 & H3Eh o /K fafn g 2 x3, M) E R
FJOPERTE O OFESIE, HIZKEFIZ IS W TS MO SEEIT He~K B DMERVME R 238 2, ZAVE T
KADFRBENHENZ LIZE > T, MERDBAELICK W EEBRL, ZOBREEEALEZVIZL
L ANASDOFRHDID 72N ERHERI E N D, 2D DR S HWE - T, @il T 23 HERITR W
M AR L7z, ZAHLOEBMNL, F)INZEBIT D PCs it =R N2 L NE 2 b,

INENB ZOERINCE T DIHERIE, RO Z ERBZ B, /NE) RIS B AN R O a3
D PRI OFAMIBAAE LT D, S HIICE I 3 L OREERTE ORICAIE L TnDd, 21
HAFTHEIE BN HARVRH R TH D & 2 DL, &) INTTEE 23 O iEEk X ik & F ik
Th b, LIETHAE L WCs 1THIMBINE T 2K Y LB L OEIN X DL > T Iy TEan5EE

bz,

3.1.7. BB X V¥Cs B AR DR 4570
BT A 13T AR NUREZTENETERT 200 %8895 2 Lk, ZEBRES LORED

M HIEFICHEECTH D, Fig.3.8 BL U Fig.3.10 1T, £H 5 1 Roke FFDIERO 105 L OV 7Cs D4
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fbEZ/RT, HEEEITREOZ < OB THEA L T 5 (Kitamura etal., 2016), FIEEDOMEAS B37Cs 12 %
AT, IEBRD BICs A X b UHANTIRIR O Z < OBFT THA LT e, TR EOR IR
FAEIZ Ko TIRE D2, —J7 ¥7Cs A X b U DD Ot i 72 FE G W OB B0 AMITHKAFE L T
W5,

T & BCs (RBED/F — D UM 2~ TR, @EERRNICBIT 28 WEURE K Th o015
T % (Yoshimura et al., 2015b), &7 A 137 (X IR ORE LIEMITR TV IAEN D720, HIFRAKFT
BAFRER Sy & U CHEAET D EIBIIIER I 22\, T D7, ¥7Cs /AL I IRERE 17Cs OB X IZHRT
%o THEDOHERTIE, TATFHERI RO RN ALE 9~ 2 B HERE L Tu iz, ik oD JEES0) 1 oD
230 RIEL Ao TOWBEFT Th -T2 N5 OBFTLIFRERIC YCs bHERT D H/ATE R> TV 5,
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Fig. 3.14. The ratio of '3Cs activity discharged to the ocean to the total inventory of the basin at the Second Airborne
Monitoring Survey over each of the flood events. The results for the Ogaki Dam show the ratio of '3’Cs activity

inflow to the reservoir relative to the initial inventory upstream of the reservoir at the Second Monitoring Survey.
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Before event: 0:00 September 20, 2011

Durnng event: 18:00 September 21, 2011
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Fig. 3.15. Distribution of water saturation in the top surface soil layer before, during, and after 2011 Typhoon Roke.

3.2 /NRIIC IS B R, ¥Cs DB/
3.2.1 F)IIKHOFRE, RERDRER L O YCs 1B EE D Z XY 3

SEBRRRERFC 351 5 Mk 35 J UM F/KIEAUZ A B0 7w 73BT X » THEM L7, Fig.3.16 |3 EH7k
RERF OHIFIKIRZ 7T, K IROKIFIE, WRIROBEEICALE L, ) I3 2~ & i D, Fig.3.17 1%
PRI T OMIFR KIS L O FAKDOW#RZ KT, MBRAKOWHIL, FRER L FEERLERASDE TR
AIE L 72t FEZEROW ONLE & A LTz, i FARNZITIRIR D BB CEITHEE L, KX LI ED T

RO EMINCB N THEHT D08 H - 72, Fig. 3.18 [ FARRIERIICK T2 Bt KB D2 % —%
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R, Fig.3.19 (I 2 @R 3 2 M F KN D 7 T v 7 A %K, HEITH 96%DEE (B L O
%) 128V T 3-4mm/d Th o7z, KHIZEWTIE 1-3mm/d Th o7z, EROE TR & A%
RS NTHET TR Z o Tz, ST 30 mm/d LT Th o7,

Fig. 3.20 LV . 3K& A0 EFiRIcis T 2 &R O 5(0.016-2.4 m¥/s)iX, 201449 A5 12 A
DINZRNE S 72 I (0.070-0.45 mP/s) & K < —F L TV 7= (Fig. 3.20 b), HBAREIL =092 Th o7,
UL, FHRAE L SHAMEO R ORI & UCTRIERD 11 LORWRICITRET 208N H 5,

LSS 3BT DRI 1T 0.16-2.2 x 10° mg/L T 5 (Fig. 3.21), R & EE L O —FDOEA W
1% 2014 45 10 HLABEOBIRIO SR L0 BWER & 72 o7, 2014 4 1 H LLATOFRAE FIx, FEDIRE %
—AHMIRREE /NI DA D o 7n, ZAUTIRIBENIC IS IT D BRIEREIC K > THBREEZZIT0T 0
AREMEDN B 2 HiLlc, HEAEZFOWENRVIREED HIE1T, HERCEN/HRT 5 2 & ndfESNTND
(Lepage et al., 2015), /G NTH T — X 2 H LTS Z L5, H/KKFO FERIE Z 8/ Nl LTV b K
hFKNTH D, ZOHMEOERHIKA R LB A Phanfone, Vongfong, Nangka 33 J OVELH; 228/ Etau
T D, Fig. 322 1%, #KF DN ORI F D 37Cs JE O ERIER L OVA DIZBIT 5 B7Cs JEED
FHRMEORER 2~ FHEAEIX 0.0058-22 kBg/kg Tdh v . FEHIEIX 2.2-28 kBq/kg TH 7=, Fig.3.22b &

V. FHERER L EHME L OHITH DREEATTE o7 (=0.40),
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Fig. 3.16. Surface water level under ambient weather conditions.
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= Surface water flow
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Fig. 3.18. Subsurface water table contours under ambient weather conditions.
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Fig. 3.19. Recharge flux and (b) discharge flux of groundwater through the land surface in the study area under

ambient weather conditions.
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Fig. 3.20. Simulated and observed water discharge rates for the Oginosawa River. Dotted line in panel (b) is line of

equality.
Vongfong
; ; Etau
Six month period after
decontamination Phanfone Nangka
10000 \ \
= \ Ly Observation
\" v —Simulation
1000 v

>
S

SS (mg/L)

—_
(=1
—

0.1 I
1-Jan  11-Apr 20-Jul  28-Oct 5-Feb 16-May 24-Aug 2-Dec

2014 2015

Fig. 3.21. Simulated and observed suspended sediment concentrations in the Oginosawa River. Peaks occurring

during main typhoons in the observation period are highlighted.
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Fig. 3.22. Simulated and observed '3’Cs concentrations in suspended sediments in the Ogi Dam reservoir. Dotted line

in panel (b) is line of equality.

3.22. HEERAR IUHER, YCs B ORE

—EFTOEEEA R N OEROELEQR011 4 5 A D 2015 4 12 A OFFH)F IO FHHE
(2011 4= 5 A 225 2015 4 12 AT 5 EBROZ L& O AR % Fig. 3.23 35 X O Fig. 3.24 |2” 7, %
< OTEREIE, WL LOHHRT VIZB W TR I o TWD 2 & B HEE S L7z, AR, Wlns
BEN 7= RAIRIC B D TRIT & A PIEROR R ITHAE L CO R W CEER AL T 0-10 g/m2y, #HHE 51
M OME RS 13 0.001-0.1 mm), ZIVUIREHENIFFITEV MR LTc HERT ITHRRN THERE L
TLEIDPDELLMNEER bV, &b EERMERMETT IS 2HINB IR TH 5, IR -
THREEDYAT, FRCTEENE D D5 ATICB W THER RN Z > T\ b LB % b7z, Fig.3.24 1%, #HHEELA
RF(2011 425 H 26 H)D ¥7Cs A X R UITxE L, R TREQ2015 4 12 A 31 H)DOEE 15 2 cm DIN
(ZFRAFT 2 Cs A X b OBIGZRT, WENREEE T 37Cs A X2 R U OO 10%FEEDSHH S
DK 2.3%ly), MLOERK E LT, &g 2em K0 FHADRB(T =V o ZR)DBEET b s 0,
LT, FHRH RN T 2em £ 0 FH~DIRE LIZHIEIE 1.4%y Th ol

T B BN 7226 < OFRAIRIZ I TIEL 10-30%D 137Cs 1 X b U D (F 2.3-6.9%/y) & 7~ Lz,
FREOEY . MIBREEIX 23%/y TH Y . HBHIEICB T 2 T H~OBEIX LT 1.1%y TH5H, ¥Cs A

VX b UTRERITEE R K OERAM A U IZ BT R & <8 L72(10-100%, Fig. 3.24), {AJUTEEH © D 52
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SN BEEN T BRI D DO R E S it i 72012 4 2 D HIJII~A D WCs Bz it Lz,

ZDOREFR. PN S BENTZ A DI~ A D 37Cs #13 4.1 GBq T o7 DITxt L, I H{0]

ﬁ

JII~A% B7Cs &1L 53GBq Th o7z, DFE D | I~ BCs OHEAFIT TN IR S A7) LD & DR %
MRENZ ENDNY ZOREITHRRERR D Z L BHER S L7z, WIEES 00 372 2 HoR AR bR
ThHO, WHNTKETHD, 201145 AND 2015 4 12 Al % LEEAS &1d Fig. 325 D X 512,
0.lcm 7275 lemBL EE 72> TS,

YIalb—va T 70%EL B B1Cs 8 HHEERE 2 em DINIZERAF L TV DR &> 7278, 2016
R BRNOFHRHFHEY A MW TERIREN - HEIZB W T, 1ZEAED WCs (X HERE 5 cm LN
BAfr LT D 2 & s STV A (MAFF, 2017), 3K IRHEIZFRAE L TV D ¥7Cs A X R Ui, fF
Sk, I ~OHRE Y — A L LTORFEMZ RSO T D, L L, RERIHA T 21X, ARl FH R x4
ICHAELS 20D Z s HEIS D, ZHUE. TH~DRECMENRE, W)ILEEED 3 Cs A X Y
DN T, WINA~OUAERE S NPT D LZEZ N6 Th D,

TIBEEERRAAT U THBREE Z V7 < | Cs At LT WELH IR D@ Y Tdh %, Fig.3.26
1% 2011 4F5E Roke FFDFRJE HHEOKEIFIROEM O 2 R"T, ZOKIO K5I & AT VIR
B IERICEmVAKEERIE L oo TS, ZDOZENEL OMRTAFRAEIEDIRA L 720 HRFTIC
HEWTENMEREIND Z LI T, WCs Bt L TWD EE X HivT, D6 B 7= BRI Z 31T
LR TEIIREMOEFEHFELTEY, T NZELTNDZ LR R TN,

ARG I T 2N TOK B L ORRIZIS T 2 TR AT, 265 g/mPy 38 LT 10.6
gm?ly Th T, 16> T, KHOTEZEIEE T, )10 57 ki 25 f5FEE 7> > 7=, Wakahara
et al. (2014)TlL, BHES NI AKHE S O HEEREEIL 151 gm?y TH Y | (FKfELHED 5-10 cm &R+
DOHZHLY BrYe) % FhE L7-KHE 513 658 g/m?y & #iis LTV 5, Niizato et al. (2016) T, [LIHIAR AR
(ZHB T DD BB - BRI N T 12 g/m¥y EEL TV D, 6o T, FHREERITBIAE & 5
HThHhDHZENE R,

TR D HEIC T, B2 5 LHURITH 2> BRI~ 1883k OV ¥7Cs ks D FH % 70 75 5- 38 (AR

BIOKmIZEEHT S Z L1IR#ECTH D, LAL, Lacebyetal (2016)TiL, &k Rl otikiz B

57



3 K. TAb. 187Cs Wik MEAT R

T, BEWE OFRAEDIL 17% 0, 38% DSHHEHI(TITAKH), 2D 45%1XV7 Y A VARIEEEE O 4t
R R, MR Y . BRYUC K o THZICER Y L7 B3 & A LT D,

Z OFEEO FHIFIRITIE L A EBFEHRTH D HOD, FKF AHOTANT T 2 DO K E 72 KHBE
£ L TV % (Fig. 3.23 35 & 1" Fig. 3.25), Chartin etalal. (2013), Wakahara etal. (2014), Yoshikawa et al. (2014),
Yoshimura et al. (2016)i%. KENSFJIA~OFHHITIEE TH 5 Z L 2 #®E LT\ 5, Fig. 3.23 3 L O Fig.
325006, X AWMAE QKBNS O BERHAEWZ & 2R L TW5, Lepage et al. (2015)1%, FHifk
BRITHEEM & R o TN R TEDON A Z LI Lo T, HERE/MZOND Z 2T D, L
2L, B ERSFE LI Z LI ko T BOMHES 256, HEEEMEESINLD FTREMENRB 2 b1

LIOABRBEMRL TV BERDH L EBEZ LN,
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Fig. 3.23. Spatial distribution of the net inventory change of soil in the unit of soil mass per area per year (average

of results over May 2011 and December 2015).
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Fig. 3.24. Spatial distribution of the remaining '*’Cs in the top 2 cm of soil on December 31, 2015, relative to the

A > P

-
L 3

initial inventory on May 26, 2011 (simulation start date). The inventory of cells normally covered by surface water
was set at 0 Bq m™ at the start of the simulation (zero initial inventory), hence no applicable value for residual *’Cs

for these cells.
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Fig. 3.25. Spatial distribution of the net change of soil (net deposition or erosion) between May 2011 and December

2015.
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Before event: 0:00 September 20, 2011 During event: 18:00 September 21, 2011
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Fig. 3.26. Distribution of water saturation in the surface soil layer of the model, before, during, and after 2011

Typhoon Roke.
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3.3. BRARIEFEAK T OEEIFRE Cs T IZ 30T 5 D ERE (K D8 F FTREME
3.3.1. IR, BEWT T v 7 X, WCs LIz oW T

FHRETRITIROF AT 3T DRI RIL, SR GHIM TH 2 2014-2015 FRICHBVTHERAIMEE X
< P8l L 7= (Fig. 3.27), Nash-Sutcliffe £%#%(Nash and Sutcliffe, 1970)i% 0.75 TH Y . +7ef{HMtE2 R L7,
2014 FE3ieIEk > & O Wi H FE(FF T HY B (mP) & s i F (m?) TR L7 fB) i, FHRAESRIE 1225 mm (1Z%f L T3
L 1050 mm Tod o7z, 2015 4FICBE L Tid, FHERERIE 1345 mm (2%F L CHANEIE 1148 mm Th -
7o HEMZE U T, FHRE L ERER TS S REIE, BEBLORBRCh o7z, 2FV, v Ial
—va VIEREEBEAKE L TR TLE Y HDIWIERTERZIE/NGHIT 5 Z &8k o T )&% i
NS BB A3 o T,

VR 2 b= g B SRR Oy 7 T v 7 Ak K < EEL U= (Fig. 3.28), FRIEND & IE
LTWAHIICB TSI 2 b—y a ORI R 2.9x10° g (2xf LT, FERMEIE 2.0x10° g Th o7z,
2015 -2 A O B — 7 JiREOE/INGHl A O F £, FlERD T M O/ NEIZ 2 L TV A (Fig. 3.28), B
Phanfone(2014 4F 10 A 6 H). Vongfone(2014 4= 10 H 14 H)3 L ¥ Nangka(2015 4= 7 A 16 H)ZHiF S i
BILOREW 7 7 v 7 2% 5|22 Fig.3.29 TR LTz, X 2 L—3 3 (3HEE Nangka OVFIlEY 7 7 v 7
AEBRDTHRENEZHR Lz, v 2 b— a3 VIHKB ORI 7 T v 7 A & @ KG9 5 8
DTy, [FEEOTEHEEDS Kitamura et al. (2016) THE STV %, Kitamura et al. (2016)IC K% &+
@ TC (Transport capacity) &7 /MZMEN B 5 L5 L T D, ZOIENOER E UL, B RO B
WA IIHOBE X BMFAET D, 2 b— a3 YT X 22 RILL TV, (- T, 2O v I =

L—a UNBEREHET S FREME A B ATV D LB A B,
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Fig. 3.27. Simulated and measured hourly mean water discharge rates at the catchment outlet over the full two year

study period, along with hourly precipitation rates.

500 —  Simulation ©  Observation — Prec1p1ta[1|(|)n - 0 =
i =10 E
i 30 2
300 1°Y 8
> i 140 &
) 150 8
= 200} &
7s]
@ A
= 100}
b d
=
= 152
=
3 =
3
- 10
=
L
= A
=
7
5 -
_ i J .
3
0 ' | ' T ' T ' | ' 1 T 1 |
Jan Apr Jul Oct Feb May Aug Dec
2014 2015

Fig. 3.28. Simulated and measured hourly mean suspended sediment fluxes at the catchment outlet between 29 May

2014 and 10 Sep 2015.
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Fig. 3.29. Simulated and measured river water discharge rates (upper panels) and suspended sediment fluxes (lower

panels) at the catchment outlet over the periods of Typhoons Phanfone (5-10 October 2014), Vongfong (13-18

October 2014), and Nangka (15-20 June 2015). Upper panels also show precipitation rates over the storms.

3.3.2. BERER X UVRIBRE 17Cs BB

WoKBRICEBIT D F, B, KOBICIHWNT, oADK, D35 A—% & v MCasel, F L #, Fig.

330)iCBIFL VI = b—i 3 T

it

S8 OO A A B S AU 72 S5 (0.14-0.53 Bg/L, “F¥4i: 0.32 Bg/L)

Z /Nl U 72 (R~ — 75—, Fig. 3.30), —J7, Case 1 DI 2 2 L —3 g URERIL, L2 CIEEERNE

EBENTH -T2, Fa—=2 T uiTo72 KgD/RT A —% ¥ v M(Case2, Hap. Fig.3.30)DFE S FCF

#1036 Bg/L)iE, B & ORI T b BUIE & AR L /o7, LL, Case2 DI 2 lb—x

VREARIE, A ORI KFHIE I BRI 8 > 72, Fig.3.3112, FKKHZF1T 2 BLIME & GO 5540 X

Z "9 (n=33), Case 1 {IZOWTIL, 76% D71y 37 7 7 2 —2 ODIEOHIPH Th -7, —J7, Case2 T

65



3 K. TAb. 137Cs WasMEHTHE H

DNTIL94% Th o7, BT VU FHBMRENZ T 0N Case 1125 Case 2 D723 5> > 72 (Table 3.4),

WTNDO VI 2 b—ra VRER S EIMEOFFHAB(EFICE < . AFRITE D) (R~ — D —, Fig.3.30)8 &
OHAKREDORE EH (S~ —F —. Fig. 33002 BT 5 Z &L AHkARD -7, HJE Phanfone, Vongfong,
Nangka B OFEFIZOWT, Fig.3.30 LV, 23 = L—3 g VBRI K P ORER YCs gD v —2
(0.18-0.88 Bq/L. “F¥Jff: 0.55 Bq/L)& F8LT 5 Z L Ak hodz, T OFERITERE Y7Cs IR & 13t
FRAYC, RRBTE 17Cs BT L TV R 2 L— g URERIE, BHME & AR & 72> T D (Fig.

3.30),

o
Silndis (case 1) - Simdis (case 2) - Simpar (casel) - Simpar (case 2) =
L Obsdis (base flow) L Obsdis (storm flow) © Obspar (storm flow) P TeClpltatlon E
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Fig. 3.30. Results for dissolved and particulate '3’Cs concentrations in the catchment outflow.
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Fig. 3.31. Scatter plot of dissolved '*’Cs concentrations at the catchment outlet under base flow conditions (n=33),

comparing measurements and simulations. Solid line indicates equality, while dashed lines indicate bands within a

factor of 2.

Table 3.4. Correlation between simulated and measured dissolved '37Cs concentrations in river water at the catchment

outflow under base flow conditions (n=33).

Simulation

case

Percentage of results within a factor of 2 Pearson

from measurements (%)

correlation

coefficient, »

Case 1

Case 2

76

94

0.13

0.21
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Simdis (case 1) - Silndis (case 2) - S ilnpar (casel) - Simpal (case 2)
® ObsdlS (base flow) ° Obsdis (storm flow) o Obspar (storm flow) — Prec1p1tat10n
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Fig. 3.32. Comparison of simulated and measured dissolved '3’Cs concentrations under storm flow conditions in the

catchment outflow.

3.3.3. WBmEHITRIT B ¥Cs ODFSA

Table 3.5 (/"3 X 912, 2014 45 H 29 A5 2015 45 5 A 29 BIZBW T, il b7 D IA7RE
PICs B = b—3 3 URERIE. Tsujietal. (2016) CHIE S N7 FERE L X< —H L7z, Case2 DI =
L—3 g UAER(7.9x10° Be)id, BLAIME(8.7x10° Bq)Df % Case 1 DFEH:(4.0x10° Bq) L W & L < HH L
Tz, Zhid Case 2 DB K DF 2a—=0 T FE ML TNLNHTHD, —J7, BEHE ¥Cs ITOW
CIFFEHMELZ HE T 2-3.5 R KRTEAH L C U 7= (Table 3.4), Z ATy 7 7~ 7 A (Fig. 3.29)1 L Y

IRIETE 17Cs 7 7 v 77 A (Fig. 3.32)75 /K% OEZKE R T ARRHE L TW\WD Z L ICHRT D B R b,

68



3 K. TAb. 137Cs WasMEHTHE H

Yoshimura et al. (2015a)i%, 2011 47 A 17 H2>5 2012 45 11 A 18 B IZH 1 THAKN T USLE (Universal
Soil Loss Equation)ift i 7'~ b & FHWTC, Za v ML 2 k-2 Lz ¥Cs ZHIE L., i
HIZEAY 0.07% & #E LT\ %, Niizato et al. (2016)1%, [FIERO 7 1 v M &Z{ERL L, 2013 4E05 2014 420
143-234 HREIZEBWT 0.04-0.12%D 2 s LT\ 5, 201445 H 29 B 5 201545 A 29 BIZH
T CRRITE 137Cs DR BT, 0.12%(Case 1) L 10 0.18%(Case 2) TH 7,

Fig.3.33 (X 2014 -1 H 1 H225 20154F 12 A 31 HO 2 FRICE T 5 ¥Cs A X2 b U OIEBROZEAL
B2, BT A 13T IR TR IC B W TERTT 2MAICH U | SOHZBRMIEN SR L TV,

INHORERIZ, 31 BLN32 DR LB TH T,

Table 3.5. Total '*’Cs discharge from catchment between 29 May 2014 and 29 May 2015.

Dissolved (Bq) Particulate (Bq)
Case
Simulation Observation*  Simulation Observation®
Case 1 4.0 x 10° 4.8 x 1010
8.7 x 10° 2.1 %100
Case 2 7.9 x 10° 7.3 x 1010

2 Tsuji et al. (2016).

Net change in *"Cs
inventory (kBg/m?)
Il < -250
Bl -250 - -200
I -200 - -150
[0 -150 - -100
-100 - -50
-50-0
Out of simulation area
0 - 250
250 - 500
[ 500 - 750
B 750 - 1000
| ] | | ] Il 1000 <

Fig. 3.33. Case 2 simulation results for net change in *’Cs inventory between 1 January 2014 and 31 December 2015.
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334. Ki Z N FR YCSIREET ) 7

Ky DA O 5% 2 T /R (FIBUK) & 12k oL (s KON TH T TEE L T o, KT
DIRTFHE B7Cs PRI, LB IR IH (@2, Table 2.14)72 6, [EFH & AR IR 23 5 0 37
STW5h, DFV ., TF/LOM FOR/LIT . O PCs A R MVIE U T EDRE L 2D,
o T, ATHE WICs BIEICHE L 5 2 DHRIL, Koo RIPEDH, A X0 b UIC Ko TIEBHE 5 118
KA BCs IRETH D, HEOB/MIALTHREMKIC, ¥ Ia2b—3arh, BB YCs LInfFiE
B7Cs [XBRREEAE 3B 0 3L > TV D, 16 T, BEAFHE 1YCs JREEZ IR 5 EE R BIRIT, Ky H & b O
RIBE3AT . TFIERDIREE . E/UIC A5 TL (B LU TV O)EFRERS L OYREHE YCs IREETH D, %F
2 OOFRNZHOWTITHIFR /L L TN/ CE RS, #E P2V T HERIZBEIZRED B7Cs 28
FAET 5720, BA~DANB IO AT FicBWTidEERN banwtExohnb, —J, koL
ICBWTIE, FERICRE R BE LoD L, BAFHE WCs JREE LIRIEM IR | REHE Y7Cs JRED K, il
Ko TNRNT AT L0 THD,

YIalb— gy Case LIZBWTIEL, KiiX 03 mm 2L EABRE | HB—IZ5%E L7-(Table 2.14), — 77,
Case 2 [TV VR FTH 5 0.001, 0.0l mm & KX DDk 7 0.1, 0.3 mm THEAe D KM% 5 %72, Fig.3.34
a LU TR OFELFRE 37Cs IR 1L, W5 DL OHF ORI K H O S 72 R TFRE 137Cs JEEIZUTU
EE 725 T D, 6o T, KRR DRRBRE B7Cs ITIEMFRE WCs BRIEICH TV BEL G 22 &
EEWT D, HFRAKPOBERIFRE YCs BRI, MUK OBEMFRE YCs BENEmNZDIZ, v Ialb—v
3 Case 1 [ZH Case2 DGV, ZHULE VR D & Case 1 I[ZHA, REHDORLF 0.1 BELT03

m (W HET D B1Cs D72 725 T D Z & & E T 5 (Table. 2.14),

Vialb—va KRB ERED T T v 7 A RRERE YCs REA BB LIZICHBED LT, Casel, 2 &
H o b REFOBEFE YCs RED EREAFET L Z L RHERNoT, S50, FHEELHHT L2
L7 o7z, GETFLOWS O X 9 2R KU KIEERET L2 Wy I 2 L—3 3 TRV TR, KX
PR, R XK, ARSI, IR A, HUNOKALIE. IR ORRERE 137Cs JREEICHA, BAF

B Cs JREICHBZ RIZ SN2 ERbhoTe, EFEOEKEDS SIX, FRICHERIZ L T, FZET

L7z tlik a5l S 279, 202 LITRE £ U)K OFFERE B7Cs IR EZ 2L S 85500 b
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LIRS, HKEEH ORAFREIREE O EH 2 BT 5134+ 0 TH 5 2 Ebinotz, o, I E
2D Z LT K DIRTFRE YCs I DO AR %) B (Muraoka and Hirata, 1988)d 5 W M FH R Hf OIS )
<7D 2 LICL o T, FlED D D Cs A BN 2 T AlReER B D, Lo L, Tsujietal. (2016)I12 &
% & FRIERDIRIE R K OVRIFRE W7Cs JREEITTF/KIER L ORI & B HICB O CHDHBERICH D Z L &
WELTWD,

{RAE U 7= B -{fif(Table. 2.14)T TV OIRA H & 0 #5%, Yoshimura et al. (2015b)i%, 45 CEREL L 7=
JUZK P ORFERESRS K OV AR 1W7Cs JREEITFAPIRIBIZEE L TR W SRR LT D, A7 A A 2 20 e (Touji
etal., 2016)~CTE D 1 DFLMIHERL (Cha etal., 2006)lZ OV T ABFZED Ky BF /LTI E H 2 TR TV,
BT, Ke BIR BRI A RO L0 W JIKROW R, R CRAe 2 LB 2 Db, oEfREuT.
ELICHEWIC X > TEET D Z L E DI T 5 (Valcke and Cremers, 1994), LI ED K 5 Z2BI& N7 4
—/L RIZBWTIEE X BN 528, GETFLOWS FHEICH W T K fEZZLEED 2 L2 X > TTIE, 1K
REDOPRE LF & FAKREOFHEBZHE T 2B LB LN,

VI ab—va VIR O A EME EEE L TRy, KRR W T, iRE oM ko T
B X —E@EB U REOWHDBEZ D, YCs L2 2OV oz Y ¥ —@oiEi L, A~
AT 5 EE X B (Tsyjietal., 2016), EZFICE < AFIEN E W o T FEHET 2750 L 5 5 BERIX,
MAEDDRZET DD, BAEMERTIREIKFEL, VX —BORELFHICEL > TR D, BIFE 'YCs
REZHETH7-0ICF, VX —BEBEICANILERH L EAFEIOVIalb—ra YinbRBEn

7=

3.3.5. TB1FRE YCs DFBAR
ARIDOFEIZIBNT, B & AR ITBR R 2 0E L TV D72, UK ORAFRE 17Cs JEITITIT

I—EDMEE 2%, Fig. 3.34 a O X 912, FHE T SRMEEM CRIFRKH OEITFRE YCs B O EHH T/ S

-

Hw
WV, ZODTNIRENL, B DRI E A X R OEFEWIC K D, mVMEF OSETIL, #IEIE
EHEEOBWIGFTOMA 23S % (Fig. 2.4), AFFED Y I = L—1 3 Tk, MIFRKIZEANE Z 2571128

W THIER K DEAFRE 137Cs IR LR U T, FOKRFIT I8 1T 21K s O A7 RE 137Cs R FE O 22 #4341 % Fig.

71



3 K. TAb. 187Cs Wik MEAT R

334b 2T, 7272 L. RHEE O TG (K9 40m) XL EOIRIR OWRIEFEI 1-Sm)IZ bRk E W2 Lol
BTO2MENRH L, HAKRFHCBW T, #IFKITHR~ IR % 8 > 7= (Fig. 3.34 c-d), H/KEFOYIHIX
KO \ZATIEAT S 2R A2 DU (Fig. 3.34 ¢), £ D1, THRICIE IR AN Zvhn D 72 (Fig. 3.34 d), 1E-> T,
HUKRFIZ I 1T D AERE 137Cs D FEFZR R AL, RER I LT ONEIR & & 2 b7,
Tegen and Dorr (1996), Nakanishi et al. (2014)33 J. OY Koarashi et al. (2016)i%, #RAK Y & —n 5 137Cs 23 HJEE
ICERI 5 2 & B EEETIC BT B BCs D FH~OBITIZAZF LD b FRROFRNENZ 2 F R LT,
Murakami et al. (2014)35 X Of Sakai et al. (2016)i%, ARV Z —ITE_T, WK Y ¥ —D ¥Cs JREE 1T —MXAY
RN EZR LTz, 16> T, AN SO 37Cs OEBLE, WK O ¥7Cs JREZRET 5 EE/RE
KL LTEZBNDbDD, BUR, WG LI Daxy T 4 ©F 4 OBEPA 5T D,
HHZKIRFDFEFIT R Z 72 P, AT I L ONEIR D 6 0 137Cs ALK L, KR OFEFFRE 137Cs I
EEFHRT 5D, 202 &N, HAKRFICEEN LR LRVWEBRE L TEX 55 Fig. 3.32)7°, BLAKE R
TlE. HKEEOWJIK R OFRERE 137Cs #2EE 1T EH LTV 5 O T(Shinomiya et al., 2014; Yoshikawa et al.,
2014; Tsuji et al., 2016), Z OTeffEZ FHH, FMET 572012, GETFLOWS IZV ¥ —f@2 & @B L7~ I 2L

—VarNEBREEND,
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(a) 5:00 16 July 2015 (b) 5:00 16 July 2015

(d)

Fig. 3.34. Spatial distribution of dissolved '*’Cs concentration (a) in the pore water in surface soil and (b) — (d) in the
surface water before and during 16 July 2015 (Typhoon Nangka) for simulation case 1 (case 2 simulation shows

similar trends).
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4 T J1 v R RS o — R % O T AR PN D 22 [ SR AT

4.1. ZRET NV

BMEANOHEFROZEE 2 LV HEWITS T 2 L— 3 51213, BHRRNOBIAZET LT 5%
WP D, T T, BAEZET /MLTHICHZ0, Fig.dl O LI, fhE., ETE, WeEERdh B
1.3 m COELE), KRV LW ol 4 DOREEEZIRET HZ LIZE-oT, BIRZIERTE S LI LT,
Bz oW TIE, Fig.41 O X HICHAERIE U2, 72, Fig.4.2 O X 912, BANITLHM &8, BRI
Koy L. TOK 2R L, BADQROINIRINTZ HIECHE S T, FHEEE(%)E L OBEE E (g/em’) 2 5-
Z 7-(Table4.1), MIEDOFIEIZSOWTIL, Fig.4.3 O X 512, #EEHICx L QX = A oalEsA [ 8f) 0
REAE L, EODERITARIRY O ok E & @ SIEWE) — (B T E L, HIEC 0T, 12
AHQ014) XY, MEERIG - FEEGRER)OHENEZANTEE L, EXIILT 22K
Do

HEE E (kg) =Ax (& ER (cm))B (4-1)
ZIT, BEDOLA  A=436x10%,B=2.61, HDOYE  A=436x 104, B=3.17 £ T 5,
S5, BIARREOEKEE A WCRET 2 AMEHE RO RERE L FITRT,
AMER (@)= HBEER (g x {(1H(EKE (1)} (4-2)
BKE ()=(EMER (9~ WREER (g)/EERE (g) 4-3)

iR L O IED TR IE C, H, 0 DA ERGE Lz, BARDEENZ L OBHTEIC OV TIE, fREeH
RO EERBHMEE T % PCs B LV PCs DIRE Bom®) 2 G- 272, LRLOBARET VA Rk
T ONAREEIZE S E | T AMIEOREREIL, $HEB ORFEL TV LT, SHERET VDL %EE
L. & 512 10 m iR OFUERE & €7 /W(DEM) & W CHERR L7 HIE B2, T 2 % AT AR 2 £

Z ko T, BHRET VEERK LT (Fig. 4.4),
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Table 4.1. M55, 4, O ORFHILIS L ORI E

Bt ERAL K B
(%) (g/em’)
105 5.8 0.234
L) 62.0 0.231
N 322 0.266

BRSO RZ Y 2 2 L—v a T 50IE, BIADRR LT ) ¥ —@eHEE L7 T
DLEND D, RRARNOBEME Cs DR AL, FEARMIC G 13T S PN @\ MEA A 5 (Imamura
etal,2017), ZAuiE, HEEFORE LI EEHE Cs Z R RANCE AT RHER H 505 TH % (Akaietal.,
2013; Kozai et al., 2012; Tanaka et al., 2013), F£72, U ¥ —BIZBNTH G Cs DHER I TND Z &)
O (Imamura et al., 2017), HIFUTEZ LM< RE LN LD, BIEN LD, £ T, Fig.45 D X
T, HEBIOY F—oWiE, BEZHRE L, V2 —EE4 lem, HEEEZRE»HIHIC 05,0.5,
0.5,0.5,1.0,2.0,2.0,3.0cm & L7z, U ¥ —J@0OcEITAEHEERITHE C, H N, O %) (KK, 2001) & L, +
) O TR ITHERRERTH Si, AL Fe, H, O) & B 8 L72(RIR. 2001), F£7= U Z—J& X0 B 225U (1

Rt H, C,N, O, A& % E L7z,

20 T T T T T T 7
10 F 4 ER
|| HCN, 0,An
£ o — YA—FR
N (C,H, N, Oetc)
-10 — TR
(Si, Al, Fe, H, O)
_20 -
-20 -10 0 10 20
x [em]

Fig.4.5. V 7 —f@k L O LEEET L

42. FEY A FBICEF ML
SRR IX O E G e Lz, 2004 MIRERE —J /38BN SrEE 15 km O L
ZANET D, A FNICAEET D AXI AL 5 AT L(Fig. 4.6), 20154 10 A 27-29 HIZ{kEE L,
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BiE, AT E. MEEEONIE (Table 4.2)3 KO, BIEZ, 08, DM EZERIL LTz, BUfF &4 TS E
MHEH L, BKR, PCs BLONYCs JBE ZHIE L7=(Table 4.3), S 52, YA FOMHIFEE AXSLAD
AEDNS | SIARFEE & FH U7z (Table 4.2), 3RV (ZEME A TS L TH 57, Tabled.2 D K 9 ITIE
L7z, 2015410 A 30 BICEREUEFEZS 15x30cm DAY L—s3—T L — hEERA LT, #HEY A PO
3 D T(Fig. 4628V T, LIBEIOFE, 1H%4 0-10cm £TIE 1 em JETHRELL, 10-18 cm (X2 cm JET
L7, Al LOHRER (9. BAKFE (). HCsBLU PCsiIRE (Bakg)ZMEL., 7
IASDOATMEIE, ELODOYHEE Lic, BT VOZYMEFHMEE LT, FHRXI SN T 20154210 A 1

AICEfFEn7z7 Y v F¥—A (Fig. 4.6)7 — X% ] L 7=,

Table 4.2. BIARDKH M ES L O AR E
e ERCER BOR MEERSR SLAEE
(m) (m) (m) (cm)  (A/ha)
215 14.6 2.1 21.6 731

Table 4.3. fAIZI5 1T 2 HHE Cs R

BT Py 134Cs (Bg/em?) 137Cs (Bg/em?) GIKFR ()
R 2015 AEZEH] 2011 AEFER 2015 FEE 2011 FEH
(g/cm?) N—Z 2 Nz b Nz a N2 b

ke 0.0048 0.055 0.51 0.16 0.59 0.85

1t 52 0.234 1.02 3.25 3.05 3.77 0.6

W 0.231 0.0156 0.044 0.047 0.051 0.6

Wy~ 0.266 0.019 0.02 0.056 0.023 12

a: 2015 4% 10 A BLHIEUS7 — &
b: 2015 4 10 H BIHIESGT — & 36 L O Cs IREE D 7% 2011 47 8-9 A BfG7 — &
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WW Wy )%W
3> DDA

)

HEERRT — 2 X E PRI X A L — Y — BRI, B KERIZIE Surfer 11.6 (Golden

Software, Inc., USA)% V> CHi]

BONBIT — 25 RN 3 RITIEFHRE T LV (Fig. 4.7-8 O LEHZERR LTZ, I =2l —v 3
=LA T O 3 D& ME Uiz, 77— AOITHBSHE Cs AR, V& —JE@, HHREICHFET D7 —A, 7
— Z@IIBARITHFIE L TWT T Cs 23U # — 7 4+ — VBRI WRTY ¥ —F~BAIT LI — A, 77—
Z@IXY Z —JBITHAE LIZBSE Cs MAfERCRENFIC L > TR TREB HERICBIT LI — A Th D,
i3 2D —A(Table44)ZME LT, FtREZEML7-, S 512, 20154 10 H OBLIHME CIE, B Cs
DIF & A EMBEITEHE D DR ~BIT L TS 728, Imamura et al. (2017)0 2011 4= 8-9 H lifs7 — & %
BEIC, BRI EOKEM: Cs NEFT 5 /34— (Table 4.3) 24 E L, EREFMkIC, Thony 4
—JE 3 L OGN HHEE A~ L BT L7/ — A(Table 4.5) % 5% & L7, Kt Cs 77— O, Imamura et al.

QOI7ZEEH L, TNLIMIBOBINIT — % 2D F FRH L=,
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Table44. V7 —B IO TEE AT A —~

=] B B 2 134Cs (Bg/ecm?) 137Cs (Bg/em?) GRE ()

(cm) ®EH & F—RA F—RA Fr— A 5 — R F— R F— R
(g/em®) O @ ©) @® @ ®

U4Z— 1.0 0.17 1.35 1.86 0 7.85 10 0 0.29

135 0.5 0.11 1.71 1.71 5.42 7.53 7.53 27.5 0.52
0.5 0.11 1.71 7.53 0.52
0.5 0.1 0.89 3.88 0.47
0.5 0.1 0.89 3.88 0.47
1.0 0.11 0.42 1.87 0.44
2.0 0.11 0.18 0.78 0.41
2.0 0.16 0.11 0.43 0.41
3.0 0.18 0.06 0.25 0.39

2015 4 10 H BLHEUST — X 12 HD = 1ER%

Table4.5. U ¥ —BIUOHERE T XA —#

JE Jg & 4§ 13*Cs (Bg/cm’) 137Cs (Bg/em?) EIKE (-)

(cm) #H & F¥—RA Fr—R r— R r— A r—RA 4 — 2R
(g/em’) @ @ ©) @® @ @

yxZ— 10 017 10.3 50.7 0 119 58.8 0 0.29

+H 05 011 1.13 1.13 103 131 1.31 119 0.52
05 0.1 1.13 1.31 0.52
05 0. 1.06 1.23 0.47
05 0. 1.06 1.23 0.47
1.0 011 1.16 1.34 0.44
20 0.1 1.09 1.26 0.41
20  0.16 0.05 0.06 0.41
30 0.8 0.06 0.07 0.39

2015 A 10 H BIHIEUST — & 36 X OEHE Cs IR D7 2011 4F 8-9 A g7 — # (233 & {ERk

43. BT AN EFHRRERE S I 2 L— g (PHITS)

H AR 1~ AR 22 B S HERE AN T BR TS L7 B > 7 B /b 1 il #R ik = — RIC PHITS (The Particle and
Heavy Ion Transport code System - version 2.64)(Sato et al., 2018)/3% %, PHITS [T R -/ H 4 o~ E
THEIAW B RRIRE DM T D VI ab—ya ra— R Th b, AFFETIE. 2O PHITS ~DAJ)
TR L LTRER A AN WEOMET — 4% BHHROREE S BOT— X2 2T 5 Z L 3alke
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Y= NERFE L, TDY = EHWT, A7 7 A NVE{ER L, PHITS Z W T, /RMNA DT o~
MOBHRREBZ VI 2 L—a v Lie, Ho~ROBAER(E A N Y —50)i% 40 HlE, Sy FHT 1
[FATUVN, FEFHLEEAIT) Z LIk » TR+ 7 v AD MO AR L OMERRREAZH B L=, Hh&h
7ok 7 L 2 AT OWTIE, ICRP 1997, Publ.74 D HFARE (pSy ecm?) % AT, ZEEIHR E2R (H*(10)

(uSV/)ITHURL U | 22 B R O 22 [ 504 A 15 7.

4.4. BB E B U T ZRpkN D 22 R B R AR

Fig. 4.7 {22\ T, 2015 4 10 AR TIE & A ERGREITHERTE Cs 23> TRz iR, U #—
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B, 2018) 128V THE, BHRNIZEB W T Z 2 F TRE K ZEHEREOZ(LITRD LT, 5T, B
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WD DN, EREIITREE AR D ZE W34 DMFEET D (Kato etal., 2017), ARKIZIS T D b Cs £ = R U D
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