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Abstract

The variation of the radioactivities of *'Cs and ""Cs has been measured in flowing-well
and sump water collected at Ottozawa district, Okuma town near Fukushima Dai-ichi
Nuclear Power Station from April 2015 to September 2016. Although the severe
contamination was not detected in water of flowing-well, *'Cs and ""Cs were continuously
observed in the range of 3.3-6.1 Bq/kg in sump water during study period. By taking into
the consideration of their ®'Cs/"Cs activity ratios, the sources of contamination were
estimated to be mainly due to the Units 2 and 3, not Unit 1. As of September 2016, flow rate
of sump water had been decreased from 300 mL/min to 4.2 mL/min, however, no change in
the radioactivity was confirmed. Surface facing and pump-up from the sub-drain were
suggested to be effective for reducing the amount of leakage to the outside of the power
station. However, it is suggested that the groundwater, which had contacted with the
pollution source inside the power station, has been continued to flow out.
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2015 4E 4 H225 2016 4F 9 HIZ2 0 THREEI (BR) WEE BT EI T o KRN I
PHIX BT B HABH T B X OWEAKIZEETNS “Cs BL O ¥Cs (ML 7 o) ZHkfL
THBI L 72558, BT AKIZHRAKT0.11Ba/kg (FCs), %< 28 ¥Cs MM TIRAE (%9 0.05
Ba/kg) LFTHY, HEIPRGELRKDOBAIMER SN e o7 LaL, SEEITENOEK
513 3.3-6.1Bq/kg DREHEE v 4 (MCs+¥Cs) ASHKGE L TR S 7z, ko ®Cs/
Cs BRIt A S HIM§ 5 &, HKOHEYIEIE 2 58 F 721X 3 5k IcHsk L, 1 SHdkon
REPEIZAR, F72, 2016 4F 9 H F TOIRK - TR RICB W, #AkOH: 1 300 mL/min
75 42mL/min (A A MEIADTER SN 205, BEE o 2 OEREELIHER SN L Do
7o WEFEMIRI ST S MBS D ) B, FEATHEIA N O ME ORI S 7 = —
YT, AT RLYPSDOM TR A ETFVPENTHAHIRBENDD, ZhoHOxfk%E
1o THHRIR L Hfih U7z F ARSI EFMIMCI M LB TW b 2 RS2k 5 72,

F—T— FBEHTEE Y Y A (FCs, FICs), HMEIFA, K, 1R E IS g

1. U ®IC

2011 4- 3 H 11 HA S 384 L7 B (k) wmES— R BN FRICE T, HETTTH
TBq (770PBq) OB E KA FICREL, INES HEMETIZL NV 7 0FHig L HE SN DR
FHEORKEL o7z BEIREE (B U728 RO ORKE, BN Tl ZRHREED
KIEZRERX L 722) TR L2205, ZhtE- TEERBELRE (®wHELA. 201144 A
VR I FE BRI R TH 100 uSv/h TH o 722 fiF =% (Shozugawa et al, 2012) 1, 2016 4E
10 12134 1uSv/h 12 F TR L 72, W ICESE B o Bk X V2T~ A 7 OB 25 KR 125
flghiz. Lal, €0—7T, 2016 4 10 HBUEO MBS, 1 5HERERZT 045 mSv/h,
2 SRR T 013 mSv/h, 3 5 AN TO035mSv/h TH A (HHLES, 2016). HEHNICIZHEICH
WL YA AAIE L, VESEWRELIER - AME BICRON S, RKOETH 2E %D 72K
BT om) I LICIE, ZOTFEERHALTVAEBICEI V. 20k H 12, BREIHBNTIX
—EICIIREOUGEEINS A S NE DD, KL LTHLZO L ODOPNHF TI2iZ% { oW D
BEINTwb.

BEILFEE OB O O & DIZHEYK DT 5N 5. 2016 4F 10 A BAE, FEEFTEMA S O
KA1 HBH72 0% 300t BERBWNICTALAL Z & TH72RERKRPEE L TWDE. HGKE BE D
LUFFENF EE W12, HbHWIE, IS ¥ 7 2SR RRIT Y 22 2 FiF 572012,
WPk 5 >~ 7 BB 7 = — > v 7 (FEES), 2015) (FFZert i E 81 2014 4F 10 AT,
T RL SO TARDBA LT (HELES, 2014) (201549 H 3 HAKET BIAE), 058
AKEE RIS, 2015) (20154F 10 H 26 HoER), BEMNEKEE (RR{ED) 2016) (BREELOH 1
BE, 2016 42 3 H 31 HEBMR) 72 SHHOM RS R I TW5.

T FEITRIN B X OBEE N T, BRI 2 RSB Twb  (EEET 2016)
LoD, FEIEIMCBVL T, BRI (FIREREEXE) ICEESRTWwLZ s,
SE I 72 FRATASHEE L.

Be 2B 2 EHEME OG54 - RE - HEEICOWTII I E TORITIHZE (Gale, et al,
1964), E=% ) YRR, BXOHMH—NAI2X ) H SN2 ZRBEROMER L 5 —EDOM
mEHEET H 2 EASTE S (Kinase, et al, 2014). L L, ZO—FHT, KE~NOBITOEHRIZER
ENTWD. OARD Cs O LHE—TEEHE M O EARE Ka 1 200 225 8000 (n=17, 5 2500) (I
1, 1976) TH Y, KE~OBITIIHMO TRV RSN TWE. D70, Bk (JFAKE)
WCEEINA B Y 2 ORI HEIC IR L TR TAMEE 2D, ERICIE— &N 1 D
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ZOHFHMOT V< BNC M %2 23 5 7% Sl LORBEND 5. 2512, FEIBERANE ORE
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Fig. 2 Collecting water from flowing-well in
Ottozawa district, Okuma town, Fukushima.
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2.2 '"™Cs, "'Cs DEEFE

RO KEEHIAED: (K== 28R RINEGRIC L 2 7 Y AR ba X M) — 1 3
B, 1992) 12X ) A Y HINEZ T o7z, BE2L O 2 ) HERICH AR, SHE Ge
Rk ZF (Canberra 418 GC2518) & M7=/ v < #MMEIZ L - T, ¥Cs, ¥Cs x @ L7z, "Cs
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B OB R EIL L7z, BIFICE, 9BMERE 7~ ~ R (MX033MR, HAT A4V b —
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AR L7, 0 R SR o B BE LS U T 84,000 #2722 5 220,000 £ & L, Covell # (Covell
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E2%, TR SISHIIE L7z

3. HEREEE

3.1 HEEOREE(LEFERAMNEEDBEEN

Fig. 3N O BT B X KD 1555720 Ot E & 4 FEO %Gk 58 (B
To2—=Y 7 TRy HPLOKRME - HEMEARRE - SRE) ot TR 3 X OAKE 8 B AR I
WMERLZ BEFFoEHEIEFENM 280 TR 36L/min THY), WHIZ—ETHoTz. FD
—Ji T, #HAKOHHEIZ 20154 8 A £ Tid 300 mL/min % #EF L Tw7228, 2015 48 10 A121% 120
mL/min (I L7z, 25122016 F 3 HiZiE 1.1mL/min iI2 F TWA L 72 Zotk, HHEEI
2016 4 5 H121& 187 mL/min (2N L7z & oo, 9 H12id 42mL/min (24 L 7=,
WAROHMEIZEREREOT 7 FL 205 ORALTFEEZE2 LA Lz, KIEITORK - 54712
TE, 2014 4F 10 AISERAK L7223 AKHIC1E °H 8 20 Bq/kg MEFR S LT B —JC, HEEFHAKIZ
EEND HIZMBBEA (8 1Ba/keg) UWTFTHotz. HATOHIZHTAELTOLNVZHS
MR TWDE (HEIZ2, 1996) T &2 5, HEAKICIREFIHEBEIHNOHEGAKIMNEAL TV 5
WAROHH RO KGR BANEY > 7 VY ZAicii LSBT 7 == Y ZBLX YT FLUh b
DPA LT DI T H 5 W RETEDTE .

3.2 W€V LORBREEE

Fig. 4 \CHBHTE X OFEAKIZBIT S ¥Cs B X ¥Cs DRAEZALZ R L7 20134E 12 B &
2014 4E 9 H OWEIZKAETIC X 2ETH A, HEHTTIE, MCs 1T TRTOMECTHI TR
il (#0.05Bq/kg) LT, 7222, “Cs I3 ATH 011£002Bq/kg TH 0 % < HH T ERAE (%7 0.05
Ba/kg) WFTH o7z, WM OHEGREOR L - I X 5RELLIZMRATE 2w, LaL,
BT, TRTORET WCs, “Cs 2SN, WHOEFTH LML v 4L LT33-61
Ba/kg 75k LCRIE S, BFEHIINICB VT, B SR L3R St ho 7.
EBROWMATIE, WSRIEE (72720, BTN, BUEENT, KRENT, ERINTIERAH) 2B 58
R & ittt > 2B BRAR (1Ba/kg) 282 THI Sz 2 Lidkw GREBE, 2016).
LaL, KEERTICHB U 2O KOFATIE, BEIEHLOH T M TR (% 1Ba/kg) LA
TH5 50Ba/kg Z Bl L CKAEENT, 2014), #HEARLIZIZH LNV EWZ L. EARKOMHEE, B

'R ES NS IRARMIE L AH2 DR K TR TH Y, 2016 4 3  OFHROAIRAKRIZH 300mL Th - 7z
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Fig. 3 Discharge rate of sump water (O, mL/min) and flowing-well water (@, L/min).
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Fig. 4 Variation of "™Cs+""Cs radioactivity (Ba/kg) in sump water (O) and flowing-well
water (D). and beginning date of several projects inside the nuclear station.

183



NGBS, S & W A R R

d I I
10° L o - . inside the power station
E o CEL O sump water(outside)

10° C ’ m flowing-well water(outside)
{a E
Ec)-, 104 3 ok
E E b [
2 1fE BN
£ -
723
O 10°E
%S C
> 10 :
:g oc O G, O o o O:
S 1 -
3 10
®
@ ! n n

10 ", =

107

l | |- | | |
2015/04  2015/07  2015/10  2016/01  2016/04  2016/07  2016/10

Date (yyyy/mm)

Fig. 5 "™Cs radioactivity in water collected inside the Fukushima nuclear power station
(=), and flowing-well (M. outside of the power station) and sump (O, outside of the
power station).

M7= 7 LB EOH 7 L v iR& EFRERE2 S 300mL A5 42mL & 14% F Tk
U7, Bt o AR OZEEIEIZ/NE < 13IZ—% (42+083Ba/kg) Tho7:. L72do
T, FEEIREIHNIRM L T 2 £ 2 2 o I R s RIEICRIR L 722 00, 153k
VR L 72 T K 2SRRE L CREATEAMCIR I LE ) T 2 R S v/,

B OB 2 23— FEA B TR ER (138) ICRE CPFEAMES (GRS, 1976) 12
L0 ST, FAEMICHPAPSBIIESNE L nw) 281X, 1) HERENPEBRETH S, 2) HY
JUIAGRECH 575, T KROTTHEHNSIEIFEIHIGEL TVWD, L) 2200 REVEZ HND.
Fig. 51& 2015 4 4 HA5 2016 4 1 H OISR B H— )BT TR Sz TRk (T
KERIAL - FL YA ETAZE) 12&EN5H “Cs (Ba/kg) DMEM (n=422) (H5{FE) 2016)
&, BAB XA T OMEME R L7z, BNTIRAK SN KRB E TN 2 Bt Y 7 20
Weataei, WAL (K - HREHEE) TEI S NEO 10-10° G050 Th - 72, gt v A
O TE—IEBEBE OSEAAE (K) ABBERICF—F—Thsb (L5, 1976) Z 05,
WARDHERIL 10'Bq/kg ML EOHHAKATRENEE LTSN D0, — i THAKIHFEEIZ
FET 2 F TORECTHIC HE—TEER N TR 2 ADSEINEL T A RS D B 5.
ZFD7, NP SHEKE TORMV— 25T 5 7203 HETRE LS O E 7 AL &
h.

3.3 "Cs/""Cs HHIEELL b 5 DB RIEHTE
BiCs 1IR3 % WCs Ttgtrett (MCs/"Cs bb) 1XEFHoH iz e 3 5 LTl THR R TEEE
TH % (Komori, et al, 2013). Fig. 6 \ZIZ#HAKFD ¥Cs/¥Cs b & FEBEAHENIC BT 5 &1
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Fig. 6 The ratio of **Cs/"*’Cs radioactivity in sump water as of the Fukushima accident
(March 2011) from December 2013 to September 2016.

Table 1

Radioactivity in the water samples inside Fukushima Dai-ichi nuclear

power station and the *Cs/"*'Cs ratio on March 2011 by TEPCO.

Sampling

134Cg/137Cg ratio as

Reactor point 194Cs (Bq/em?) 1970s (Bq/em?) of the accident
inside T/B 1.59e5 + 2.4e2 1.82e5 + 2.0e3 0.885 +0.0017
sub-drain 5.17 £ 0.080 5.90 + 0.089 0.890 +0.019

! trench 1.05 + 0.024 1.14 £+ 0.022 0.931 + 0.027
shaft 0.695 + 0.031 0.785 + 0.029 0.899 + 0.052
pool 3.08e6 + 1.8e4 3.03e6 £ 1.6e4 1.029 £ 0.0081
inside T/B 2.27e6 £ 9.2e3 2.27e6 + 9.5e3 1.011 £ 0.0059
2 inside T/B 2.24e6 + 9.0e3 2.24e6 + 8.4e3 1.013 + 0.0056
shaft 1.99¢6 + 4.6e3 2.00e6 + 4.9¢3 1.010 £ 0.003
sub-drain 0.700 + 0.078 0.631 + 0.077 1.129 + 0.1867
inside T/B 1.79e5 + 6.2e2 1.80eb5 + 6.6e2 1.005 + 0.005
inside T/B 5.50e4 + 1.5e2 5.58e4 + 1.3e2 0.998 £ 0.0035
3 shaft 20.5 = 0.19 21.2 + 0.20 0.985+0.013
sub-drain 10.2 + 0.12 10.4 + 0.11 0.996 + 0.016
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B (n=5) 231040046, 354 (n=4) 70996+0.00075 & % 57z (Table 1). ZO—FT, #HK
D ¥Cs/Cs ITTRKRINZ L o TS E03 5 b 0, WiZElIH % 5 U 7273513 0.99+0.083 (1o)
Thole. tMEZIToE IS, MRHMOFIFMIZED 2 WHESR p 7%, HARISH LT 255
FU3gTidT e p=027, 098 (4, WMMKE) &ABEIEDONRDo20llx
LT, #@AKE 1M TIE p=0026 (FF0H#, WHERE) THbI ENOAREEIHD LN,

DT L, FERPOPGEL D T L5 1 GHRER TR < 2 5HRER £ 7213 3 Tk TH
5 ERMARBELTWS, HKIZFEENEWICH S Z 25, HREZEHEIZEWIEIC 3 54,
258 1 otRE % 2L b ZOMEL BEMICIHFL T 5. 727210, KO 55T
BV ERE TR Sk S BROKPMINIIREL T B RIED H 5 Z L2056, ¥Cs/Cs
KD &P S HERDEZDHRIEZ /R Z LI TE R0,

ZD72, Wik HHIROMWNIE, #2222 L OB oM, Ko R oW E %
PIUTH, CH R EOGHBANTH S L Bbhs.

4. ¥ & ®
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B L2 R R K Y ~ 7 A OBE 7 2 — 3 Y VB XY T FL U2 50T RRA LTI
L BRNR O RN D 525, KIKE L CTHEN O B O FR AN IR Uit Tw 2 535
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